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Abstract:  
 

The prediction of performances of products and construction systems for noise control engineering often requires an approach whose 

nature is computationally intensive, making its application difficult for most acoustics practitioners. The software SILDIS has been 

developed in order to make possible such a prediction without any computational effort from users, by the means of a single PC-tool 

appropriate for a wide range of industrial engineering purposes. 

 

Regarding the multi-disciplinary scientific and technical background, suitable approaches of all times, able to be included in the 

general layout of the program, have been selected and encapsulated in a easy-to-use Excel based software using drop-down menus 

and providing results in tabular and graphical form (French or English language) with comprehensive input/output data on a unique 

printable simulation report. 

  

Almost all acoustics calculations are performed at single frequencies and displayed per 1/3 and/or 1/1 octave band: global values 

with respect to a chosen reference spectrum are computed whenever it makes sense. 

 
MODULE 1 prediction of acoustic and aerodynamic performance of silencers: 

 
- either dissipative silencers (for those equipments the considered cross section can be either rectangular or round, with or 

without a central pod, with or without an intermediate annular splitter) for a lining including up to 4 porous media, up to 4 

series cloths, up to 4 series perforated protections selected among a library including for each kind of layer more than 20 

referenced materials. 

- or resonant silencers with so called Pine Tree splitters (for those equipments the considered cross section can be rectangular) 

for a lining including up to 4 porous media, up to 4 series cloths, up to 4 series perforated protections selected among a library 

including for each kind of layer more than 20 referenced materials 

 

For a rectangular silencer the results of the calculations are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and total 

pressure loss. 

 

MODULE 1A prediction of acoustic and aerodynamic performance of silencers with discontinued splitters: 
 

- dissipative silencers (considered cross section being rectangular) for a lining including 1 porous medium, 1 series cloth, 1 series 

perforated protection (material properties registered in database) 

 

For a rectangular silencer the results of the calculations are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and total 

pressure loss. 

 

MODULE 1B prediction of acoustic and aerodynamic performance of reactive silencers: 
 

- (for those equipments the considered cross section can be round) for an elements combination including up to 1 uniform tube, 

up to 2 extended tubes 

 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 

MODULE 2 prediction of acoustic performance of plane partitions for an acoustic structure including up to 2 porous media, up 

to 2 series cloths, up to 2 series perforated protections, up to 2 sets of identical series thin plates with up to 1 complementary rear set 

of identical series thin plates selected among a library including for each kind of layer more than 20 referenced materials (with an 

atmospheric back or with an impervious rigid back).  

 

The results of the calculations are comparable with the standardized measurement: (in case of an atmospheric back) see NF EN ISO 

10140-2 Acoustics –  Laboratory measurement of sound insulation of building elements. Measurement of airborne sound insulation 

and (in case of rigid impervious back) see NF EN ISO 354 Acoustics – Measurement of sound absorption in a reverberation room 

and also ISO 10534-1 Acoustics – Determination of sound absorption coefficient and impedance in impedance tubes – Part 1: 

Method using standing wave ratio. 

 

MODULE 3 prediction of acoustic performance of duct walls: either with a rectangular cross section, or with a circular cross 

section (including folded spiral seam ducts). 

 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 
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MODULE 4 prediction of acoustic performance of straight ducts either with a rectangular cross section, or with a circular cross 

section (including folded spiral seam ducts). 

 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 
MODULE 5 prediction of break-out noise: either of straight ducts (with a rectangular cross section, or with a circular cross section  

- including folded spiral seam ducts) or of silencers. 

 
The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 

MODULE 5A prediction of break-out noise of ducts with variable cross-ection. 

 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 
MODULE 6 prediction of acoustic performance of bends: with a rectangular cross section, or with a circular cross section, or 

with mixed cross sections). 

 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 

MODULE 7 prediction of nozzle reflection: with a rectangular cross section or with a circular cross section. 
 

The obtained results are not comparable with standardized measurement due to the lack of documents formalizing corresponding 

measurement procedures. 

 

MODULE 8 prediction of the sound impact of duct systems including components such as silencers (dissipative or resonant), 

straight ducts sections, bends with a rectangular cross section, or with a circular cross section, or with mixed cross sections (for some 

components) 

 

MODULE 8A prediction of stacks directivity 
 

Some of the obtained results are comparable with some input data envisaged in standardized calculation: cf. NF EN ISO 9613-2 

Acoustics -- Attenuation of sound during propagation outdoors - Part 2: General method of calculation (1996)  

 

MODULE 8B simulation of atmospheric absorption 

 

Some of the obtained results are comparable with some input data envisaged in standardized calculation: cf. NF EN ISO 9613-2 

Acoustics - Attenuation of sound during propagation outdoors - Part 2: General method of calculation (1996)  

 
MODULE 8C prediction of control valves aerodynamic noise 

 
MODULE 8D prediction of jet noise (including safety valves noise) 

 
MODULE 8E prediction of piping systems discharge parameters 

 
MODULE 8F determination of the performance & sizing of safety valves 

 
MODULE 8G simulation of the discharge of a fluid trough a valve vent stack 
 

MODULE 8H prediction of acoustic and aerodynamic performance of vent silencers for pressurized fluids 
 

MODULE 9 modelling of sound decay in enclosed spaces 
 

The obtained results are comparable with standardized measurement: cf. NF EN ISO 3382-2 Acoustics - Measurement of room 

acoustics parameters- Part 2: reverberation time in ordinary rooms. 

 

MODULE 9A prediction of the spatial sound decay in open-plan offices 
 

Some of the obtained results are comparable with standardized measurement: cf. NF EN ISO 3382-3 Acoustics - Measurement of 

room acoustics parameters- Part 3: open plan offices 

 

MODULE 10 prediction of the noise emissions from buildings and other constructions 

 
Some of the obtained results are comparable with standardized calculations: cf. ISO 12354-4 Building acoustics — Estimation of 

acoustic performance of buildings from the performance of elements — Part 4: Transmission of indoor sound to the outside 
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In this user’s manual, a presentation of this calculation program is made, for the people concerned (at ITS or elsewhere) by the 

design of soundproofing equipment related to applications in the field of industry, environment as well as building. 

 

 To be continued (work in progress). 
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General considerations 
 

0.1: Introduction 
 

What does the present user’s manual aims at 
 

The software SILDIS (Sound Impact Limitation Design for Industrialized Solutions) has been developed in order to allow (for users 

among the team ITS or elsewhere) the prediction of acoustic and aerodynamic performances of dissipative silencers and the 

prediction of acoustic performances of plane partitions and ducts.  

 

The present user’s manual aims at: 

 

o providing the scientific and technical background of this software 

o presenting the available features of this software 

o answering the question: how to use SILDIS ? 

o giving illustrative examples of the use of this software 

 
Note 1: see also report [PhRxx-013x] (Sound Impact Limitation Design for Industrialized Solutions: a single Excel based software 

for a wide range of applications) to get answers to the question: why/when use SILDIS ? 

 
Note 2: see also report [PhRxx-015x] Collection of soundproofing constructions systems: a companion to “User’s manual for the 

software SILDIS”  
 

Comments 
 

SILDIS is a rolling tool, for which work is on progress in relation with existing features (being made available for users as soon as 

possible) and with features to come/to be modified, involving possibly, during a transient period: 

 

- the evaluation of some indicators of performance to be done thanks to several separate predictions until sufficient feed-

back allows to reduce the most appropriate separate predictions to the smallest amount necessary for the best use  

- some features to not be available because not 100% implemented or not sufficiently verified (some features may also be 

available although not 100% verified indeed…) 

 

In order to include the calculations in the general layout of the program, some models associated with known bibliographic sources 

have not been used, despite their level of interest from an academic point of view: SILDIS is sometimes based on simplified 

(although rarely simple) methods of computation, satisfying the requirements of the conditions of implementation and (hopefully) 

the requirements of the conditions of use of the program.  

 

All unfavorable cases involved by the non limitation of the input data for different models are not always known with accuracy. 

 

In case of an evaluation of an indicator of performances done thanks to several separate predictions, the preferred models (at the time 

of the writing) of the author of this manual are written in bold and underlined (like this for the model MOD: MOD) 

 

SILDIS is a tool supposed to be shared by users being more or less experienced in computational noise control engineering, 

involving possibly for some users the feeling that some elements in this manual are not very familiar for them. Should this happen, 

those users would consider that such elements are dedicated to other users and would kindly focus on data foreseen to be entered by 

them in the software and on results - as mentioned above and detailed below - given to them by the software,  that are - hopefully - 

not of that kind (in case of doubt: please ask). 

 

Operating conditions / security level / safety 
 

SILDIS is a PC program requiring the use of  Excel 2010 (or a more recent version). The best operating conditions have been 

obtained with a computer whose technical characteristic are as follows: Intel®Core™i7 3920XM  CPU @ 2.9 GHz 3.10 GHz  ; 32 

Go of RAM. 

 

SILDIS is a program with a restricted access: see report [PhRxx-014x] (Procedure for the use of Excel based programs with a 

restricted access).  

 

General layout of the program 
 

The general layout of the program SILDIS is as shown on fig. 0.1a &  fig. 0.1b below (cf. appendix for abbreviations).  
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Fig. 0.1a 
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Fig. 0.1b 

As far as MODULES 1 to 9 are concerned 

 

A common routine referred to as COALA (COmputation of Acoustic LAyers) is associated with specific (complementary) 

routines: 

 

o on the one hand: the routine COSIL (COmputation of SILencers), this association basing the features of the MODULE 
1 of the software  (described in the Section 1 of the present user’s manual) 

o on the other hand: the routine COPPA (COmputation of Plane PArtitions), this association basing the features of the 

MODULE 2 of the software (described in the Section 2 of the present user’s manual) 

o furthermore: the routine CODUW (COmputation of DUct Walls), this association basing the features of the MODULE 

3 of the software (described in the Section 3 of the present user’s manual) 

 

The routine referred to ass COSTDU (COmputation of STraight DUcts) is basing the features of the MODULE 4 of the software  

(described in the Section 4 of the present user’s manual). 

 

The routine referred to as COSTDU (COmputation of STraight DUcts) and the routine COSIL (COmputation of SILencers) are 

associated with a specific (complementary) routine: 

 

o the routine COBON (COmputation of Break Out Noise), this association basing the features of the MODULE 5 of the 

software  (described in the Section 5 of the present user’s manual) 

 

The routine referred to as COBEND (COmputation of BENDs) is basing the features of the MODULE 6 of the software  

(described in the Section 6 of the present user’s manual). 

 

The routine referred to as CONOZ (COmputation of NOZzle reflection) is basing the features of the MODULE 7 of the software  

(described in the Section 7 of the present user’s manual). 

 

The routine referred to as IDS (COmputation of  Impact of Duct Work) is basing the features of the MODULE 8 of the software  

(described in the Section 8 of the present user’s manual). 

 

All MODULEs 1 to 8 are encapsulated in a single file.  
 
The routine referred to as COSOD (COmputation of  SOund Decay) is basing the features of the MODULE 9 of the software  

(described in the Section 9 of the present user’s manual). 

 
MODULE 9 is encapsulated in a separate file. 
 
As far as MODULES 1A is concerned 

 
A routine referred to as COALA-1A (COmputation of Acoustic LAyers) is associated with specific (complementary) routine the 

routine COSIL-1A (COmputation of SILencers), this association basing the features of the MODULE 1A of the software  

(described in the Section 1A of the present user’s manual) 

 

MODULE 1A is encapsulated in a separate file. 

 

Fig. 0.1c 
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0.2: Scientific and technical background  
 

System of units 
 
The system of units used with the software SILDIS for input data and displayed results (and consequently the system of units used in 

the present document) is the International System of units, some conversions factors being given when useful  
 

Reference conditions  

 
Reference conditions are involved in the expression on the one hand of input data and on the other hand of results with the software 

SILDIS (different definitions of reference conditions being more or less currently used all over the world). 

 
For the purposes of the present user’s manual, the following terms and definitions apply: 

 

Normal conditions: set of conditions including a temperature t0
N = 0°C and a pressure P0

N = 101325 Pa. 

 

Note: with the software SILDIS, flow rates expressed in Nm3/h are related to normal conditions 

 

(Test) room conditions (i.e. typically encountered in a room): conditions for which measurement of engineering data of materials 

(porous media, cloths, perforated protections, plates) are usually (sometimes implicitly) performed, namely with a temperature t0* 

generally not too far from 20°C, with a pressure P0* generally not too far from 105 Pa, and with an air speed not too far from 0 m/s. 
 

Note 1: in the worksheets of the software (and consequently in the present document), “usual” refers to input data for (test) room 

conditions 

Note 2: a unique (i.e. common) value of temperature and a unique (i.e. common) value of pressure (being input data themselves in 

order to allow to some users a fine tuning in some circumstances) are assumed for all “usual” input data.  

 

Service conditions: conditions for which the design of the envisaged soundproofing equipment is performed, possibly influenced by 

various changes when compared to (test) room conditions, notably with a temperature sometimes far away from (test) room 

temperature or/and with a pressure sometimes far away from (test) room pressure or/and with an air speed sometimes far from zero. 

 

Note: in the worksheets of the software (and consequently in the present document), “special” refers to input data for service 

conditions 

 

Fluid 
 

The fluid involved on the one hand: in pores of porous media, on the other hand: in perforations of perforated protections and generally 

speaking: in atmosphere is assumed to be in all cases (clean) dry air. 
 

Note for dissipative silencers: the fluid of which the carriage is considered through the dissipative silencer is assumed to be (clean) 

dry air. 

 

Electro-acoustic analogies for Module 1 & for Module 2  
 

The (popular) application of an equivalent network is a convenient representation and a useful method for the solution of many tasks 

in relation with the computation of acoustic layers (based on electro-acoustic analogies with electrical circuits: sound pressure, 

particle velocity and acoustic impedance being respectively analogous to voltage, current and electrical impedance). 

 

 

 

 

 

 

 

**  something like that *  something like that
*** some users may not be  allowed to input data by 

filling/modifying some yellow cells for the sake of simplicity 

Worksheets 

 
The software SILDIS is configurated in order to allow the user to access to several worksheets as shown on fig. 0.1a, 0.1.b and 

0.1.c above (in case of  “in” in the name of a given worksheet, the user should be prepared to input data, in case of  “out” in the 

name of a given worksheet, the user should be prepared to get results).  

 

Input data 

 
The software SILDIS is configurated in order to allow the user to input data by filling/modifying yellow cells (*), sometimes by 

the means of drop-down menus (**) allowing the selection of references of materials, engineering constants, models, conditions of 

the application… (***)   
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 Terms and definitions 

 
For the purposes of the present user’s manual, the following terms and definitions apply: 

 

Element: 1 porous medium or 1 cloth or 1 perforated protection or 1 thin plate (indeed: 1 or several identical thin plates treated as a 

whole)  

 

Note: 1 element can consist of 1 or several acoustic layer(s) each (examples: a pair of identical plates with a negligible interspace is 

1 element consisting of 2 acoustic layers; a plate with an extensional damping is 1 element consisting of 2 acoustic layers, etc…) 

Set (of elements): stacking of several elements gathered for a sake of simplicity of implementation/use of the software (sometimes 

reduced to1 element).The position (rank) of each element is constant within each set. 

 

Note 1 for dissipative silencers: each set (indexed from an impervious rigid back at the rear to the front: 1 to 4) consists (from the 

rear to the front) of up to 1 porous medium, up to 1 cloth, up to 1 perforated protection.  

 

Note 2 for plane partitions: each set (indexed from the rear to the front: 1 to 4) consists (from the rear to the front) of up to 1 porous 

medium, up to 1 cloth, up to 1 perforated protection, and  up to 1 (or several identical) thin plate(s). A complementary set (set 0) is 

used (at the rear of set 1) consisting of up to 1 thin plate (indeed up to 1 or several identical thin plates treated as a whole) backed by 

atmosphere or backed by an impervious rigid wall). Remark: for the set 0, the number of identical plates only can be freely selected 

by the user - the material and the thickness being selected by the user among those of the plate(s) of the set 1 or of the set 2 -  

 

Maximum set index imax: index (up to 4) of the set located as far on the front side, taken into account for the computation (among 

the sets taken into account for the computation). The elements belonging  to sets with an index i≤imax are taken into account for the 

computation under the condition of selected quantities of elements different of 0; the elements belonging to sets with an index 

i>imax are not taken into account for the computation whatever the selected quantities of those elements are (example: if imax=1, a 

perforated protection belonging to set 1 will be taken into account for the computation unless the considered quantity is 0; a 

perforated protection belonging to set  2 will not be taken into account for the computation even if the selected quantity is 1).  
 

Acoustic structure: the whole stacking of acoustic layers of interest 

 

Note 1 for dissipative silencers: the acoustic structure consists of elements (for which the selected quantity is not 0) belonging to 

sets 1 to imax. The acoustic structure is sometimes referred to as “lining”, assuming an impervious rigid back for the considered duct 

and sometimes referred to as “splitter” (assuming a symmetry plane - opposite to the airway side - equivalent to an impervious rigid 

back: requiring sometimes for field applications a rigid centre plate implicitly supposed to be added to the real construction despite 

the lack of explicit corresponding input data with the software SILDIS) 

 

Note 2 for plane partitions: the acoustic structure consists of elements (for which the selected quantity is not 0) belonging to sets 0 

to imax. Remark: for the set 0, the number of identical plates only can be freely selected by the user - the material and the thickness 

being selected by the user among those of the plate(s) of the set 1 or of the set 2 -  

 

 Equivalent network 
 

The general equivalent circuit considered for the purposes of  the routine COALA (COmputation of Acoustic LAyers) common to 

the COmputation of DIssipative Silencers (CODIS) and to the COmputation of Plane PArtitions (COPPA) with the software SILDIS 

is as shown on the figure 0.2 below (with Pi : sound pressure of the incident wave; Zis: internal source impedance; Zr: radiation 

impedance): 

 

 

 

 

 

 

 

 

 

 

 

 
 

The source represents the acoustic field (present in the upstream atmosphere) impinging on the acoustic structure. 

 
The unique 4-poles representing the acoustic structure itself can be represented as an equivalent network, including several 4-poles. 

 

Note 1 for dissipative silencers: the equivalent network is including 4 such 4-poles: the above mentioned sets indexed from 1 to 4 

(the load being infinite in case of an impervious rigid back) see figure 0.3 below 

 

 

 

                                  source                                   acoustic structure                      load 

 

 
 

 Zr 

Zis 

2Pi Fig. 0.2 
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The 4-poles representing the sets themselves can be represented as equivalent networks, consisting of a combination of 4-poles 

elements (such as porous media) and, by using an “old school” approach of 2-poles elements (series elements): such as cloths and 

perforated protections (see figure 0.4 below) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By using a “new wave” approach: cloths, perforated protections are 4-poles elements (the quantities of corresponding series 

elements being set equal to 0 by the user in this case) 

 

Note 2 for plane partitions: the equivalent network is including  5 such 4-poles: the above mentioned sets indexed from 1 to 4 and 

a complementary set indexed 0 (the load being either infinite in case of an impervious rigid back or the radiation impedance of air in 

case of an atmospheric back) (see figure 0.5 below) Remark: for the set 0, the number of identical plates only can be freely selected 

by the user - the material and the thickness being selected by the user among those of the plate(s) of the set 1 or of the set 2 – 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 4-poles representing the sets themselves can be represented as equivalent networks, consisting of a combination of 4-poles 

elements (such as porous media) and of 2-poles elements (series elements): such as thin plates and, by using an “old school” 

approach with other 2-poles elements (series elements): such as cloths and perforated protections (see figures 0.6 and 0.7 below) 
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Fig. 0.4 

Fig. 0.5 

Fig. 0.6 
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By using a “new wave” approach: cloths, perforated protections are 4-poles elements (the quantities of corresponding series 

elements being set equal to 0 by the user in this case) 

 

Remark regarding construction systems 

 
Construction systems (for field applications: including sketches and nomenclatures) for which the design is possible with the 

software SILDIS are not described in an exhaustive manner in the present document, being the object of a separate document for a 

sake of simplicity. 

 

One will see the document referenced Collection of soundproofing constructions systems: a companion to “User’s manual for the 

software SILDIS” illustrating the possibilities of use of the software for practical cases (report [PhRxx-015x]) 
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Appendix to general considerations: list of symbols and acronyms 
 

General 

 

Cf. corresponding § in Section 1  
 

Electro-acoustic analogies 
 

Pi : sound pressure of the incident wave 

Zis: internal source impedance 

Zr: radiation impedance 

 

Reference conditions  
 

Cf. corresponding § in Section 1 for dry air 
 

Miscellaneous 

 

See also corresponding § in Section 1 and in Section 2 
 

Acronyms 
 

COALA: COmputation of Acoustic Layers 

COATAB: COmputation of Atmospheric ABsorption 

COBEND: COmputation of BENDs 

COBON: COmputation of Break-Out Noise 

COCID: COmputation of Circular Duct walls 

COCOV: COmputation of Control Valves 

CODAP: COmputation of DAmped Plates 
CODIS: COmputation of Directivity (of stacks)  

CODIS: COmputation of DIssipative Silencers 

             CODIS1: attenuation accounted 1 time 

             CODIS2: attenuation accounted 2 times 

CODUW: COmputation of DUct Walls 

COEDLA: COmputation of Empty Ducts Longitudinal Attenuation 

COFDIS: COmputation of Fluid DIScharge 

COJEN: Computation of JEt Noise 

CONOZ: COmputation of NOZzle reflection 

COORT: COmputation of ORThotropic plates 

COPERF: COmputation of PERForated plates 

COPPA: COmputation of Plane PArtitions 

              COPPA0: with 0 thin plate in the acoustic structure 

              COPPA1: with 1 thin plate in the acoustic structure 

              COPPA2: with 2 thin plates in the acoustic structure)   

CORED: COmputation of REctangular Duct walls 

CORESPT: COmputation of REsonant Silencers with Pine-Tree splitters 

                  CORESPTL: COmputation of REsonant Silencers with Pine-Tree splitters with a Lateral lining 

                  CORESPTR: COmputation of REsonant Silencers with Pine-Tree splitters with a Rear lining 

COSAV: COmputation of SAfety Valves 

COSIL: COmputation of SILencers 

COSOD: COmputation of SOund Decay 

COSODS: COmputation of SOund Decay for Speech 

COSTDU: COmputation of STraight DUcts 

COVAN: COmputation of Valves Aerodynamic Noise 

IDS: computation of Sound Impact of Duct Systems  
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Section 1: computation of silencers 
 (MODULE 1 of the software) 

 

1.1: Introduction 
 
Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply (see NF EN ISO 14163 Acoustics - Guidelines 

for noise control by silencers, 1999): 

 

Silencer: device reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the carriage of the fluid  

 

Dissipative silencer: silencer attenuating the wideband sounds with a relatively low pressure loss and converting partially the 

acoustic energy into heat by friction on tubes having a porous or fibrous structure 

 

Resonant silencer: silencer producing an acoustic attenuation from weakly damped resonances of elements. The elements of the 

splitters can contain or not contain absorbing materials. 

 
 

                                                                                         

 

 

 

 

 

 

 
 

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   fig. 1.1                                                                    cf. worksheet CODIS1           
 

 

 

 

 

 

 

 

       mounting C0 ½                       mounting C1                                 mounting C1 ½                                mounting C2 

Mountings and geometry 
 
Silencers having various cross sections are frequently used for industrial applications. 

 

For dissipative silencers, the various mountings for which predictions can be done with the software SILDIS are shown in fig.1.1 and fig. 1.2 

 

 
 

 

                      mounting R’’                             mounting R                             mounting R'                              
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                  fig. 1.1 (continue)                                              cf. worksheet CODIS1           

 

                                                     

 

 

 
 

 

 

 
                 

 
                  mounting Q0                      mountings C0 & C0A 

                        
                                               

 
           fig.  1.2       cf. worksheet CODIS 2                                                                fig.  1.3       cf. worksheet CODIS 3  

 

 

 

 

 

  

 
 

 

 

         mounting C2 ½                                                    mounting C3                                                            mounting C3 ½  

                      mounting CR                              
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       fig.  1.4       cf. worksheet CODIS 4 

 

Key of the previous figures 

 

d=2d/2: thickness of extreme inner lagging (for mountings R, C1, C2 only) = thickness of lining (for mounting Q, C0 only)  

2d: thickness of central splitters (for mountings R, R’’) = diameter of central pod (for mountings C1, C2 only) = thickness of 

intermediate splitter (for mounting C2 only)  

h=2h/2: width of extreme air way (for mounting R’’only) 

2h: width of central airways (for mounting R, R’’ only) = width of the airways (for mountings R, R’’, C1, C2, Q)  

a=h*2*π-0.5 

2a: width of airway (for mounting C0 only) 

L: length of the silencer without aerodynamic extremities 
N’’: number of central splitters (for mounting R’’ only);  N’’ = B / 2 / (d + h) 
N: number of central splitters (for mounting R only); N = N’’ – 1 

 

Concerning the area of the duct upstream and downstream (above and below the silencer) A compared to the area of the overall 

section of the silencer Af, predictions with the software SILDIS can be done:  

 

 for mountings R, R’’, C2 with A = Af 

 for mounting C1 with A = Af or with A = Af* < Af  *)  

 for mountings Q, C0 with A = Af* < Af *) 

 

Section of the duct above 

and below the silencer A 

depending on mounting 

 

R, R’’ C1 C2 Q C0 & C0A 

if A=Af B*H π*(D1)2/4 π*(D2)2/4 (Q)2 π*(D0)2/4 

if A=Af* < Af *) - π*(D1-2d)2/4 π*(D2-2d)2/4 (Q-2d)2 π*(D0-2d)2/4 

 

*2d being subtracted to the overall dimension of the silencer in order to obtain the corresponding dimension of the considered duct) 

 

The direction parallel to the axis of the duct is referred to as x, the direction normal to the axis of the duct (along the thickness of the 

lining) is referred to as y according to the fig. 1.3 below (example for a mounting R) 

 

In case of a rectangular silencer, the direction perpendicular to x and y is referred to as z according to the fig. 1.5 below (not 

considered for the computation with SILDIS) 

 
 

 
 

 
 

 
 

 
 

 
For resonant silencers, the various mountings for which predictions can be done with the software SILDIS are shown in fig.1.6 and 

fig. 1.7 

 

 

 

 

 

fig.1.5 
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Key of the previous figures 

 

d*=2d*/2: thickness of extreme inner lagging (for mountings RPTR, RPTL only)  

2d*: thickness of central splitters   

h*=2h*/2: width of extreme air way (for mounting RPTR’’, RPTL’’ only) 

2h*: width of central airways  

L: length of the silencer without aerodynamic extremities 
N’’*: number of central splitters (for mounting RPTR’’, RPTL’’ only);  N’’* = B / 2 / (d + h) 
N’: number of central splitters (for mounting R only); N* = N’’* – 1 

Concerning the area of the duct upstream and downstream (above and below the silencer) A compared to the area of the overall 

section of the silencer Af, predictions with the software SILDIS can be done with A = Af 

 

 

 

 

 

                                                         mounting RPTR’’                                 

 
                                                         mounting RPTR                              

 

                                                       mounting RPTL’’                                 

 
 

                                                        mounting RPTL                                 

fig. 1.6 cf. worksheet CORESPTR  

fig. 1.7 cf. worksheet CORESPTL 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        36/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Section of the duct above and 

below the silencer A 

depending on mounting 

 

RPTR, RPTR’’ 

RPTL, RPTL’’ 

A=Af B*H 

 

1.2: Scientific and technical background 
 

The prediction of acoustic and aerodynamic performances of dissipative silencers with SILDIS is founded on a scientific and 

technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

For a rectangular silencer, the obtained results are comparable with the standardized measurement with the plane wave excited alone 

as much as possible: see NF EN ISO 7235 Acoustics - Laboratory measurement procedures for ducted silencers and air terminal 

units - Insertion loss, flow noise and total pressure loss (2004). 

 

1.2.1 Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 
 
All computations have been gathered in this single step for the sake of simplicity. 

 
o Bibliography (references) : 

 

[a1]  

[a2]  

[a3]  

[a4] 

- 

 

[a5]  

[a6] 

- 

 

 

o Comments in relation with partial derivatives: 

 

Partial derivatives (and related quantities), which are usually employed to measure the equation of state of the fluid near 

the equilibrium state (with various notations according bibliographic sources) are written for the purpose of the present 

user’s manual with the following notations:  

 

 the isothermal compressibility of dry air is referred to as CT  

 

       CT =                          = 

 

 

 the isothermal bulk modulus of dry air is referred to as KT with KT=1/CT 

 

 the adiabatic compressibility of dry air is referred to as Cs 

 

       Cs =                          =                                because Cs = CT/κ 

 

 

 the adiabatic bulk modulus of dry air is referred to as Ks with Ks=1/Cs 

 

 the coefficient of thermal expansion of dry air is referred to as β   
 

       β  =                          = 

 

 

 

 

 

 

 

 

T T 

∂ρ 

∂P 
1 

V 
∂V 

∂P 
1 

ρ 
- 

T T 

∂ρ 

∂P 
1 

κV 
∂V 

∂P 
1 

κρ 
- 

P P 

∂ρ 

∂T 
1 

V 
∂V 

∂T 
1 

ρ 
- 
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o Other comments: 

 

 when used the density of dry air ρ is computed according various models as shown in the table below: 

 

model MAR MEC 

source 

[a1] using 

ideal gas law 

(derived 

from 

MARiottes’s 

law) (*) 

[a1] using 

a 

regression 

 

* the gas constant of dry air R (J/kg/K) is set to 287 or 287.053 or 287.10 depending on the eponym selected 

model  

 

 when used the dynamical viscosity of dry air η is computed according various models as shown in the table below: 

 

model SUT VER MEC IDE 

source 

[a2] using 

SUTherlan

d’s law) 

[a4]  
[a1] using a 

regression 

[a2] using a 

regression 

limiting 

temperature 

-20 to 800 

°C 
? 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

 

Conversion 

factors 

micropoise centipoise poise 

= g/cm/s 

kg/m/s  

= Nsm-2 

micropoise 1 10-4 10-6 10-7 

centipoise 104 1 10-2 10-3 

poise 

= g/cm/s 
106 102 1 10-1 

kg/m/s 

= Nsm-2 
107 103 10 1 

 

 when used the kinematic viscosity of dry air ν is computed from [a1] 
 

Note : ν = η/ρ 

 

Conversion 

factors 

centistokes 

= mm2/s 

stokes = 

cm2/s 

m2/s 

centistokes 

= mm2/s 
1 10-2 10-6 

stokes = 

cm2/s 
102 1 10-4 

m2/s 106 104 1 
 

 when used the adiabatic exponent of dry air κ is computed according various models as shown in the table below: 

 

model INV MEC MEC2 

source (*) 

[a1] using 

a 

regression 

[a1] using 

a 

regression 

limiting 

temperature 
- 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 

 

*κ is set to 1.399 or 1.400 or 1.401 or 1.402 depending on the eponym selected model  

 
 when used the specific heat (capacity) (at constant pressure) of dry air cp is computed according various models as 

shown in the table below: 

 

model MEC MEC2 KRA 

source 

[a1] using a 

regression 

for a (the 

regression 

[a1] using 

a 

regression 

for Pr (the 

regression 

[a3] using 

a 

regression 
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for  cp being 

in error) 

for  cp 

being in 

error) 

limiting 

temperature 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 

 

 the following relation applies:         κ - 1 =                           
 

 when used the thermal conductivity of dry air λ is computed according various models as shown in the table below: 

 

model MEC KRA 

source 
[a1] using a 

regression 

[a3] using 

a 

regression 

limiting 

temperature 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 
 

 when used the diffusivity of dry air a is computed from [a1] 

 

Note : a = λ/ρ/cp 

 

 when used the Prandtl number of dry air Pr is computed from [a1] 

 

Note : Pr = ν/a = η/ρ/a = η.cp/λ 

 
 when used the (adiabatic) sound velocity in dry air c is computed from [a5] 

 

Note : c = (Ks/ρ)0.5 

 

 when used the characteristic impedance of dry air Z is computed from [a1] 

 

Note : Z = ρc 

 

 when used the humidity of (wet) air is computed according various models as shown in the table below: 

 

model MAG HUA 

source [a6]  [a6]  

limiting 

temperature 

-100 to 100 

°C 

-100 to 

100 °C 

 

1.2.2 Acoustics:  

 

• Bloc diagram for rectangular dissipative silencers and comments for other dissipative silencers and 

for resonators: the computation scheme for rectangular dissipative silencers is as shown on fig 1.6 below  

  β2.T  

CS.cp.ρ 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        39/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

 
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-002x] pages 6 to 7, report 

[PhRxx-006x] pages 2 to 3, report [PhRxx-015x] 

Note 2: the main steps (the steps involving a physical modeling) being referred to as [A] to [K] have been taken into account for the 

bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity; the calculation is carried out with the hypothesis of plane waves, typically regarded as the least 

attenuated mode (only for step [H] are other modal contributions taken into account)  

 

Note 3:  analytical calculations are involved in steps [B] to [F] and [J] to [K]; empirical methods are involved in steps [G] to [I] 

 

Note 4: step [F] is depending on the conditions of axial sound propagation inside the lining 

 

Note 5: the bloc diagram above is suitable for rectangular dissipative silencers, whatever the considered mounting is among R, R’’ . 

 

Note 6 (comments for other dissipative silencers)(under the condition of same speed in the airways): 

 

o for the mounting C1 and C2: the performance (from step [F] to step [K]) is extrapolated from the performance of the 

mounting R to which steps [A] to [E] are referring (not suitable for silencers with too small diameters)  

o for the mounting Q and C0: the performance (of step [F]) is extrapolated from the performance of the mounting R to 

which steps [A] to [E] are referring (not suitable for silencers with too small diameters in case of mounting C0)  

 

 Note 7 (comments for resonators): a complementary step referred to as [L] is necessary between step [E] and step [F] allowing the 

computation of the admittance in the plane of the outlet side of (the neck of) the chamber 

 

• Steps of the computation 

 

Step [A] 
 

This step aims at taking into account what is on the back (i.e. at the rear of the acoustic structure ) 

 

o Bibliography (references) : 

 

[A1]  

 

o Comments : 

 

No comment 
 

Step [B] 
 

This step aims at taking into account porous media used in the acoustic structure. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.6 

porous medium 

Fig. 1.5 
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o Bibliography (references) : 

 

[B1] 

- 

 

[B2] 

- 

 

[B3] 

- 

 

[B4] 

- 

 

[B5] 

- 

 

[B6]  

[B7]  

[B8]  

[B9] 

- 

 

[B10]  

[B11]  

[B12] 

- 

 

[B13]  

o Comments : 

 

         The following governing equation is considered in the absorber layer (with notations adapted from various sources: will 

be specified on the occasion of a future revision of this user’s manual): 

 

     (                              +                                 -   1  )  pa (x,y,t)  = 0 

 

Where 

 

pa: pressure (Pa) 

t: time (s) 

Γax: propagation constant in the x-direction (rad.m-1) 

Γay: propagation constant in the y-direction (rad.m-1) 

 

 depending on the used model, some of the following parameters are taken into account in relation to the properties of 

a porous medium (sometimes only in a direction perpendicular to its surface): σ  (Nsm-4) airflow resistivity, ø 

porosity, α∞ tortuosity, Λ’ (m) thermal characteristic length,  Λ (m) viscous characteristic length, RG (kg/m3) (bulk) 

density  

 

model AIR DB CUM BH AB ORV M76 M76+ 

source  [B1] [B9] (*) [B2] [B3] [B4] [B5] 

parameters - σ 

σ 

ø 

 

 

σ σ σ 
σ 

ø 

σ 

ø 

RG 

porous medium air only  
  

 
polyester 

only 

made of mineral fiber or of 

glass fiber only 

comment relating to 

frequency range 
- 

Low 

frequency 

limitation 

- - 

- - - - 

comment relating to 

unaccuracy due to porosity 
 ** 

 ** 
? ** 

** (ø used only for low 

frequency) 

 

 

model M84R M84V M89 M89+ M89+- M89+* F&L F&L+ 

source [B6] [B7]   

parameters σ σ 
σ 

ø 

σ 

ø 

RG 

σ 

ø 

RG 

σ 

ø 

RG 

σ 
σ 

RG 

porous medium 

rockwool 

and basalt 

wool only 

glasswool 

only 

 

made of mineral fiber or of glass fiber only   

comment relating to 

frequency range 
  

  low 

frequency 

extension 

only 

with smoo 

thing 
for σ ≥ 7.5 kNsm-4 

comment relating to 

unaccuracy due to porosity 
** ** 

** ** 
** ** ** 

     ∂2 

(Γax ∂x)2 
      ∂2 

(Γay ∂x)2 
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* Zan =  (1+c1*Ec
2) –  j c3*Ec

4 ; Γan = c5*Ec
6 + j (1 + c7*Ec

8) and in case of normalized characteristic impedance Zan expressed as Zan= 

(1 + b’/Eβ’) –  j * b”Eβ”  in case of normalized propagation constant Γan expressed as Γan = a’/Eα’ +  j * (1 + a”/Eα”) and in case of 

normalized characteristic impedance Zan expressed as Zan= (1 + b’/Eβ’) –  j * b”Eβ”  the following relations apply: 

c1 = b’ ;  c2 = - β’ ; c3 = b” ;  c4 = - β” ; c5 = a’ ; c6 = - α’ ; c7 = a” ; c8 = - α” with E = ρ.f / σ where  f is the frequency (Hz) and ρ is 

the density of air (kg/m3) 

 

 DB CUM 

(PE) 

ORV D&D Q 

c1 0.057 0.196 0.078 0.114 0.209 

c2 -0.754 -0.399 -0.623 -0.369 -0.548 

c3 0.087 0.112 0.074 0.099 0.105 

c4 -0.732 -0.550 -0.660 -0.758 -0.607 

c5 0.189 0.157 0.159 0.168 0.163 

c6 -0.595 -0.580 -0.571 -0.715 -0.592 

c7 0.0978 0.185 0.121 0.136 0.188 

c8 -0.700 -0.475 -0.53 -0.491 -0.554 

 

 

** obtained by a measurement methodology & then by a calculation assuming porosity equal to 1 ? 

 

 

model JKD ALL1 ALL2 S&A     

source [B8] [B8] [B8] [B8] (*)     

parameters 

σ 

ø 

α∞ 

Λ’ 

Λ 

σ 

ø 

α∞=1 

Λ’= Λ 

 

σ 

ø 

α∞=1 

Λ’= Λ 

 

 

σ 

ø 

α∞ 

Λ’ 

Λ 

    

porous medium all kind 

perforated 

protection 

with 

“point” 

perforation

s 

perforated 

protection 

with 

“lineic” 

perforation

s 

perforated 

protection 

with 

“point” 

perforation

s 

    

other comments (valid for a 

porous medium being a 

perforated protection only) 

   

interactions with rear porous layer (**) and front porous layer (***) 

accounted by selecting appropriate model of added impedance (cf. 

below) 

other comments (valid for a 

porous medium being a 

perforated protection only 

   

in case of a perforated protection, when one wishes to account 

interactions with rear porous layer  (**) and front porous layer  (***) 

like in [B12], POR model should be selected] 

 

 with the general model S&A the effects of the interaction of the perforated protection with a porous layer are taken 

into account by the means of (****): 

 

 an added length (increasing the mass of the vibrating air in the neck), depending on the geometry of the 

perforation: 

 

Model of added length 

according the 

perforation geometry 

COA COB COC 

 

COJ COM CHC CHM CAR FEM FED FEF ZER 

source [D3] [D2] [D6] 

[D9] 

[D7] [D6] [D7] [D7] [D7] [D8] 

[D11] 

[D12] 

[D13] 

 

Geometry of the 

perforation 
circular, square array 

circular, 

hexagonal array 
square                    slit/slot 

 

Open area ratio ε <0.16  
<0.78

5 

 

 
<0.90

6 
 <0.16   

no 

added 

length 

no 

added 

length 

 

* if the porous medium is a perforated protection, geometric tortuosity (i.e.1) should be entered as acoustical parameter (dynamic 

tortuosity being evaluated depending on the selected models related to front & / or  rear added length )  

** interaction with rear series cloth not accounted  

*** interaction with front series cloth not accounted 

****see the comments concerning series perforated protections 

 

 the following models of interaction with porous media are available: (if  the porous medium is a perforated 

protection) (*) 
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Model of added 

impedance 
POR AIR ZER 

source [B12]   

interaction 
without additional 

resistance effects 

air considered 

instead of selected 

porous medium for 

neighboring sets 

no interaction (**) 

 

* not geometric parameters entered for the series perforated protections of the considered set are used: geometric parameters derived 

from porous medium input data are used indeed (checked 15-07-2015) 

** the model ZER applies notably for modeling a front added length “blown away” by an airflow  

 

 no influence of the speed of the airflow is taken into account for the computation 

 

Conversion 

factors 

MKS 

Rayl/m = 

Nsm-4 

CGS units 

MKS 

Rayl/m = 

Nsm-4 

1 10-3 

CGS units 103 1 

 

Step [C] 
 

This step aims at taking into account series cloths used in the acoustic structure.  

 

 

 

 

 

 

 

o Bibliography (references) : 

 

[C1]  

[C2]  

[C3] 

- 

 

[C4] 

- 

 

[C5]  

 

o Comments : 

 

 depending on the (general) used model, some of the following parameters are taken into account: superficial flow 

resistance R’ (Nsm-3), surface density M’ (kg/m2), parallel resistance (losses due to mounting) Rp (Nsm-3), E 

(N/m2) Young’s modulus, Poisson’s ratio ν, plate dimension a (m), as well as boundary conditions 

 

general model PLATE 1 PLATE 2 PLATE 3 PLATE 4 FRO 

parameters 

M’ 

E 

ν 

a 

boundary conditions 

M’ 

E 

ν 

a 

boundary conditions 

M’ 

E 

ν 

a 

boundary conditions 

M’ 

E 

ν 

a 

boundary conditions 

R’ 

M’ 

Rp 

 

comment 

as entered for thin 

plate 1 except for M’ 

(computed from ρ as 

entered for thin plate 1 

and from d as entered 

for cloth 1) 

as entered for thin 

plate 2 except for M’ 

(computed from ρ as 

entered for thin plate 2 

and from d as entered 

for cloth 2) 

as entered for thin 

plate 3 except for M’ 

(computed from ρ as 

entered for thin plate 3 

and from d as entered 

for cloth 3) 

as entered for thin 

plate 4 except for M’ 

(computed from ρ as 

entered for thin plate 4 

and from d as entered 

for cloth 4) 

 

 

 for (general) model PLATE 1, PLATE 2, PLATE 3 and PLATE 4, boundary conditions are taken into account using 

various models  

 

general model CE SSE 

comment Clamped Edges 
Simply 

Supported Edges 

 

 

series cloth 

Fig. 1.6 
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 for (general) model PLATE 1, PLATE 2, PLATE 3 and PLATE 4, geometry is taken into account using various 

models  

 

general model S SSE 

comment Square 
Rectangular 

Edges 

 

 for (general) model FRO only, using electro acoustic analogies, complementary impedances can be accounted (for 

some predictions to be done in relation with the COomputation of Acoustic LAyers), with respect to the base 

impedance Zbase= R’ (with R’=superficial flow resistance): see fig.1.7 

 a parallel reactance jM’ω (Nsm-3) 

- a parallel resistance (losses due to mounting conditions) Rp’ (Nsm-3) 

                                                                                                                       Particular cases 

 

 

 

 

 

 
 

Note: no influence of the speed of the airflow is taken into account for the computation 

 

Conversion 

factors 

MKS Rayl 

= Nsm-3 
CGS units 

MKS Rayl 

= Nsm-3 
1 10-1 

CGS units 10 1 

 

Step [D] 
 

This step aims at taking into account series perforated protections used in the acoustic structure.  

 

 

 

 

 

 

 

o Bibliography (references) : 

 

[D1]  

[D2] 

- 

 

[D3]  

[D4]  

[D5] 

- 

 

[D6] 

- 

 

[D7]  

[D8] 

- 

 

[D9] 

- 

 

 [D10] 

- 

 

[D11] 

- 

 

[D12] 

- 

 

[D13]  

[D14] 

- 

 

[D15] 

- 

 

[D16] 

- 

- 

 

 

cloth, fabric 

according 

to [C3] 

closed foil 

according 

to [C3] 

Rs’ (Nsm-3) free input ∞ 

Rp’ (Nsm-3) 0 0 

M’ (kg/m2) free input free input 

fig.1.7 

series perforated protection 
Fig. 1.8 
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[D17]  

[D18] 

- 

 

[D19] 

- 

 

[D20]  

[D21] 

- 

 

[D22]  

[D23] 

- 

 

[D24] 

- 

 

[D25]  

 

Comments : 

 

 depending on the used (general) model, some of the following parameters are taken into account in relation with the 

properties of a perforated protection: d (m) diameter of the holes/width of the slits, t (m) thickness, ε open area ratio; 

depending on the used (general) model, various effects are (or are not) taken into account 

 

general model DYM L+C S&C SEL R&M P&M FRO MIX S&C-CF 

parameters 

d 

t 

ε 

d 

t 

ε 

d 

t 

ε 

d 

t 

ε 

d 

t 

ε 
Μ 

d 

t 

ε 
Μ 

d 

t 

ε 
Μ 

d 

t 

ε 

d 

t 

ε 
Μ 

source [D1] [D2][D10] [D22] [D22] [D22] [D23] [D23]  [D22] 

comment 

(general) 

in contact 

with air only, 

holes 

circular only, 

square array 

only 

in contact 

with air only, 

holes 

circular only, 

square array 

only 

in contact 

with air 

only, holes 

circular 

onlyy only 

in contact with air (at 

the front) and with a 

porous layer (at the 

rear) 

in 

contact 

with air 

only, 

holes 

circular 

only 

in contact with air (at 

the front) and with a 

porous layer (at the 

rear) 

in contact with 

a porous layer 

(at the front 

and/or at the 

rear), with 

various 

geometries 

in contact 

with air 

only, holes 

circular 

only 

comment 

regarding the 

porous layer at 

the rear and at 

the front 

  

 of set index <imax, 

even if of thickness 

zero, the nature of 

the porous layer at 

the rear is accounted    

 even if with set index <imax, even if with 

thickness zero, the nature of the porous 

layer at the rear is accounted    

 

comment 

regarding flow  

no flow no flow no flow no flow grazing 

flow 

grazing flow no flow cross flow 

 

 with the general model MIX the effects of the interaction of the perforated protection with a porous layer are taken 

into account by the means of: 

 

 an added length (increasing the mass of the vibrating air in the neck), depending on the geometry of the 

perforation: 

 

    
Circular cross section – 

Orthogonal array 

Circular cross section 

– Hexagonal array 
Square cross section 

Slit-shaped (Linear) 

cross section 

 

Circular cross section – undefined array 

 

Model of added length  C-J&B C-J&C1 C-J&C2 C-F&V C-REY1 C-REY1 C-REY1 

Source [D14] [D15] [D15] [D16] [D21] [D21] [D21] 

Open area ratio ε ? ? ? 0.005 – 0.5 0 – 1 0 – 1 0 – 1 

Polynomial degree for (Φ) ½ 3 3 3 2 with ln 3 3 3 

Multiplication factor for r 8 / (3π) π / 4 0.8216 - π / 4 0.8216 8 / (3π) 

Frequency dependence no no no no no no no 
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Circular cross section – undefined array 

 

Model of added length  C-DYM1 DYM2 

Source [D15] [D15] 

Open area ratio ε 1 1 

Polynomial degree for (Φ) ½ 0 0 

Multiplication factor for r 0.8216 8 / (3π) 

Frequency dependence no no 

 

Circular cross section – Orthogonal array 

 

Model of added length  CO-ALL CO-BER CO-CUM CO-MEC 

Source [D3] [D2] [D6] [D4] 

Open area ratio ε < 0.4 ? ? ? 

Polynomial degree for (Φ) ½ 1 3 0 3 

Multiplication factor for r 0.48 (π) ½ 0.85 
0.668 to 

0.85 
0.79 

Frequency dependence no no no no 

 

Circular cross section – Hexagonal array 

 

Model of added length  CH-CUM CH-MEC 

Source [D6] [D7] 

Open area ratio ε ? ? 

Polynomial degree for (Φ) ½ 0 - 

Multiplication factor for r 
0.668 to 

0.85 
- 

Frequency dependence no yes 

 

Square cross section 

 

Model of added length  Q-ALL Q-F&V 

Source [D3] [D16] 

Open area ratio ε ? 0.005 – 0.5 

Polynomial degree for (Φ) ½ 1 - 

Multiplication factor for w 0.48  - 

Frequency dependence no no 

 

Slit-shaped (Linear) cross section 

 

Model of added length  L-F&V L-MEC1 L-MEC2 L-MEC3 L-MEC4 L-MEC5 L-MEC6 L-MEC7 

Source 
[D16] [D17] [D4] 

[D7] 

[D17] [D4] 

[D7] 

[D17] [D4] 

[D7] 

[D17] [D7] 
[D17] [D7] 

[D17] [D4] 

[D7] 

[D17] [D4] 

[D7] 

Open area ratio ε 0.005 – 0.5 ? ? ? ? ? ? ? 

Frequency dependence no no no no no no no yes 

 

Model of added length  L-MEC8 L-F&L L-GOM L-S&S1 L-S&S2 L-A&L 

Source [D17] [D7] [D11] [D25] [D18] [D18] [D19] 

Open area ratio ε ?   ? ? ? 

Frequency dependence yes yes yes yes yes yes 

Comment 
with rear 

absrber 

   
  

 

 for model DYM, for model L+C: real part of impedance Zbase & imaginary part of impedance Zbase are directly computed, 

regardless of model selected for added length (fig 1.9 applies)                                                                                        

                   

 for model MIX: impedance evaluated by the separate consideration of: 

 -added impedance reflecting interaction with rear layer  

 -impedance reflecting sound propagation inside perforation 

-added impedance reflecting interaction with front layer  
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 for model MIX : added impedance (either rear or front) considering an additional reactance relating to effective density [jωρe] 

and possibly considering an additional term relating to viscosity (then with suffix “+”) [2*Rs] with Rs=0.5(2*ηωρ0)½ 

 

model ROA ROA+ RDE RDE+ ROair ROair+ ZER ZER+ 

source [D7]  [D5]      

effective density of porous media of porous media, but 

only real part 

considered 

of air instead of 

porous media 

ZERo 

comments with additional 

resistance effects 

without additional 

resistance effects 

air considered instead 

of selected porous 

medium for 

neighboring sets 

no interaction (*) 

additional term to reflect 

viscous effects 

no yes no yes no yes no yes 

 

*the model ZER applies notably for modeling a front added length “blown away” by an airflow 

 

 for model MIX : sound propagation inside perforation possibly evaluated by the separate consideration of: 

 -an additional term relating to viscosity (then with suffix “+”) effects [2*t/r*Rs] with Rs=0.5(2*ηωρ0)½ 

 

model PO1 PO1+ PO2 PO2+ PO3 PO3+ PO4 PO4+ 

geometry POint 

effective density simplified (pure 

reactance) 

cascade (using 

COTAN, involving 

impedance at the rear) 

with Bessel functions modeled as an 

equivalent fluid with 

combined dynamic 

tortuosity (accounting 

adjacent porous 

media) 

additional term to reflect 

viscous  

no yes no yes no yes no yes 

 

 

model PO5 PO5+ LIN LIN+ 

geometry POint LINe 

effective density mix of low frequency 

& high frequency 

approximations 

avoiding Bessel 

functions 

using TH 

additional term to reflect 

viscous effects  

no yes no yes 

 

 simplified tunnel model is appropriate in case of thickness of the perforated sheet sufficiently low (simplified tunnel model not 

based on the comprehensive calculation using cascade). Simplified tunnel model is used in [D3], [D4], [D5], [D7] 

 
 no influence of the speed of the airflow is taken into account for the computation (except * above)  

 
 using electro acoustic analogies, complementary impedances can be accounted (for some predictions to be done in relation with 

the COmputation of Acoustic LAyers) with respect to the base impedance Zbase: see fig.1.9 

 

- a parallel reactance jM’’ω (Nsm-3) 

- a parallel resistance (losses due to mounting conditions) Rp’’ (Nsm-3)                                                                                                       

 
                  Note: the recourse to a complementary parallel reactance jM’’ω and to a complementary parallel resistance (losses 

due to mounting conditions) Rp’’ can be envisaged in order to try to improve all general models listed above 

 

        Particular cases 

 
Special 

cases 

often (in case of pure models of added length among 

those listed above) 

Rp'’ (Nsm-3) free input ∞ 

M’ (kg/m2) free input ∞ 

 

 
 

fig.1.9 
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 in a special version of the software, in case of grazing flow and/or high sound level, a dedicated consideration is foreseen: 

 

o Bibliography (references) : 

 
[D’1] 

- 

- 

 

[D’2] 

- 

 

[D’3]  

[D’4] 

- 

 

[D’5] 

- 

- 

- 

 

[D’6] 

- 

- 

 

[D’7] 

- 

 

[D’8] 

- 

- 

 

 

 

 
 

 

 

 

 

 
 in a special version of the software,in case of grazing flow, a dedicated consideration is foreseen: 

 
 in case of grazing flow a series resistance for grazing flow Re(Zgf) is accounted according to various models as shown in the 

tables below (Mgf being the mach number relating to grazing flow): 

 
model E&B CJH ZER 

source 
[D’1] [D’2] 

[D’3] [D’4] 
[D’5] - 

comments 

Re(Zgf) =  A 

* (1- Φ2 * B ) 

/ Φ * Mgf * 

Z0 

Re(Zgf) 

depending 

on Strouhal 

number 

relating to 

hole 

diameter 

ZERo series 

resistance 

warning 
ZER mandatory in case of general model 

MIX\PO4 

 
 in case of grazing flow a series reactance for grazing flow Im(Zgf) accounted according to various models as shown in the 

tables below (Mgf being the mach number relating to grazing flow): 

 
model E&B CJH GUE ZER 

source 
[D’1] [D’2] 

[D’3] [D’4] 
[D’5] 

 

[D’2] 
- 

comments 

Im(Zgf) =  

A’ * (1- Φ2 * 

B’ ) / Φ * 

Mgf * Z0 

Im(Zgf) 

depending 

on Strouhal 

number 

relating to  

hole 

diameter 

Im(Zgf) 

depending 

on Mgf 
ZERo series 

reactance 

warning 
ZER mandatory in case of general model MIX\PO4 
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 in case of grazing flow a resistivity variation for grazing flow for general model MIX\PO4) derived from Re(Zgf) is 

accounted according to various models as shown in the tables below (Mgf being the mach number relating to grazing flow): 

 
model E&B CJH NAT 

source 

[D’1] [D’2] 

[D’3] [D’4] 

[D’6] [D’7] 

[D’8]  

[D’5] [D’6] 

[D’7] [D’8] 
- 

comments 

Re(Zgf) =  A 

* (1- Φ2 * B ) 

/ Φ * Mgf * 

Z0 

Re(Zgf) 

depending 

on Strouhal 

number 

relating to 

hole 

diameter 

ZERo 

variation 

warning 
NAT mandatory in case of grazing flow 

combined with high sound level 

 

 in case of grazing flow a tortuosity variation for grazing flow for general model MIX\PO4) derived from Im(Zgf) 

accounted according to various models as shown in the tables below (Mgf being the mach number relating to grazing flow): 

 
model E&B CJH GUE NAT 

source 

[D’1] [D’2] 

[D’3] [D’4] 

[D’6] [D’7] 

[D’8] 

[D’5] [D’6] 

[D’7] [D’8] 

 

[D’2] 
- 

comments 

Im(Zgf) =  

A’ * (1- Φ2 * 

B’ ) / Φ * 

Mgf * Z0 

Im(Zgf) 

depending 

on Strouhal 

number 

relating to 

hole 

diameter 

 

Im(Zgf)  

depending 

on Mgf 
ZERo 

variation 

warning 
NAT mandatory in case of grazing flow combined with high 

sound level 

 
 in a special version of the software, in case of grazing flow and/ high sound level, a dedicated consideration is foreseen: 

 
 in case of grazing flow a series resistance for grazing flow combined with high sound level for general model MIX) 

derived from Re(Zgf) is accounted according to various models as shown in the tables below (Mgf being the mach number 

relating to grazing flow): 

 
model E&B CJH ZER 

source 
[D’1] [D’2] 

[D’3] [D’4] 
[D’5] - 

comments 

Re(Zgf+) =  

A * (1- Φ2 * 

B ) / Φ * 

Mgf * Z0 

Re(Zgf+) 

depending 

on Strouhal 

number 

relating to 

hole 

diameter 

ZERo series 

resistance 

 
 in case of grazing flow a series reactance for grazing flow combined with high sound level for general model MIX)  

derived from Im(Zgf) accounted according to various models as shown in the tables below (Mgf being the mach number 

relating to grazing flow): 

 
model E&B CJH GUE ZER 

source 
[D’1] [D’2] 

[D’3] [D’4] 
[D’5] 

[D’2] 
- 

comments 

Im(Zgf) =  

A’ * (1- Φ2 * 

B’ ) / Φ * 

Mgf * Z0 

Im(Zgf) 

depending 

on Strouhal 

number 

relating to 

hole 

diameter 

 

Im(Zgf) 

depending 

on Mgf 
ZERo series 

reactance 
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 in a special version of the software, in case of high sound level, a dedicated consideration is foreseen: 

 
 in case of high sound level, sound pressure level SPL is accounted according to various models as shown in the tables below: 

 
model INC TOT 

source [D’2] [D’2] 

comments 

considering 

pi (i.e. 

without 

sound 

reflections) 

Considering 

p (i.e. with 

sound 

reflections) 

 

 
 

 in case of high sound level, 1/3 oct spectrum model (i.e. 1/3 octave band spectrum model) is accounted according to various 

models as shown in the tables below: 

 
model SS WN SPE 

source Sine Swept White Noise Special 

comments 

relating to 

1/3 oct  

a single 

value of SPL 

(derived 

from 1/21 

single value, 

which is an 

input data) is 

displayed in 

worksheet 

COALA as 

an ouput 

data 

a single 

value of SPL 

(derived 

from 

broadband 

limits, 

broadband 

frequency 

step, SPL 

LIN value,  

which are 

input data) is 

displayed in 

worksheet 

COALA as 

an ouput 

data 

SPL 1/3 oct 

value are 

input data 

comments 

relating to 

1/3 oct 

(SPL 1/3 oct are not 
considered for calculations) 

SPL 1/3 oct 

are 

considered 

for 

calculations) 

Comments 

relating to 

1/21 oct 

a single 

value of SPL 

1/21 oct 

(which is an 

input data) is 

considered  

a single 

value of 

SPL1/21 oct 

(derived 

from 

broadband 

limits, 

broadband 

frequency 

step, SPL 

LIN value,  

which are 

input data) 

is considered 

SPL1/21 oct 

derived from 

SPL 1/3 oct, 

considering 

model of 

weighting 

for 

calculation 

of SPL 1/21 

oct from 

SPL 1/3 oct 

being either 

FIX or VAR 

(cf. next §) 

 

 

 

 

fig.1.9’ 
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 in case of high sound level, weighting for calculation of SPL 1/21 oct from SPL 1/3 oct for 1/3 oct spectrum model SPE is 

accounted according to various models as shown in the tables below: 

 
model FIX VAR 

source FIX VARiable 

comments 

relating to 

1/21 oct  

considering 

a fix (single) 

value of SPL 

1/21 oct 

within a 

given 1/3 oct 

band 

considering 

value of SPL 

1/21 oct 

growing 

with 

frequency 

within a 

given 1/3 oct 

band 

 

 in case of high sound level, excitation is accounted according to various models as shown in the tables below: 

 
model SS BB L&A 

source Sine Swept BroadBand 

[D’6] not 

fully 

developed at 

the time of 

writing of 

this report 

comments 

for each 

frequency 

particle 

velocity 

basing non-

linear 

resistance 

evaluation 

based on 

single value 

of particle 

velocity 

particle 

velocity 

basing non-

linear 

resistance 

evaluation 

based on rss 

value of 

particle 

velocity 

? 

 
 in case of of high sound level, LPC (i.e. Linear Predictive Coding) for particle velocity (for excitation model SS) is 

accounted according to various models as shown in the tables below: 

 
model LPC1 LPC2 ZER 

source - - - 

comments 

relating to 

the iterations 

for the 

caluculation 

of particle 

velocity & 

impedance 

for start value (and with the 

noticeable exceptions of the 2 

lowest frequencies of the 1/21 

oct progression), particle 

velocity for frequency i 

computed from values of 

particle velocity for 

frequency i-1 & i-2 
no LPC 

comments always 

only when 

the result of 

computation 

based on 

LPC1 is >0 
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 in case of high sound level, series resistance for high sound level is accounted according to various models as shown in the 

tables below (Mhspl being the mach number relating to high sound level): 

 

 

 
 in case of grazing flow a series reactance for high sound level is accounted according to various models as shown in the 

tables below (Mhspl being the mach number relating to high sound level): 

 
model ING+ GUE ZER 

source 
[D’1] to 

[D’8] 

[D’1] to 

[D’8] 
- 

comments 

Re(Zhspl) =  

A * (1- Φ2 * 

B ) / Φ * (1 – 

C * St/2π) 

Mhspl * Z0 

Im(Zgf)  

depending 

on Mgf and 

added 

impedances 

ZERo series 

impedance 

warning 
ZER mandatory in case of general model 

MIX\PO4 

 
 in case of high sound level, resistivity variation for high sound level (general model MIX\PO4) is accounted according to 

various models as shown in the tables below (Mhspl being the mach number relating to high sound level): 

 
model DYM ING ING+ PAR PAR- NAT 

source 
[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 
- 

comments 

Re(Zhspl) =  

√2 / Φ * 

Mhspl  

Re(Zhspl) = 

√2 * (1- Φ2 ) 

/ Φ  * Mhspl 

Re(Zhspl) =  

A * (1- Φ2 * 

B ) / Φ * (1 – 

C * St/2π) 

Mhspl * Z0 

Re(Zhspl 

based on Φ 

and on ratio 

of hole 

diameter to 

plate 

thickness 

as per model 

PAR, 

without 

accounting a 

√2 factor 

ZERo 

variation 

warning 
grazing flow combined with high sound level accounted depending on selected model for 

grazing flow 

 
 in case of grazing flow tortuosity variation for high sound level (general model MIX\PO4) is accounted according to 

various models as shown in the tables below (Mhspl being the mach number relating to high sound level): 

 
model ING+ GUE ZER 

source  - - 

comments 

Re(Zhspl) =  

A * (1- Φ2 * 

B ) / Φ * (1 – 

C * St/2π) 

Mhspl * Z0 

Im(Zgf)  

depending 

on Mgf and 

added 

impedances 

ZERo 

variation 

warning 

grazing flow combined with high sound level 

accounted depending on selected model for 

grazing flow 

 

 
 

 

 

 

 

 

model DYM ING ING+ PAR PAR- ZER 

source 
[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 

[D’1] to 

[D’8] 
- 

comments 

Re(Zhspl) =  

√2 / Φ * 

Mhspl  

Re(Zhspl) = 

√2 * (1- Φ2 ) 

/ Φ  * Mhspl 

Re(Zhspl) =  

A * (1- Φ2 * 

B ) / Φ * (1 – 

C * St/2π) 

Mhspl * Z0 

Re(Zhspl 

based on Φ 

and on ratio 

of hole 

diameter to 

plate 

thickness 

as per model 

PAR, 

without 

accounting a 

√2 factor 

ZERo series 

impedance 

warning ZER mandatory in case of general model MIX\PO4 
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 in case of high sound level, weighting for calculation of rss value of particle velocity (model BB) is accounted according to 

various models as shown in the tables below: 

 
model RSS1 RSS2 

source 
[D’6] [D’7] 

[D’8]  
 

comments 

based on an 

arithmetic 

progression 

(i.e. with fix 

frequency 

increment) 

based on a 

geometric 

progression 

in 1/21 oct 

 
 the calculation is based on the following steps: 

 

 
 

 in case of general model DYM, L&C, S&C, SEL, R&M, P&M, FRO, S&C-CF, the following selection of 

input data are recommended: 

 

o radiation resistance model ZER 

o model of series resistance for grazing flow ZER 

o model of series reactance for grazing flow ZER 

o model of series resistance for high sound level ZER 

o model of series reactance for high sound level ZER 

 
 in case of general model MIX\PO1, MIX\PO1+, MIX\PO2, MIX\PO2+, MIX\PO3, MIX\PO3+, MIX\PO5, 

MIX\PO5+, the following selection of input data are recommended: 

 

o radiation resistance model FREELY SELECTED IN DROPDOWN MENU 

o model of series resistance for grazing flow FREELY SELECTED IN DROPDOWN MENU 

o model of series reactance for grazing flow FREELY SELECTED IN DROPDOWN MENU 

o model of series resistance for high sound level FREELY SELECTED IN DROPDOWN MENU 

o model of series reactance for high sound level FREELY SELECTED IN DROPDOWN MENU 

 

 in case of general model MIX\PO4, MIX\PO4+, the following selection of input data are recommended: 

 

o radiation resistance model ZER 

o model of series resistance for grazing flow ZER 

o model of series reactance for grazing flow ZER 

o model of series resistance for high sound level ZER 

o model of series reactance for high sound level ZER 
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Step [E] 
 

This step aims at predicting the surface impedance of a multilayered acoustic structure (including porous media, series 

cloths and series perforated protections with a back selected in a way appropriate for the considered simulation).  

 

o Bibliography (references) : 

 

[E1]  

[E2]  

[E3]  

 

o Comments : 

 

It has been taken into account: 

 

 that the most sophisticated lining of interest for the applications foreseen at ITS (or elsewhere) consists of a 4 layers 

filling (see report [PhRxx-006x]):  

 

- 2 layers of porous media  

- 1 layer of cloth  

- 1 layer of perforated sheet (being presently with diameter of holes 3mm in a hexagonal array with a perforation rate 

of 32 % thickness 1.5mm) 

 

 the rear boundary condition for the arrangement of materials of interest for the COmputation of DIssipative 

Silencers: 

 

- either considered without a symmetry plane opposite to the airway side (case of a lining with an impervious 

rigid back) 

- or considered with a symmetry plane opposite to the airway side (case of a 1/2 splitter, requiring sometimes for 

field applications a sufficiently thick rigid centre plate implicitly supposed to be added to the real construction 

when required despite the lack of more explicit corresponding information in the present document), with an 

equivalence of this configuration to the previously mentioned one      

  
 possible other useful arrangements of materials (for other predictions to be done in relation with the COmputation of 

Acoustic LAyers, not only in the context of COmputation of DIssipative Silencers) 

 

Consequently (see figure 1.10 below, taking into account the present status of implementation of the software): 

 

 a variable (from 1 to 4) number of sets of elements is considered for the computation, the sets being indexed from an 

impervious rigid back to the front (airway side): 1 to 4  

 

 

 

 

 

 

 

 

 

         
 

 

 

 each set consists (from the rear to the front) of up to 1 porous medium, up to 1 series cloth and up to 1 series 

perforated protection (the “series” concept being in relation with electro-acoustic analogies basing equivalent 

network):  see figure 1.11 below. 
 

 

 

 

 

 

 

 

 

 

       

 

fig. 1.10 

fig. 1.11 

                     set 4                                          set 3                                          set 2                                          set 1                    

  set 1 to 4: zoom                                          

porous medium 

series cloth 

series perforated protection 

symetry plane / impervious rigid back 
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 the surface impedance of the acoustic structure with an impervious rigid back is calculated above the set  imax: the 

COmputation of  the DIssipative Silencer is performed for an acoustic structure (with an impervious rigid back) including sets 

from 1 to imax (with 1 ≤ imax ≤ 4)  

 

The less complicated models available for taking into account the physical properties of a porous medium are based on the 

hypothesis of  homogeneity in directions parallel to and perpendicular to the surface of the material (i.e. same properties in 

directions x, y and z). But some porous media (including some stone wools, some glass wools) are known to be non 

homogeneous in directions parallel to and perpendicular to the surface of the material having  (in particular) an airflow 

resistivity normal to laminae of fibers σN  and an airflow resistivity parallel to laminae of  fibers σP that can notably differ (with 

σP  reaching only 0.5*σN sometimes). So, in this case, the airflow resistivity of a material non homogeneous in directions 

parallel to and perpendicular to its surface that would be known only thanks to a measurement normal to laminae of  fibers (as 

often carried out) may be insufficiently known (for some design applications): for example the (sometimes useful) average 

value 0.5*(σN+σP ) would be only 0.75*σN with a ratio σP/σN of  0.5). This (a difference along the direction normal or parallel to 

the laminae) is also the case for other properties of numerous materials. 

 

In the software SILDIS, a possible inhomogeneity in directions parallel to and perpendicular to its surface (i.e. different 

properties - depending on the used model - in directions x and y) is considered (for the routine COmputation of DIssipative 

Silencers) for the porous medium of set 1 (porous media for sets 2 to 4 being considered homogeneous in directions parallel to 

and perpendicular to the surface). 

 

Note 1: each layer is assumed to not be glued to another 

 

Note 2: concerning  the perforated protection of the set i, the porous medium taken into account with the models of added 

impedance ROA and RDE is: 

 

 at the rear: the porous medium of set i 
 at the front: the porous medium of set i+1 if i<4 (even if i+1>imax: the selection of a reference different of AIR for the 

porous media of set i such as i>imax is highly discouraged) or the front atmosphere if i=4  

 

Note 3: the use in practical cases (and the corresponding prediction of performance) of a perforated protection in contact with 

something else than a porous medium (that can be air at the front or a thin wire mesh spacer at the rear in some cases) is highly 

discouraged 

 

 for the total thickness of the acoustic structure d the following formula apply:                   

                                
 

 
 

   
                                
 

 

di (resp. d’i and d’’i) = thickness of the porous medium (resp. the series cloth and the series perforated protection) of set i 

I’i (resp.Id’’i) = 0 or 1 depending on the incorporation (or not) of the considered element of set i in the acoustic structure 

(omitted in the worksheets displays of the software for the sake of simplicity) 

 

Note: this formula is compatible with the definition of d given in § 1.1) 

 

Step [F] 
 

This step aims at calculating the propagation loss with flow of the silencer.  

 

 

o Bibliography (references) : 

 

[F1]  

[F2] 

- 

 

[F3] 

- 

 

[F4]  

[F5]  

 

o Comments : 

 

         The following governing equation is considered for the free duct (with notations adapted from various sources: will be 

specified on the occasion of a future revision of this user’s manual): 

 

Δ  -                                  p(x,y,t) = 0 

 
) 

 

∑ 

i = 1           

imax 

  d = di      + ∑ 

i = 1           

imax 

∑ 

i = 1           

imax 

I’’i * d’’i     I’i * d’i    + 

1 

c0
2 

D2 

Dt2 ( 
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Where 

 

c0: (adiabatic) velocity of sound (ms-1) 

p: pressure (Pa) 

t: time (s) 

 

Δ     =                +                   

 

  

        =   c0 [jk0  + M              ]  with 

 

 conditions of the propagation of sound inside the absorbing material (for dissipative silencers) 

 

- a sound propagation exists in the lining of a dissipative silencer, in a direction y (taken into account in the 

software SILDIS), depending on σy that is the flow resistance of the lining in the direction y : the attenuation of  

a dissipative silencer is always depending on this phenomenon (not only sometimes) 

- without transverse very thick metal sheets (with a very short distance between them: below 1/4 (maybe 1/6 ?) of 

the wavelength corresponding to the frequency of interest) acting as partitions, a sound propagation exists in the 

lining, in a direction x, depending on σx that is the flow resistance of the lining in the direction x. Consequently, 

the following cases are of interest: σx1/σy1=∞ (absorber locally reacting) (*), σx1/σy1=1 (absorber bulk 

reacting), σx1/σy1=variable being the general case including the previous cases 

 

* the case of an axial wave propagation inhibited by transverse very thick metal sheets (with a very short 

distance between them) acting as partitions is also referred to as σx1/σy1=∞ whatever the properties of the 

absorber are 

 

 complementary definitions in relation with the cross section of the silencer 

 

- the total number ξ of cloths and perforated protections accounted as porous media i.e. not accounted as series 

cloth (resp. series perforated protections) using electro acoustic analogies is considered: 

 

 with an “old school” approach, ξ=0 (since cloths and perforated protections are accounted exclusively as 

series cloths and series perforated protections using electro acoustic analogies)  

 with a “new wave” approach, ξ≠0 (possibly): if some cloths or some perforated protections are (in some 

cases) accounted as porous media 

                                    

                        -     consequently, the following definitions apply: 

 

ilim: limit set index (indeed: limit between dlocal and hlocal: see below) with 1≤ ilim ≤ imax 
 

 with an “old school” approach, ilim = imax  

 with a “new wave” approach, ilim has to be selected (by the user) such as ilim = imax- ξ 

 

                                           

 
        dlocal: such as                         

                                
 

 
 
dbulk: such as dbulk = d1 (thickness of porous medium of  set 1) 

 

Numerical application: for a dissipative silencer with a rectangular cross section having rectangular 

splitters of thickness 2d such as 2d-2d’1=200mm made of one porous medium with a cloth of thickness 

d’1=5/100 mm 

 

 with an “old school” approach: imax=1;ξ=0; ilim=1;dlocal=200mm  

 with a “new wave” approach: imax=2;ξ=1; ilim=1;dlocal=200mm 

 
                        -     the following definitions also apply in case of rectangular dissipative silencers and in case of mounting Q: 

 
hlocal  = d + h – dlocal ; hbulk = d + h – dbulk  

 
-     the following definitions apply in case of round dissipative silencer without a central pod (mounting C0): 

 

alocal  = d + a – dlocal ; abulk = d + a – dbulk  
 

                        -     the following definitions also apply in case of mounting RPTL, RPTL’’ 

 

Hslocal  = d + Hs – dlocal ; Hsbulk = d + Hs – dbulk  
 

i = 1           

∑ 

ilim 

dlocal = di       with di  = thickness of the porous medium of set i 

 

∂2 

∂x2 
∂2 

∂y2 

D 

Dt 
∂ 

∂x 

k0: wave number (rad/m) 

M: Mach number 
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 determination of the propagation loss  

 

The propagation loss (Da in dB/m) is basically computed at frequency steps of 1/21 octave (then averaged per 1/3 

octave frequency band) for the fundamental mode (being considered as the least attenuated mode), the cut off 

frequency for the first higher mode fco depending on the speed of sound c, the Mach number in the airways M, and 

the geometry of the duct (see [F5]) 

 

 for the mountings R,R’, fco = 0.5 * c0 / max [B,H] * (1- M2)0.5   
 for the mounting C1 (resp. C2), fco = 0.586 * c0 / D’1 * (1- M2)0.5 resp. fco = 0.586 * c0 / D’2 * (1- M2)0.5 

In case of an area of the duct above and below the silencer A equal to the area of the overall section of the 

silencer Af, D’1=D1 else D’1=D1-2d (resp. D’2=D2 else D’2=D2-2d) 

 

 for the mountings Q, fco = 0.5 * c0 / Q’ * (1- M2)0.5  In case of an area of the duct above and below the 

silencer A equal to the area of the overall section of the silencer Af, Q’=Q else Q’=Q-2d 

 

 for the mounting C0, fco = 0.586 * c0 / D’0 * (1- M2)0.5  In case of an area of the duct above and below the 

silencer A equal to the area of the overall section of the silencer Af, D’0=D0 else D’0=D0-2d 

 

The determination of the propagation loss is done (depending on the choice of the user) for one among the following 

cases,  
 

σx1/σy1=∞ (absorber locally reacting), depending on dlocal and hlocal (resp. alocal for mounting C0) 
σx1/σy1=1 (absorber bulk reacting), depending on dbulk and hbulk (resp. abulk for mounting C0) 

σx1/σy1=variable (for an inhomogeneous absorber in directions parallel to and perpendicular to its surface 

including the cases of an absorber locally reacting and the case of an absorber bulk reacting with appropriate 

values of σx1/σy1), depending on dbulk and hbulk (resp. abulk for mounting C0) 
 

o particular case for imax=1 (i.e. only one porous medium in the lining), σx1 (resp. σy1) being the flow 

resistivity of the porous medium of set 1 in the x (resp. y) direction:  

 

For the case σx1/σy1=1 and for the case σx1/σy1=variable, a minimum flow resistance r>rmini is 

required with r = σy1*d1/Z0 (d1 being the thickness of the porous medium of set 1, Z0 being the 

characteristic impedance of air). Otherwise some important discontinuities may appear in the curves 

showing the propagation loss, and some accuracy of some displayed results may be anticipated: attention 

has to be paid that no such important discontinuity occurs this will be detailed in a future revision of the 

user’s manual (perhaps) 

 

o particular case for imax>1 (i.e. more than one porous medium in the lining) 

 

For the different mountings, the determination of the propagation loss can be done for the following cases, 
σxi (resp. σyi) being the flow resistivity of the porous medium of set i in the x (resp. y) direction: 

 

 σx1/σy1=∞ (absorber locally reacting) and σxi/σyi=∞ for i>1 (absorbers locally reacting), depending on 

dlocal and hlocal (resp. alocal for mounting C0) 
 σx1/σy1=1 (absorber bulk reacting), and porous media of sets with i>1 accounted as series porous media 

(i.e. porous media acting as series impedances: see remark and fig. 1.9 below) depending on dbulk and 

hbulk (resp. abulk for mounting C0) 

 σx1/σy1=variable (inhomogeneous absorber in directions parallel to and perpendicular to its surface 

including the case of an absorber locally reacting and the case of an absorber bulk reacting with 

appropriate values of σx1/σy1), and porous media of sets with i>1 accounted as series porous media (i.e. 

porous media acting as series impedances: see remark and fig. 1.9 below) depending on dbulk and hbulk 
(resp. abulk for mounting C0) 

 

Remark: the conditions of the propagation of sound inside an absorbing material are considered only with 

respect to a single (given) porous medium. For σx1/σy1=1 or σx1/σy1=variable, the other layers (whatever 

they are, if different of the porous of set1) have consequently to be taken into account (using the electro 

acoustic analogies) as series impedances. Consequently, porous media of sets i>1 are turned into series 

impedances in the following way: the surface impedance obtained above the porous medium of set 1 is 

substracted to the surface impedance above set imax in order to get a series impedance that can be added 

to the 4-pole consisting of the porous medium of set 1 (see fig 1.12 below) 
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The determination of the propagation loss requires that a transcendental equation with the form f(z) = 0 is solved, for 

the derivation of z = E 1/2 with E = (εyh) 2 where εy is the y-component of the wave number in airway h, relating to the 

propagation constant Γx abbreviated Γ. Such a determination is possible with SILDIS by the means of 2 methods: either with an 

expansion or with an iteration. In what follows, U &V are special absorption functions to be considered depending on the 

context, C is a term relating to Zséries, K = 1 – ( Γay / Γax) 2 , V’ is combining E, V and K 

 

 
Except for CODIS 4, Without flow, with an expansion 

 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Computation 

scheme 

Direct 

omputation for 

all frequencies 

Computation involving 2 starting values at low frequency E1 & E2, and involving a 

predicted value Epi for Ei, i>2 

 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model for 

starting 

values E1 

& E2 

 

Not applicable 

B1 

B1* 

B2 

B2* 

L BA 

BA* 

BI L 

 

Comment 

 

- 

Considering 

Bulk 

absorber ; 

based on a 

quotient 

involving U 

& V ; 

where 

applicable, 

facing is 

accounted 

Considering 

Bulk 

absorber ; 

based on a 

2nd degree 

equation 

involving U 

& V ; 

facing is 

not 

accounted 

Using 

Local 

absorber 

solutions 

(either 

obtained 

with an 

expansion, 

or 

obtained 

with an 

iteration) ; 

where 

applicable, 

facing is 

accounted 

Using Bulk 

Anisotropic  

absorber ; ; 

based on a 

quotient 

involving 

U & V’ ; 

where 

applicable, 

facing is 

accounted 

Using 

Bulk 

Isotropic  

absorber 

solutions 

(either 

obtained 

with an 

expansion, 

or 

obtained 

with an 

iteration)  

Using 

Local 

absorber 

solutions 

(either 

obtained 

with an 

expansion, 

or 

obtained 

with an 

iteration) ; 

where 

applicable, 

facing is 

accounted 

Comment  B1* to be 

used 

instead of 

B1 when 

d/h=0 or 

U=0 or C=0 

B2* to be 

used 

instead of 

B2 when 

d/h=0 or 

6+d/h*U=0 

or C=0 

 BA* to be 

used 

instead of 

B1 when 

d/h=0 or 

U=0 or 

C=0 or 1-

K=0 

  

 

 

 

 

 
 

 

 

 

 

                                                         acoustic structure                                                            acoustic structure                 

Fig. 1.12 

 

 
 

 

Set4 
 

 

 
 

 

Set3 
 

 

 
 

 

Set2 
 

 

 
 

 

Set1 
 

 

 

 

porous 

medium 

of set1 

 
 

 

Series 

impedance 
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 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model for 

predicted 

value Epi, 

i>2 

 

Not applicable 

 

i-1 

 

i-1&i-2 

 

i-1&i-2+ 

 

i-1 

 

i-1&i-2 

 

i-1&i-2+ 

Comment - Using the 

solution 

Ei-1 

obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

; averaged 

Using the 

solution 

Ei-1 

obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

; averaged 

 

Except for CODIS 4, Without flow or with flow, with an iteration 
 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Computation 

scheme 

Computation involving 2 starting values at low frequency E1 & E2, and involving a predicted value Epi 

for Ei, i>2 

 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model for 

starting 

values E1 & 

E2 

L M H Not applicable 

 

Comment 

Based on 

a direct 

evaluation 

involving 

jU 

Based on 

a 

quotient 

involving 

jU 

Based on 

a 2nd 

degree 

equation 

involving 

jU 

Considering solutions obtained with an expansion 

 

 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model 

for 

predic

ted 

value 

Ei, 

i>2 

EXP ITEi-

1 

ITEi-

1&i-2 

ITEi-

1&i-

2+ 

EXP ITEi-

1 

ITEi-

1&i-2 
ITEi-

1&i-

2+ 

EXP ITEi-

1 
ITEi-

1&i-2 
ITEi-

1&i-

2+ 

Comm

ent 

Using 

the 

solutio

n 

obtain

ed 

with 

an 

expans

ion 

Usin

g the 

soluti

on 

Ei-1 

obtai

ned 

with 

an 

iterati

on 

Using 

the 

soluti

ons 

Ei-1 

& Ei-

2 

obtain

ed 

with 

an 

iterati

on 

the 

soluti

ons 

Ei-1 

& Ei-

2 

obtain

ed 

with 

an 

iterati

on ; 

avera

ged 

Using 
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solutio

n 
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ed 

with 

an 

expans

ion 

Usin
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soluti

on 

Ei-1 

obtai

ned 

with 

an 

iterati

on 

Using 

the 

soluti

ons 

Ei-1 

& Ei-

2 
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ed 
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an 

iterati

on 
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soluti
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Ei-1 
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an 
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ed 
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an 

expans
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on 
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ned 
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an 
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ed 
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an 
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on 
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& Ei-
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an 

iterati
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Except for CODIS 4, With flow, with an expansion 

 

 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Computation 

scheme 

Computation involving 2 starting values at low frequency E1 & E2, and involving a predicted value Epi 

for Ei, i>2 

 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model 

for 

starting 

values 

E1 & 

E2 

L M H B1 

B1* 

B2 

B2* 

L BA 
BA* 

BI L 

 

Comme

nt 

Based 

on a 

direct 

evaluati

on 

involvin

g jU 

Based 

on a 

quotient 

involvi

ng jU 

Based 

on a 2nd 

degree 

equatio

n 

involvi

ng jU 

Consideri

ng Bulk 

absorber ; 

based on 

a quotient 

involving 

U & V ; 

where 

applicable

, facing is 

accounted 

Consideri

ng Bulk 

absorber ; 

based on 

a 2nd 

degree 

equation 

involving 

U & V ; 

facing is 

not 

accounted 

Using 

Local 

absorber 

solutions 

(either 

obtained 

with an 

expansio

n, or 

obtained 

with an 

iteration) 

; where 

applicabl

e, facing 

is 

accounte

d 

Using 

Bulk 

Anisotrop

ic  

absorber ; 

; based 

on a 

quotient 

involving 

U & V’ ; 

where 

applicabl

e, facing 

is 

accounte

d 

Using 

Bulk 

Isotropic  

absorber 

solutions 

(either 

obtained 

with an 

expansio

n, or 

obtained 

with an 

iteration)  

Using 

Local 

absorber 

solutions 

(either 

obtained 

with an 

expansio

n, or 

obtained 

with an 

iteration) 

; where 

applicabl

e, facing 

is 

accounte

d 

Comme

nt 

 B1* to be 

used 

instead of 

B1 when 

d/h=0 or 

U=0 or 

C=0 

B2* to be 

used 

instead of 

B2 when 

d/h=0 or 

6+d/h*U=

0 or C=0 

 BA* to 

be used 

instead of 

B1 when 

d/h=0 or 

U=0 or 

C=0 or 1-

K=0 

  

 
 
 σx1/σy1=∞ σx1/σy1=1 σx1/σy1=variable 

Model for 

predicted 

value Epi, 

i>2 

 

Not applicable 

 

i-1 

 

i-1&i-2 

 

i-1&i-2+ 

 

i-1 

 

i-1&i-2 

 

i-1&i-2+ 

Comment - Using the 

solution 

Ei-1 

obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

; averaged 

Using the 

solution 

Ei-1 

obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

Using the 

solutions 

Ei-1 & Ei-

2 obtained 

with an 

expansion 

; averaged 

 

 influence of air flow 
 

The presence of airflow modifies the propagation loss: the computation is done with the hypothesis of a uniform air flow 

(supposed to not be rotational). Concerning flow rates and air speeds: a positive value is related to a direction of airflow 

equal to the direction of propagation of sound, a negative value is related to a direction of airflow opposite to the direction 

of propagation of sound 
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Step [G] 
 

This step aims at taking into account a bypass correction (i.e. a limitation of the propagation loss in case of a length of the 

silencer over 1m: indeed, compared with the estimation obtained with an hypothesis of proportionality of the performance to the 

length of the silencer, in order to predict an insertion loss).  

 

o Bibliography (references) : 

 

[G1] 

- 

 

[G2] 

- 

 

[G3]  

 

o Comments : 

 

The bypass correction (Dc in dB) is basically computed at frequency steps of 1/3 octave: 

 

for L≤1m: Dc = 0 and for L>1m: Dc = ∆D * ( 1 – L ) with ∆D in dB/m 

 

 general case 
 

An extrapolation of the original value of ∆D mentioned in [G1] is used for SILDIS, allowing calculations in an 

extended range of values of σy1 for values of Λ=d/h to be précised on the occasion of a future revision of this user’s 

manual  

 

Note 1: the data pool used for the determination of the original value of ∆D mentioned in [G1] is related to splitters 

filled with 1 porous medium with a flow resistivity σx1 =? σy1 from 9 to 15 kNsm-4: no influence of the speed of the 

airflow seems to be taken into account for the computation, no influence of a series cloth seems to be taken into 

account for the computation, no influence of a series perforated protection seems to be taken into account for the 

computation 

Note 2: in [G3] is mentioned for [G2] basing [G1] complementary information. The data pool used for ∆D is related 

to splitters “in 1 piece” with a thickness 2d=0.1 or 2d=0.2 m with Λ=d/h=0.5 to 4 

 

Model FRO ZER 

Bypass correction as above no limitation 

 

*although at the time of the present user’s manual the conditions of the measurement of the data pool 

([G1],[G2]) are not known with accuracy, one can consider that: Dk = Dk1 + Dk2 (the 2 terms being presently 

not known separately) with: 

 

 Dc1 to be accounted for the vibration transmission along the duct wall, for the sound transmission over the 

duct wall, for the vibration transmission along the splitter frame (as described in [G1] and for the 

imperfection of the interface between the lining and the duct 

 Dc2 to be accounted for the inhomogeneity of the used absorber in directions parallel to and perpendicular 

to its surface: a unique model is used for taking into account the limitation of propagation whatever 

σx1/σy1 is (may be that this correction should be used only in the case of an inhomogeneous absorber in 

directions parallel to and perpendicular to its surface when the hypothesis σx1/σy1=1 is used for the 

computation).  

For those reasons, the value obtained by the means of the unique model FRO has to be considered as a typical 

general estimation of the limitation of the propagation loss useful when no accurate regression is available for a 

silencer with a particular filling and particular modalities of construction (this is often the case) 

 

 particular cases: 

 

- for the mounting R’’, the bypass correction is supposed (in all cases) to be equal to the bypass correction 

calculated for the mounting R (all things being also equal) 

 

- for the mounting C1,C2, the bypass correction is supposed to be equal to the bypass correction calculated for 

the mounting R under the condition of an equal speed in the airways (all things being also equal) 

- for the mounting Q, C0, the bypass correction (normalized to Da) is extrapolated from the bypass correction 

calculated for mounting R under the condition of an equal ratio d/h  

 

- for the mounting RPTR’’ (resp. RPTL’’), the bypass correction is supposed (in all cases) to be equal to the 

bypass correction calculated for the mounting  RPTR (resp. RPTL) (all things being also equal) 
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Step [H] 
 

This step aims at taking into account the reflection loss in the silencer, in order to predict an insertion loss.  

 

o Bibliography (references) : 

 

[H1] 

- 

 

[H2] 

- 

 

[H3]  

[H4]  

 

o Comments : 

 

The reflection loss (Dr in dB) is basically computed at frequency steps of 1/21 octave (then averaged per 1/3 octave 

frequency band). 

 

 general case: no influence of the speed of the airflow is taken into account for the computation 

 

Model MUL (*)(**) ING (*)(***) ZER 

Reflection loss 

[H1], [H2], [H3] 

(higher modes 

accounted) 

[H4] (higher 

modes accounted) no reflection 

 

* No influence of a series cloth is taken into account for the computation, no influence of a series perforated 

protection is taken into account for the computation.  

**The data pool used for Dr is related to splitters with a thickness 2d=0.1 or 0.2 or 0.3 m, filled with 1 porous 

medium with a flow resistivity σx1 = σy1 from 9 to 15 kNsm-4 (an extrapolation of Dr with a different thickness has 

been used). At the time of the present user’s manual the conditions of the measurement of the data pool ([H2],[H3]) 

are not known with accuracy, especially the higher modes propagating in the duct in relation with the characteristics 

of the  testing facility mentioned in [H2] (with a front section from 0.5m*0.5m to 1.3m*0.5m). For those reasons, the 

value obtained by the means of the unique model MUL has to be considered as a typical estimation of the reflection 

loss for a duct of dimensions comparable to testing facility mentioned in [H2] when no accurate information is 

available regarding the higher order modes (this is often the case). 

*** The data pool used for Dr is related to splitters with an airway 2h=3.5 inches (0.0889 m) to 12 inches (0.3048 m) 

with a length L=3 feet (0.914 m) to 10 feet (3.048 m), filled with 1 porous medium with a flow resistivity being not 

precised. At the time of the present user’s manual the conditions of the measurement of the data pool ([H3]) are not 

known with accuracy, especially the higher modes propagating in the duct in relation with the characteristics of the  

testing facility mentioned in [H4]. 

 particular cases: 

 

- for the mounting R’’, the reflection loss is supposed (in all cases) to be equal to the reflection loss calculated for 

the mounting R (all things being also equal)  

 

- for the mounting C1,C2, the reflection loss is supposed to be equal to the reflection loss calculated for the 

mounting R under the condition of an equal speed in the airways (all things being also equal) in case of A=Af 
(cf. § 1.1) 

 

- for the mountings Q and C0, no reflection loss has to be taken into account since A=Af* < Af for the present 

revision of the software 

 
- for the mounting RPTR’’ (resp. RPTL’’), the reflection loss is supposed (in all cases) to be equal to the 

reflection loss calculated for the mounting  RPTR (resp. RPTL) (all things being also equal) 

Step [I] 
 

This step aims at taking into account the self noise of the silencer (noise produced by the airflow).  

 
For dissipative silencers 

 

o Bibliography (references) : 

 

[I1] 

- 

 

[I2]  

[I3]  

[I4]  

[I5]  

[I6]  

[I7]  
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[I8]  

[I9] 

- 

 

[I10]  

[I11] 

- 

 

  

o Comments: the self noise (acoustic power of flow noise Lw in dB ref 1E-12W) is basically computed at frequency steps 

of 1/1 octave. 

 

 for the mountings of the worksheet CODIS1 (R, R’’, C1,C2), the determination of the self noise is done according 

various models as shown in the tables below: 

 

model DN1 DN2 NF1 NF2 2081A 

source [I1] [I1] [I2] 
[I2]  

(*) 

[I3] 

(**) (***) 

 

model 2081B 2081R 2081C1 MUN VER 

source 
[I4] 

(**)(***) 

[I5] 

(**)(***) 

[I5] 

(**)(***) 

[I8] 

 (***) 

[I9] 

 (***) 

 

(*) B (dB) and δ (m) are input data (**) with an additional correction for temperature 

(***) with an additional correction for pressure  

 

Note: for the mounting C1,C2, the self noise is supposed to be equal to the self noise calculated for the mounting R, 

R’ under the condition of an equal speed in the airways (all things being also equal). Furthermore a complementary 

model (2081C1) applies (according [I5] for the mounting C1only (not for other mountings indeed), and with A = Af* 

<Af (see § 1.1) and see comments above (**)(***) 

 

 for the mountings of the worksheet CODIS2 (Q, C0), the determination of the self noise is done according various 

models as shown in the tables below: 

 

model 2081B 3733A1 3733A2 3733B 

source 
[I4] 

(**)(***) 

[I6] 

(**)(***) 

[I6] 

(**)(***) 

[I7] 

(**)(***) 

 

 

 

 for the models 2081 and 3733, a spectral correction is used  according various models as shown in the tables below: 

 

model 2081 FRO 3733 

source [I5]  [I11]  [I7]  

 

Warning: at the time of the writing of this manual, all the consequences of the choice of one or the other model are not known 

with accuracy. The choice of the model can be done by the user allowing tests and feed-back. 

 
For resonators 

 

o Bibliography (references) : 

 

[I12] 

- 

 

 
o Comments: the self noise (acoustic power of flow noise Lw in dB ref 1E-12W) is basically computed at frequency steps 

of 1/1 octave. 
 

 for the mountings RPTR, RPTR’’, RPTL, RPTL’’, the determination of the self noise is done according various 

models as shown in the tables below: 

 

model FRO 

source [I12] 

 

 for the model FRO, a spectral correction is used  according various models as shown in the tables below: 

 

model 2081 FRO 3733 

source [I5]  [I11]  [I7]  
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Step [J] 
 

This step aims at calculating the insertion loss without taking into account the self noise.  
 

o Bibliography (references) : 

 

[J1] 

- 

 

o Comments : 

 

The insertion loss without taking into account the self noise (Di’ in dB) is computed at frequency steps of 1/3 octave (then 

calculated per 1/1 octave frequency band for a reference acoustic power spectrum Lw0 in dB ref 1E-12W). 

 

Di’ = Da * L + Dc + Dr 

 

Step [K] 
 

This step aims at calculating the insertion loss of the silencer including its self noise.  

 

o Bibliography (references) : 

 

[K1] 

- 

 

 

o Comments : 

 

The sound power level with silencer including self noise (Lw1 in dB ref 1E-12W) is basically computed at frequency 

steps of 1/1 octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   
 

Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

 

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular silencers, the obtained results are comparable with the standardized measurement: see NF EN ISO 

7235 Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise 

and total pressure loss (2004). 

 

Step [L] 
 

For resonators with pine tree splitters (only), this step (complementary, to be added between step [E] and step [F]) aims at the 

computation of the admittance in the plane of the outlet side of (the neck of) the chamber 

 

o Bibliography (references) : 

 

[L1] 

- 

 

[L2]  

 

o Comments : 

 

The software allows the prediction of performance of silencers with chambers containing absorbing material located 

either at the Rear (mounting RPTR, RPTR’’) or at Lateral (mountings RPTL, RPTL’’). 

 

The determination of the propagation loss is done (depending on the choice of the user) for the following cases,  

 

σx1/σy1=∞ (absorber locally reacting), depending on dlocal and hlocal for mountings RPTR, RPTR’’(resp. 

dlocal and Hslocal for mountings RPTL, RPTL’’) 
σx1/σy1=1 (absorber bulk reacting), depending on dbulk and hbulk for mountings RPTR, RPTR’’(resp. dbulkl 

and Hsbulk for mountings RPTL, RPTL’’) 

 
                          For high frequency, a correction (HF correction) can be applied depending on the choice of the user (see [L1], [L2]) 
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Aerodynamics:  
 

 

• Steps of the computation 

Step [α] 
 
All computations have been gathered in this single step for the sake of simplicity (this step aims at computing the total 

pressure loss due to the silencer).  
 

o Bibliography (references) : 

 

[α1]  

[α2] 

- 

 

[α3]  

[α4]  

[α5]  

[α6]  

[α7]  

[α8]  

 

o Comments : 

 

The total pressure loss due to the silencer is computed with the hypothesis of a uniform air flow (supposed to not be rotational), 

taking into account the aerodynamics type upstream and downstream (*): 

 

Aerodynamics type downstream R C 

mountings R, R’’, C1, C2, RPTR, 

RPTR’’, RPTL, RPTL’’ only *) 
Rectangular 

1/2 Circle  

1/2 Circle for central 

splitters, 1/4 Circle for 

extreme inner lagging 

1/4 Circle for extreme 

inner lagging 

 

Aerodynamics type downstream R C P 

mountings R, R’’, C1, C2, RPTR, 

RPTR’’, RPTL, RPTL’’ only *) 
Rectangular 

1/2 Circle  Profiled according 

sketch, the dotted line 

showing either a 

symmetry plane or an 

impervious rigid back  

(see fig.1.13) 

1/2 Circle for central 

splitters, 1/4 Circle for 

extreme inner lagging 

1/4 Circle for extreme 

inner lagging 

*for mountings Q and C0: A=Af* < Af for the present revision of the software 

 

 

 

 

 

 

 

 

 

 

 for the mountings of the worksheet CODIS1 (R, R’’, C1,C2), the determination of the total pressure loss is done is done 

according various models as shown in the tables below: 

 

Model FRO MEC 2081C1 BER ISO 

source [α1] [α2] [α6] [α3] 
[α4] 

[α7] 

 

 for the mounting R, the total pressure loss is supposed (in all cases) to be sufficiently close to the total pressure loss 

calculated for the mounting R’’ (all things being also equal).  

 for the mounting C1,C2, the total pressure loss is supposed to be equal to the total pressure loss calculated for the 

mounting R under the condition of an equal speed in the airways (all things being also equal). Furthermore a 

complementary model (2081C1) applies for mounting C1 only (not for other mountings indeed),  (according [α6] for the 

mounting C1 with A=Af*<A: see § 1.1). 

 for the mountings of the worksheet CODIS2 (Q, CO), the determination of the total pressure loss is done is done 

according various models as shown in the tables below: 

 

Fig.1.13                                                              
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Model IDE 

source [α5] 

 

 for the mountings Q, C0, the determination of the total pressure loss is done  (A=Af* < Af for the present revision of the 

software) .  

 

 for the mountings RPTR, RPTR’’, RPTL, RPTL’’, the determination of the total pressure loss is done is done according 

various models as shown in the tables below: 

 

Model IDE 

source [α8] 

 

 for the mounting RPTR (resp. RPTL), the total pressure loss is supposed (in all cases) to be sufficiently close to the total 

pressure loss calculated for the mounting RPTR’’ (resp. RPTL’’) (all things being also equal).  

 

In case of rectangular silencers, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and total 

pressure loss. 
  

*a safety factor has to be used (by the user) for taking into account the inhomogeneity of the inflow (see [α2],[α5]) leading to 

predictions lower than on-site values 

 

1. 3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37 

[in COSIL] D25, BD25, D37, D43, 

D44, D45 

[in-out COPPA] X53, X54 (**) 

 

Worksheets 

 
Regarding the COmputation of DIssipative Silencers, the software SILDIS is configurated in order to allow the user to access to 4 

worksheets being  linked as shown in fig.1.14 (the overview of the worksheets being shown in table below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: a partly common background is required for several steps of the computation schemes of different acoustic components 

(insertion loss of a silencer, absorption coefficient / sound reduction index of a plane partition, sound reduction index of a duct 

wall...). For this reason worksheets [in COALA] and [in COSIL] are distinct due to the existence of other calculations (by the means 

of SILDIS) using the routine COALA (COmputation of Acoustic LAyers) but not using the routine COSIL (COmputation of 

SILencers). For this reason also, concerning the worksheet [in COALA]: 

 

 a complementary set (set 0) and a rear atmosphere are displayed: they are none of interest for the COmputation of DIssipative 

Silencers, they are none of interest for the COmputation of REsonant Silencers with Pine Tree splitters (only the case of an 

impervious rigid back at the rear of set1 applies for the COmputation of SILencers) 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

 

Fig. 1.14 

something like that *  
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 data concerning series thin plates are displayed: they are none of interest for the COmputation of DIssipative Silencers, they are 

none of interest for the COmputation of REsonant Silencers with Pine Tree splitters (not taken into account whatever the input 

data concerning thin plates are in worksheet in [COALA]) 

 

Worksheet 
Suitable for  

mountings 
Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in COSIL] all 
particular conditions for the design of 

the silencer 
-- 

[in-out CODIS1] R, R’’, C1, C2 

condition of propagation (of sound) 
indicators of performance (acoustics 

& Aerodynamics) 

[in-out CODIS2] Q, C0 

[in-out COREPTR] RPTR, RPTR’’ 

[in-out CORESPTL] RPTL, RPTL’’ 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 
As far as porous media, series cloths and series perforated protections are concerned, specific data bases (libraries) (will) allow 

the design to be made with in-built engineering data (constants) referred to as “Usual” in the worksheets of the software. 

Warning: some properties of the presently referenced materials still not have been checked by reliable sources. See also report 

[PhRXX-015] Collection of soundproofing constructions systems: a companion to “User’s manual for the software SILDIS”  
 

 data base (library) for porous media 

 

 contents of the library: 21 possible references of material layers 

 

 data base (library) for series cloths 

 

 contents of the library: 21 possible references of material layers 

 

Note: the cloth referenced RESISTAIR can be used (with an appropriate value for the flow resistance) for the simulation 

of losses of a thin plate (for example at normal incidence: due to the conditions of mounting) 

  data base (library) for series perforated protections 

 

 contents of the library: 21 possible references of material layers 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 
Worksheet [in COALA] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Language C1 
for English input E, for 

French input F 
 

Date B3 
Modification of the 

displayed date  
 

Project E3 Input a string  

Title M3 Input a string  

Temperature D6 Input a real number 
common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

Pressure D7 
Input a real positive 

number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

Dry clean air ? (0/1) D9 
For NO press 0, for YES 

press 1 
 

Materials list (1/2/3) D18 Input 1 or 2 or 3 It comes to 3 library sub-sets with different materials  

Maximum set index imax E13 
Input an integer from 0 to 

4 

imax is the maximum set 

index taken into account 
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Reference 
G18 to 

K18 

Select a material (in the 

proposed list) for each 

layer of interest 

for the computation, 

despite the status of the 

selection of the 

parameters related to sets 

with an index i> imax 

for CODIS only: a 

possible inhomogeneity 

in directions parallel to 

and perpendicular to its 

surface (i.e. different 

properties - depending on 

the used model - in 

directions x and y) is 

considered for the porous 

medium of set 1 ( porous 

media of sets 2 to 4 being 

considered 

homogeneous) 

Thickness G37 to J37 
Input a real positive 

number 
 

Reference G45 to J45 

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

Incorporation of the series 

perforated protection (0/1) 
G57 to J57 

For NO press 0, for YES 

press 1 
 

Thickness G58 to J58 
Input a real positive 

number 

taken into account for the 

computation as a non 

zero value only if 1 in 

cell just above 

Reference 
T18 to 

W18 

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

Incorporation of the series 

cloths (0/1) 

T23 to 

W23 

For NO input 0, for YES 

input 1 
 

Thickness 
T24 to 

W24 

Input a real positive 

number 

taken into account for the 

computation as a non 

zero value only if 1 in 

cell just above 

Lw0 only known per 1/1 

octave frequency band (0/1) 
R62 

For NO input 0, for YES 

input 1 

In case of input “0”: the input data of the table below 

are not applicable, the next table only must be filled 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

 

Lw0 

B70 to 

P70 

B73 to 

P73 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

In case of Lw0 only known per 1/1 octave frequency 

band, default values are foreseen such as 

Lw0 1/3 oct  =  Lw0 1/1 oct - 4.8 (dB) 

o Comments :  

 

 data of the second table (below) are not taken into account for the design of dissipative silencers (useful for other 

calculations in relation with the COmputation of Acoustic LAyers) 

 

Item 
Cell for 

input 
Foreseen action Comment 

Rear atmosphere ? (0/1) O8 
For NO input 0, for YES 

input 1 
not taken into account for CODIS 

Reference 
T31 to 

W31  

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

(1/2) Y31 
Select a number (in the 

proposed list) 

select 1 (resp. 2) to get for set 0 the same plate as for 

set 1 (resp. set 2) 

Model of losses 
T36 to 

W36 

Select a model (in the 

proposed list) 
 

Model of effective critical 

frequency 

T37 to 

W37 

Select a model (in the 

proposed list) 
 

Number of identical plates 
T38 to 

X38 

Input a real positive 

number 
 

Thickness 
T39 to 

W39 

Input a real positive 

number 

taken into account for the computation as a non zero 

value only if a non zero value in cell just above 

 

Note: temperature (resp. pressure) of cell D6 (resp. D7) also apply to thin plates 
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 data of the third table (below) are not modifiable by the user despite the displayed color of the cell 

 

Item 
Cell for 

input 
Foreseen action Comment 

For (test) room conditions 

below: temperature 
S48 Input a real number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

For (test) room conditions 

below: pressure 
S49 

Input a real positive 

number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

 

 despite not originally integrated to SILDIS, service conditions involving a fluid being not dry clean air can be 

accounted in the most recent versions of the software 

 

Item 
Cell for 
input 

Foreseen action Comment 

dry clean air ? (0/1 D9 
For NO input 0, for YES 

input 1 

In case of a fluid being not dry clean air, additional 

input data to be entered using worksheet [in CNTP 

BYO], worksheet [in atm amont BYO] 

 

 despite not originally integrated to SILDIS, service conditions involving a fluid being not dry clean air can be 

accounted in the most recent versions of the software 

 

Item 
Cell for 

input 
Foreseen action Comment 

dry clean air ? (0/1 
G14, H14, 

I14, J14 

For NO input 0, for YES 

input 1 

In case of a fluid being not dry clean air, additional 

input data to be entered using worksheet [in set1 
BYO], worksheet [in set2 BYO], worksheet [in set3 

BYO], worksheet [in set4 BYO] 

 

 despite not originally integrated to SILDIS, service conditions involving a fluid being not dry clean air can be 

accounted in the most recent versions of the software 

 

Item 
Cell for 

input 
Foreseen action Comment 

dry clean air ? (0/1 R9 
For NO input 0, for YES 

input 1 

In case of a fluid being not dry clean air, additional 

input data to be entered using worksheet [in en 
arrière de set0 BYO] 

 

 

 

 

 
Worksheet [in CNTP BYO], worksheet [in atm amont BYO], worksheet [in set1 BYO], worksheet [in set2 

BYO], worksheet [in set3 BYO], worksheet [in set4 BYO], worksheet [in en arrière de set0 BYO] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

constante individuelle 

(J/kg/K) 
I2 

Input a real positive 

number 

Individual constant 

constante adiabatique I3 Adiabatic constant 

masse volumique (kg/m3) I6 density 

vitesse du son (m/s) I7 Speed of sound 

viscosité dynamique 

(micropoises) 
I12 Dynamic viscosity 

Cp (J/ kg °C) I15 Specific heat (capacity) (at constant pressure) 

lambda (W/m °C) I17 Thermal condusctivity 

 

Worksheet [in COSIL] 
 

o Input data, more or less general (i.e. applicable whatever the terminal): 

 

Item 
Cell for 
input 

Foreseen action Comment 

Limit set index ilim D21 
Input an integer from 1 to 

imax 

imax- ξ ≤ ilim ≤ imax (ξ being the total number of 

cloths and perforated protections accounted as porous 

media) 
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                  h (m) D34 Input a positive real 

If a particular value of h/(d+h) resp. (d/h), 

(d/h)local…is wished then input the value given in 

N34 (resp. O34, Q34…) 

Mass flow rate D61 Input a real 

A positive value is related to a direction of airflow 

equal to the direction of propagation of sound, a 

negative value is related to a direction of airflow 

opposite to the direction of propagation of sound; 

except for mounting C0A 

Width B (m) D67 

Input a positive real 

 

If a particular value of N’’ (resp. N’’*) is wished then 

input the value given in T67 (resp. CJ67). If the 

extrapolation from mounting R to a particular 

mounting is wished then input the value given in W67 

(resp. Z67, AC67…) 

Height H (m) D68 

If the extrapolation to a particular mounting is wished 

then input the value given in W68 (resp. Z68, 

AC68…) 

Length L (m) D69 Without aerodynamics extremities 

Model of reflection loss G71 

Select a model (in the 

proposed list) 

Not applicable for mountings Q, C0, C0A 

Model of by-pass 

correction  
E75 to G75  

Aerodynamics upstream D78 Not applicable for mountings Q, C0, C0A 

Aerodynamics downstream D79 Not applicable for mountings Q, C0, C0A 

Roughness of lining Δ (m) AW61 Input a positive real For mountings Q, C0, C0A , C1A only 

For all models 2081,3733, 

FRO only spectral 

correction model 

G99 
Select a model (in the 

proposed list) 

Used for the interpolation of a ponderation curve 

(generally of secondary importance) 

limit of use of asymptotic 

expansion S (rep. L) for J0 

F103 (resp. 

G103) 
Input a positive real 

(complex module) ; for 

asumptotic expansion S: 

max ; for asymptotic 

expansion L: min 
For the mounting C0A, C1A only 

limit of use of asymptotic 

expansion S (rep. L) for J1 

F104 (resp. 

G104) 

limit of use of asymptotic 

expansion S (rep. L) for Y0 

F105 (resp. 

G105) 

limit of use of asymptotic 

expansion S (rep. L) for Y1 

F106 (resp. 

G106) 

Asymptotic expansion L 

order 
G108 Input a positive real 1 to 5 

digression: complex 

module for which the 

frequency at which it is 

reached is seeked 

G111 
Input a positive real 

(complex module) 
 

sign + for root in starter 1 ? 

(0/1) 
G115 

For NO input 0, for YES 

input 1 
 

 

o Input data, specific for terminal 1 (i.e. for CODIS 1) 

 

Item 
Cell for 

input 
Foreseen action Comment 

To get h/(d+h) = N33 
Input a positive real 

If a particular value of h/(d+h) is wished 

To get d/h = O33 If a particular value of d/h is wished 

To get (d/h)local = Q33 
Input a positive real <1 

If a particular value of (d/h)local is wished 

To get (d/h)bulk = R33 If a particular value of (d/h)bulk is wished 

Mounting R’’ to get N’’ = T33 

Input a positive real 

If a particular value of N’’ is wished (given B) 

Mounting C0 ½ to get D0 

½  = (m) 
W33 If a particular value of D0 ½  is wished 

Mounting C1to get D1 = 

(m) 
Z33 If a particular value of D1 is wished 

Mounting C1to get D1-2d = 

(m) 
AA33 If a particular value of D1-2d is wished 

Mounting C1 ½ to get D1 

½  = (m) 
AC33 If a particular value of D1 ½  is wished 

Mounting  C2 to get D2 = 

(m) 
AF33 If a particular value of D2 is wished 

Mounting  C2 to get D2-2d 

= (m) 
AG33 If a particular value of D2-2d is wished 

Mounting C2 ½ to get D2 

½  = (m) 
AI33 If a particular value of D2 ½  is wished 

Mounting  C3 to get D3 = 

(m) 
AL33 If a particular value of D3 is wished 
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Mounting  C3 to get D3-2d 

= (m) 
AM33 If a particular value of D3-2d is wished 

Mounting C3 ½ to get D3 

½  = (m) 
AO33 If a particular value of D3 ½  is wished 

Mounting CR to get D = 

(m) 
AR33 

If a particular value of D  is wished 

For D (m) = AS33 

Mounting R’’ to get N’’ = T66 Input a positive real If a particular value of N’’ is wished 

Mounting CR to get Ncr = AR66 Input a positive real If a particular value of Ncr is wished (given h) 

Model of total pressure loss T87 
Select a model (in the 

proposed list) 
 

Model for the flow acoustic 

power 
T89 

Select a model (in the 

proposed list) 
 

For model NF2 only B (dB) R97 Input a positive real 
 

For model NF2 only δ (m) T97 Input a positive real 

 

o Input data, specific for terminal 2 (i.e. for CODIS 2) 

 

Item 
Cell for 
input 

Foreseen action Comment 

Mounting Q to get Q = (m) AW33 

Input a positive real 

If a particular value of Q is wished 

Mounting Q to get Q-2d = 

(m) 
AX33 If a particular value of Q-2d is wished 

Mounting C0 to get D0 = 

(m) 
BB33 If a particular value of D0 is wished 

Mounting C0 to get D0-2d 

= (m) 
BC33 If a particular value of D0-2d is wished 

Mounting C0 to get 

(d/a)local = 
BD33 If a particular value of d/a is wished 

Mounting C0 to get 

(d/a)bulk =  
BE33 If a particular value of (a/h)bulk is wished 

Model for the flow acoustic 

power 
BD89 

Select a model (in the 

proposed list) 
 

 

o Input data, specific for terminal 3 (i.e. for CODIS 3) 

 

Item 
Cell for 

input 
Foreseen action Comment 

                  h (m) BI34 Input a positive real  

Mounting C0A to get D1A 

= (m) 
BM33 

Input a positive real 

If a particular value of Q is wished 

Mounting C0A to get D1A-

2d i.e. 2ha= (m) 
BN33 If a particular value of Q-2d is wished 

Mounting C0 to get 

(d/a)local = 
BO33 If a particular value of d/a is wished 

Mass flow rate BI61 Input a real 

A positive value is related to a direction of airflow 

equal to the direction of propagation of sound, a 

negative value is related to a direction of airflow 

opposite to the direction of propagation of sound 

 

o Input data, specific for terminal 4 (i.e. for CODIS 4) 

 

Item 
Cell for 
input 

Foreseen action Comment 

hi local (m) BV18 

Input a positive real 

If a particular value of hi local is wished 

li local (m) BZ18 If a particular value of li local is wished 

Mounting C1A to get D1A 

= (m) 
BS33 If a particular value of D1A is wished 

Mounting C1A to get D1A-

2d i.e. 2aA= (m) 
BT33 If a particular value of D1A-2d i.e. 2aA is wished 

Mounting C1A to get 

(d/a)local = 
BV33 If a particular value of (d/a)local is wished 

Mounting Q1A to get Q1A 

= (m) 
BY33 If a particular value of Q1A is wished 

Mounting Q1A to get Q1A-

2d i.e. 2la= (mQ 
BY33 If a particular value of Q1A-2d i.e. 2la is wished 

general model of total 

pressure loss for full pod 
BZ78 

Select a model (in the 

proposed list) 
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model of annular hydraulic 

diameter for full pod, with 

model ID 

BZ80  

model of friction 

coefficient for full pod 
BZ83  

model of annular hydraulic 

diameter 
BZ84  

model of total pressure loss: 

full pod 2081 
BZ86  

model of total pressure loss: 

contraction 
BZ87  

model of total pressure loss: 

expansion 

 

BZ88  

model of flow acoustic 

power 
BZ89  

 

o Input data, specific for terminal PTR & PTL (i.e. for CORESPTR & COREPTL) 

 

Item 
Cell for 

input 
Foreseen action Comment 

d* (m) CF11 Input a positive real 

For the COmputation of REsonant  Silencers with 

Pine Tree splitters only 

Θ (°) CF13 Input a positive real 

Ss (m) CF15 Input a positive real 

Sa (m) CF16 Input a positive real 

HF correction (0/1) CF18 
For NO input 0, for YES 

input 1 

Mounting RPT’’ to get 

N’’* = 
CJ33 Input a positive real If a particular value of N’’* is wished (given B) 

Half airway h* (m) CF34 Input a positive real  

Mounting RPT’’ to get 

N’’* = 
CJ33 Input a positive real If a particular value of N’’* is wished (given h*) 

Mounting RPT’’ to get 

N’’* = 
CJ66 Input a positive real If a particular value of N’’* is wished (given h*) 

The direction of flow is the 

direction of the foot of the 

pine tree when the branches 

shape of the splitters is 

considered (0/1) 

CJ83 
For NO input 0, for YES 

input 1 

For the COmputation of REsonant  Silencers with 

Pine Tree splitters only 

Model of total pressure loss CJ87 
Select a model (in the 

proposed list) 

For the COmputation of REsonant  Silencers with 

Pine Tree splitters only 

 

 

Worksheets [in-out CODIS1], [in-out CODIS2], [in-out CODIS3], [in-out CODIS4], in-out CORESPTR], 

[in-out CORESPTL] 
 

o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Condition of propagation W182 
Select a model (in the 

proposed list) 

among the possible conditions of propagation in 

porous medium of set 1 (for the COmputation of 

DIssipative Silencers σx1/σy1=∞, σx1/σy1=1, 

σx1/σy1=var.; for the COmputation of REsonant  

Silencers with Pine Tree splitters only σx1/σy1=∞, 

σx1/σy1=1) 

 

o Main displays of the results : 

 

 total pressure loss: see lines 98 to 100  

 

Note: the following equation is considered for the definition of total pressure loss coefficients ζf, ζf*, ζp:  

 

∆pt = ζp . 0.5 . ρ .(Vp) 2 = ζf . 0.5 . ρ . (Vf) 2 =  ζf * . 0.5 . ρ . (Vf*) 2 

 

∆pt: total pressure loss (Pa) 

ρ: density of fluid (kgm-3) 

Vp: speed in the area Ap (ms-1) 

Vf: speed in the area Sf (ms-1) 
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Vf*: speed in the area Sf (ms-1) 
 

 insertion loss without flow: see line 105  per 1/1 octave frequency band and in terms of A weighted global value with 

reference to the reference acoustic power spectrum. 
 

Note: those results are intermediate/complementary results not equal (generally speaking) to the insertion loss with flow 

and self noise that the user has to use as the only reliable indicator of performance of the performance of the silencer. Those 

results are only displayed in order to allow the evaluation of the impact of airflow - other than self noise - by the means of a 

comparison with results displayed line 106. 
 

 insertion loss with flow without flow noise (Di’): see line 106  per 1/1 octave frequency band and in terms of A weighted 

global value with reference to the reference acoustic power spectrum. 
 

Note 1: those results are intermediate/complementary results not equal (generally speaking) to the insertion loss with flow 

and self noise that the user has to use as the only reliable indicator of performance of the performance of the silencer. Those 

results are only displayed in order to allow the evaluation of the impact: 

 

- of airflow - other than self noise - by the means of a comparison with results displayed line 105 

- of flow noise by the means of a comparison with results displayed line 162 

 

Note 2: since the insertion loss is predicted from the sum of the longitudinal attenuation, a bypass correction and reflection 

loss, the results corresponding to the different terms of the sum are also displayed in order to allow the evaluation of the 

impact of each one (see table below). 
 

Term of the sum Cells for display Notation Comment 

longitudinal attenuation A108 to L127 Da.L curve and table of results 

per 1/3 octave band, per 

1/1 octave frequency 

band and in terms of A 

weighted global value 

with reference to the 

reference acoustic power 

spectrum 

by pass correction M108 to X127 Dc 

reflection loss A129 to L148 Dr 

insertion loss without self 
noise 

M129 to X148 D’i= Da.L+ Dc+ Dr 

 

 self noise (acoustic power of flow noise): see line 153 per 1/1 octave frequency band and in terms of A weighted global 

value  

 

 not A-weighted acoustic power with silencer (Lw1): see line 156 per 1/1 octave frequency band and in terms of A 

weighted global value with reference to the reference acoustic power spectrum. 

 

 A-weighted acoustic power with silencer: see line 157 per 1/1 octave frequency band  

 insertion loss with flow and self noise (Di): see line 162 per 1/1 octave frequency band and in terms of A weighted global 

value with reference to the reference acoustic power spectrum. 

 

 acoustic power without silencer (Lw0) and acoustic power with silencer including self noise (Lw1) versus frequency 
see lines 164 to 184 columns A to F per 1/1 octave frequency band and in terms of A weighted global value with reference 

to the reference acoustic power spectrum. 

 

 insertion loss with flow without self noise (Di’) and insertion loss with flow and self noise (Di) versus frequency see 
lines 164 to 184 columns G to L per 1/1 octave frequency band and in terms of A weighted global value with reference to 

the reference acoustic power spectrum. 

 

1.4: Examples of computation with SILDIS 

 
Example 1.4.1 dissipative silencer with a rectangular cross section 

 

Envisaged application 

 
It is wished to compute the acoustic and aerodynamic performances of a dissipative silencer with a rectangular cross section 

(width B=1200mm [1], height H=2000mm [2], length L=1500mm [3]), having rectangular edged [4] splitters of thickness 2d such as 

2d-2d’1=200mm [5] with a open area ratio of 50% [6] made of one [7] homogeneous in directions parallel to and perpendicular to its 

surface bulk absorber [8] having the reference DEMO in the database for porous media of SILDIS [9] with [10] a cloth of thickness 

d’1=5/100 mm [11] having the reference DEMO in the series cloths database of SILDIS [12] without perforated protection [13] 

It is foreseen to use the silencer with an air flow rate of 24.1 kg/s [14] at 20 °C [15] at a pressure of 101325 Pa [16].  

It is decided to take into account a limitation of the propagation loss for L>1m [17] and to take into account the reflection loss [18]. 

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

It is chosen to predict the self noise of the silencer in the way described with the model referred to as 2081B [21] 

It is chosen to predict the back pressure with the model referred to as FRO [22] 
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Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see figures in brackets in the 

previous §, used as placemarks for explaining the selection below).The input cells will be referred to thanks to their EXCEL’s 

coordinates (column / line) in the following part of the present user’s manual. 

 

Worksheet [in COALA] for example 1.4.1 and for example 1.4.2a and for example 1.4.2b 

 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input 
See placemark / 

comment 

Temperature D6 Input a real number 20 [15] 

Pressure D7 
Input a real positive 

number 
101325 [16] 

Maximum set index imax E13 
Input an integer from 1 to 

4 
1 [7] 

Reference J18 to K18 

Select a reference  

(material in the proposed 

list) for each layer of 

interest 

DEMO [8],[9] 

Thickness J37 
Input a real positive 

number 
0.1 [5] 

Incorporation of the series 

perforated protections (0/1) 
J57 

For NO press 0, for YES 

press 1 
0 [13] 

Reference W18 

Select a material (in the 

proposed list) for each 

layer of interest 

DEMO [12] 

Incorporation of the series 

cloths (0/1) 
W23 

For NO input 0, for YES 

input 1 
1 [10] 

Thickness W24 
Input a real positive 

number 
0.00005 [11] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

R62 
For NO input 0, for YES 

input 1 
1 [20] 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [20] 

 

Worksheet [in COSIL] for example 1.4.1 only 
 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input See placemark 

Limit set index ilim D21 
Input an integer from 1 to 

imax 
1 [7] 

h/(d+h) N33 Input a positive real <1 0.5 [6] 

Half airway D34 Input a positive real =N34 i.e. 0.10005  

Mass flow rate D61 Input a real 24.1 [14] 

Width B (m) 

 
D67 Input a positive real 1.2 [1] 

Height H (m) 

 
D68 Input a positive real 2 [2] 

Length L (m) D69 Input a positive real 1.5 [3] 

Model of reflection loss G71 
Select a model (in the 

proposed list) 
MUL [18] 

Model of by-pass 

correction for L>1m 
F75 

Select a model (in the 

proposed list) 
FRO [17] 

Aerodynamics upstream D78 
Select a model (in the 

proposed list) 
R [4] 

Aerodynamics downstream D79 
Select a model (in the 

proposed list) 
R [4] 

Model of total pressure loss T87 
Select a model (in the 

proposed list) 
FRO [22] 

Model for the flow acoustic 

power 
T89 

Select a model (in the 

proposed list) 
2081B [21] 

 
Worksheet [in-out CODIS1] for example 1.4.1 only 
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Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input See placemark 

Condition of propagation W182 
Select a model (in the 

proposed list) 
σx1/σy1=1  [8] 

 
 

Worksheet [in-out COPPA] for example 1.4.1 and for example 1.4.2a and for example 1.4.2b 
 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input See placemark 

Size of the partition along 

the x-direction 
X53 Input a positive real 1 (*) 

Size of the partition along 

the z-direction 
X54 Input a positive real 1 (*) 

 

*see § 1. 3: How to use SILDIS Operating conditions / security level / safety 

 

Screenshots of the worksheets (for the example of computation) 

 
Screenshot of worksheet [in COALA] for example 1.4.1 and for example 1.4.2a and for example 1.4.2b 
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Screenshot of worksheet [in COSIL] for example 1.4.1  
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Screenshot of worksheet [in-out CODIS1] for example 1.4.1 

 

    Dc (dB) 

Dc (dB) 
Dc (dB) Dc (dB) 
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Example 1.4.2a: dissipative silencer with a square cross section 

Envisaged application  

 
It is wished to compute the acoustic and aerodynamic performance of a dissipative silencer with a square cross section,  the area 

of the duct upstream and downtream (above and below the silencer) being not equal to the area of the overall section of the silencer 

(overall width=overall height Q=1100mm [1’]) but being equal to the inner width, length L=1500mm [3]), having a lining of 

thickness d such as d-d’1=100mm [5] made of one [7] homogeneous in directions parallel to and perpendicular to its surface bulk 

absorber [8] having the reference DEMO in the database for porous media of SILDIS [9] with [10] a cloth of thickness d’1=5/100 

mm [11] having the reference DEMO in the series cloths database of SILDIS [12] without perforated protection [13] 

It is foreseen to use the silencer with an air flow rate of 24.1 kg/s [14] at 20 °C [15] at a pressure of 101325 Pa [16].  

It is decided to take into account a limitation of the propagation loss for L>1m [17]. 

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

It is chosen to predict the self noise of the silencer in the way described with the model referred to as 2081B [21] 

A roughness of 1 mm is assumed for the lining [23]) 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see figures in brackets in the 

previous §, used as placemarks for explaining the selection below).The input cells will be referred to thanks to their EXCEL’s 

coordinates (column / line) in the following part of the present user’s manual. 
 
Worksheet [in COALA] for example 1.4.2a See corresponding § for example 1.4.1 

 

Worksheet [in COSIL] for example 1.4.2a only 
 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input See placemark 

Limit set index ilim D21 
Input an integer from 1 to 

imax 
1 [7] 

Mounting Q to get Q = (m) AW33 Input a positive real 1.100 [1’] 

Airway h (m) D34 Input a positive real  =AW34 i.e. 0.44995   

Mass flow rate D61 Input a real 24.1 [14] 

Width B (m) 

 
D67 Input a positive real =AW67 i.e. 0.99493  

Height H (m) 

 
D68 Input a positive real =AW68 i.e. 0.99493  

Length L (m) D69 Input a positive real 1.5 [3] 

Model of by-pass 

correction for L>1m 
F75 

Select a model (in the 

proposed list) 
FRO [17] 

Roughness of lining F85 Input a real 0.001 [23] 

Model for the flow acoustic 

power 
BD89  

Select a model (in the 

proposed list) 
3733B [21] 

 

Worksheet [in-out CODIS2] for example 1.4.2a and for example 1.4.2b only 
 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input See placemark 

Condition of propagation W182 
Select a model (in the 

proposed list) 
σx1/σy1=1  [8] 

 
Worksheet [in-out COPPA] for example 1.4.2a See corresponding § for example 1.4.1 
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Screenshots of the worksheets (for the example of computation) 

 
Screenshot of worksheet [in COALA] See corresponding § for example 1.4.1 

 

Screenshot of worksheet [in COSIL] for example 1.4.2a  
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Screenshot of worksheet [in-out CODIS2] for example 1.4.2a 

 

    Dc (dB) 

Dc (dB) 
Dc (dB) Dc (dB) 
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Example 1.4.2b dissipative silencer with a circular cross section 

 

Envisaged application 

 
It is wished to compute the acoustic and aerodynamic performance of a dissipative silencer with a circular cross section,  the area 

of the duct upstream and downtream (above and below the silencer) being not equal to the area of the overall section of the silencer 

(overall diameter D0=1400mm [1’’]) but being equal to the inner diameter, length L=1500mm [3]), having a lining of thickness d 

such as d-d’1=100mm [5] made of one [7] homogeneous in directions parallel to and perpendicular to its surface bulk absorber [8] 

having the reference DEMO in the database for porous media of SILDIS [9] with [10] a cloth of thickness d’1=5/100 mm [11] 

having the reference DEMO in the series cloths database of SILDIS [12] without perforated protection [13] 

It is foreseen to use the silencer with an air flow rate of 24.1 kg/s [14] at 20 °C [15] at a pressure of 101325 Pa [16].  

It is decided to take into account a limitation of the propagation loss for L>1m [17]. 

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

It is chosen to predict the self noise of the silencer in the way described in the  model referred to as 2081B [21] 

A roughness of 1 mm is assumed for the lining [23]) 

 
Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see figures in brackets in the 

previous §, used as placemarks for explaining the selection below).The input cells will be referred to thanks to their EXCEL’s 

coordinates (column / line) in the following part of the present user’s manual. 
 

Worksheet [in COALA] for example 1.4.2b See corresponding § for example 1.4.1 

 

Worksheet [in COSIL] for example 1.4.2b only 
 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input See placemark 

Limit set index ilim D21 
Input an integer from 1 to 

imax 
1 [7] 

Mounting C0 to get D0 = 

(m) 
BB33 Input a positive real 1.4 [1’’]  

Half airway h (m) D34 Input a positive real <1 =BB34 i.e. 0.53169   

Mass flow rate D61 Input a real 24.1 [14] 

Width B (m) 

 
D67 Input a positive real =BC67 i.e. 1.15912  

Height H (m) 

 
D68 Input a positive real =BC68 i.e. 1.15912  

Length L (m) D69 Input a positive real 1.5 [3] 

Model of by-pass 

correction for L>1m 
F75 

Select a model (in the 

proposed list) 
FRO [17] 

Roughness of lining F85 Input a real 0.001 [23] 

Model for the flow acoustic 

power 
BD89 

Select a model (in the 

proposed list) 
3733B [21] 

 

Worksheet [in-out CODIS2] for example 1.4.2a and for example 1.4.2b only 
 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input See placemark 

Condition of propagation W182 
Select a model (in the 

proposed list) 
σx1/σy1=1 [8] 

 
Worksheet [in-out COPPA] for example 1.4.2b See corresponding § for example 1.4.1 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in COALA] See corresponding § for example 1.4.1 

 

Screenshot of worksheet [in COSIL] for example 1.4.2b 
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Screenshot of worksheet [in-out CODIS2] for example 1.4.2b 

 

Dc (dB) 

    Dc (dB) 

Dc (dB) Dc (dB) 
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1.5: Illustrations of effects taken into account with SILDIS 

 
Introduction 

 
The prediction of acoustic performances of dissipative silencers with the software SILDIS is founded on a scientific and technical 

background as presented in § 1.2 of this user’s manual, combining various knowledges in relation with physics. Some (future 

possible) users may not be perfectly familiar with some aspects of this background: in order to be anyway in a position of making  

the best use of this calculation tool, attention has to be paid by such users to some particular effects taken into account for the 

predictions thanks to illustrations (applying for a rectangular cross section) given in this section of the user’s manual. The intention 

is not to give a comprehensive list of the various effects of  each parameter that may (alone or coupled with others) influence the 

acoustic performance of a dissipative silencer, what would be very difficult to do. The goal is (thanks to examples): highlighting 

major key-points (considered separately) of the design of a dissipative silencer, given some known laws of the physics, some of the 

input data being chosen in order to be as demonstrative as possible, given the plausible field of typical engineering applications.  

 

All the numerical results below have been obtained using the software SILDIS with some post treatment for comparisons notably 

(some of those results can not be obtained by the user in the presented form for a sake of simplicity of the software). 

 

Effects of the properties of a porous medium in a non-laminated lining (illustration 1.5.1) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a single 

porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the duct σy1 varying from 8 to 

72 kNsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m. No series cloth is considered, no series perforated protection 

is considered. 

 
Illustration of one of the effects: see below the prediction of the propagation loss depending on the flow resistivity of the porous 

medium (see key in the graph) 

 

 
 

 
 
Comment: the choice of the flow resistivity of the porous medium influences sometimes considerably the acoustic performance of 

the silencer (at least: for some frequencies). In particular, the choice of a flow resistivity of the porous medium too big compared 

with the optimum required - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies possibly 

within the range of interest.  

 

For a given porous medium, an increase of the density involves - generally speaking - an increase of the flow resistivity (everything 

else supposed to be equal): for example, attention has to be paid to the consequences of the use (in some locations…) of high 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k

8kNsm-4 0,1 0,1 0,2 0,3 0,5 0,8 1,3 2,1 3,5 5,9 9,8 16,2 26,0 37,6 42,6 37,0 31,1 30,3 32,0 18,1 11,4 7,6 4,4 2,8 1,7 1,1 0,7 0,4 0,3 0,2

12kNsm-4 0,1 0,2 0,3 0,4 0,7 1,1 1,7 2,7 4,3 6,8 10,7 16,3 23,2 29,6 32,7 32,2 31,6 33,7 32,2 19,9 12,7 7,8 4,7 2,9 1,8 1,1 0,7 0,4 0,3 0,2

16kNsm-4 0,1 0,2 0,4 0,6 0,9 1,4 2,1 3,3 4,9 7,3 10,6 15,0 19,8 24,1 26,9 28,7 30,9 34,5 32,8 21,6 13,6 8,1 4,9 2,9 1,8 1,1 0,7 0,4 0,3 0,2

24kNsm-4 0,2 0,3 0,5 0,8 1,2 1,8 2,8 4,0 5,6 7,6 9,8 12,2 14,8 17,6 20,4 23,7 28,1 33,0 33,7 24,9 15,2 8,8 5,2 3,1 1,9 1,1 0,7 0,4 0,3 0,2

48kNsm-4 0,4 0,6 0,9 1,3 1,9 2,6 3,4 4,3 5,2 6,1 7,0 8,0 9,2 10,7 12,9 16,0 20,1 25,0 30,0 31,1 19,9 11,0 6,1 3,5 2,1 1,2 0,8 0,5 0,3 0,2

72kNsm-4 0,5 0,8 1,1 1,6 2,1 2,6 3,2 3,8 4,3 4,9 5,5 6,3 7,3 8,6 10,2 12,4 15,4 19,5 24,7 29,9 25,0 13,2 7,1 3,9 2,3 1,3 0,8 0,5 0,3 0,2
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density rock wools using bonded short fibers producing possibly linings with a high flow resistance in some cases (especially 

when nothing is known regarding the properties of those materials in terms of flow resistivity, porosity…). 
 

Effects of the properties of porous media in a laminated lining (illustration 1.5.2) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the laminated lining consisting of:  

 

- a surface layer being a porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the 

duct σy1=72 kNsm-4, a porosity ø=0.95 (model M76), with a thickness ds=0.02m. No series cloth is considered, no series 

perforated protection is considered. 

- a core layer being a porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the 

duct σy1=12 kNsm-4, a porosity ø=0.95 (model M76), with a thickness dc=0.08m. No series cloth is considered, no series 

perforated protection is considered. 

 
Illustration of one of the effects: see below the prediction of the propagation loss of the mix (laminated lining) and the comparison 

with a non-laminated lining  made (with a thickness d=ds+dc=0.10m) either 100 % of the material of the surface layer or 100 % of 

the material of the core layer (see key in the graph) 

 

 
 

 
 
Comment: in case of a laminated lining, the choice of the flow resistivity of the porous media influences sometimes considerably the 

acoustic performance of the silencer (at least: for some frequencies). In particular, the choice of a flow resistivity of the porous 

medium for the surface layer too big compared with the optimum required - as far as acoustics is concerned - can (even with a 

thickness small compared to the total thickness of the lining) lead to a degradation of the performance for frequencies possibly 

within the range of interest.  

 

See also the last paragraph of illustration 1.5.1 
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Effects of the conditions of propagation of sound inside the lining (illustration 1.5.3) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters being filled 

with a single porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the duct 

σy1=22332Nsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.05m. No series cloth is considered, no series perforated 

protection is considered. The longitudinal attenuation with a length L=1.5m is considered for the following cases, σx1 being the flow 

resistivity of the porous medium in the direction parallel to the axis of the duct: σx1/σy1=∞ (absorber locally reacting), (*) 

σx1/σy1=1 (absorber bulk reacting), σx1/σy1=var. with var.=0.5 

 

Illustration of one of the effects: see below the prediction of the propagation loss depending on the conditions of propagation of 

sound inside the porous medium (see key in the graph)(*) 

 

 
 

 
 
Comment: the conditions of propagation inside the porous medium of the lining (*) influences sometimes considerably the acoustic 

performance of the silencer (at least: for some frequencies). In particular, an overestimation of the (not always known) flow 

resistivity of the porous medium in the direction parallel to the axis of the duct can lead to a degradation of the performance for 

frequencies possibly within the range of interest.  

 

Attention has to be paid to the question of the possibility (or not, given the consequences in terms of construction modalities 
and corresponding costs) of an inhibition of the axial wave propagation inside the lining with transverse solid partitions. 
 

* the  case of an axial wave propagation inhibited by transverse very thick metal sheets (with a very short distance 

between them) acting as partitions is also referred to as σx1/σy1=∞ whatever the properties of the absorber are (else: no such 

partitions is considered) 
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Effects of the by-pass correction (illustration 1.5.4) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having no 

transverse solid partitions being filled with a single porous medium homogeneous in directions parallel to and perpendicular to its 

surface, having (at room temperature) a flow resistivity in the direction normal to the axis of the duct σy1=12000Nsm-4, a porosity 

ø=0.95 (model M76), with a thickness d=0.1m and a length L=2m. No series cloth is considered, no series perforated protection is 

considered. The longitudinal attenuation is considered with or without the by-pass correction. 

 

Illustration of one of the effects: see below the prediction of the longitudinal attenuation depending on the existence or not of the 

limitation of the propagation loss (see key in the graph) 

 

 
 

 
 
Comment: the existence or not of a limitation of the propagation loss influences sometimes considerably the acoustic performance of 

the silencer (at least: for some frequencies). The influence of the conditions of propagation inside the lining has already been pointed 

out in a previous illustration: attention has also to be paid to the imperfection of the interface between the lining and the duct (leak 

occurring by-pass) 
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Effects of the reflection loss (illustration 1.5.5) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having no 

transverse solid partitions being filled with a single porous medium homogeneous in directions parallel to and perpendicular to its 

surface, having (at room temperature) a flow resistivity in the direction normal to the axis of the duct σy1=12000Nsm-4, a porosity 

ø=0.95 (model M76), with a thickness d=0.1m and a length L=1m. No series cloth is considered, no series perforated protection is 

considered. The insertion loss is considered with or without the reflection loss. 

 

Illustration of one of the effects: see below the prediction of the insertion loss depending on the existence or not of the reflexion loss 

(see key in the graph) 

 

 
 

 
 
Comment: the existence or not of the reflection loss influences the acoustic performance of the silencer (at least: for some 

frequencies). One should keep in mind that in the evaluation of the reflection loss includes the effect of higher modes with increased 

propagation loss in the air passage in the testing conditions used for the used data pool: different on site conditions may involve 

different reflection loss effects. 
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Effects of temperature (illustration 1.5.6) 

 
Imput data: a silencer is considered (at (test) room pressure) on the one hand at (test) room temperature and on the other hand at high 

temperature with an open area ratio of 50%, the splitters having transverse solid partitions inhibiting the sound propagation along the 

duct axis inside the non-laminated lining consisting of a single porous medium having (at room temperature) a flow resistivity in the 

direction normal to the axis of the duct σy1=12400 Nsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.05m. No series 

cloth is considered, no series perforated protection is considered. 

 

Illustration of one of the effects: see below the prediction of the propagation loss depending on the temperature (see key in the 

graph) 

 

 
 

 
 
Comment: the temperature of the application influences sometimes considerably the acoustic performance of the silencer (at least: 

for some frequencies). For a given material, an increase of the temperature involves - generally speaking - an increase of the flow 

resistivity (everything else supposed to be equal).In particular, the choice of a flow resistivity of the porous medium (at room 

temperature) too big compared with the optimum required (at the temperature of the application) - as far as acoustics is concerned - 

can lead to a degradation of the performance for frequencies possibly within the range of interest.  

 

See also the last paragraph of illustration 1.5.1 
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Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        89/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Effects of pressure (illustration 1.5.7) 

 
Imput data: a silencer is considered at (test) room temperature and at a pressure from 100 to 400kPa with an open area ratio of 50%, 

the splitters having transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining 

consisting of a single porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the duct 

σy1=48000 Nsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m. No series cloth is considered, no series perforated 

protection is considered. 

 

Illustration of one of the effects: see below the prediction of the propagation loss depending on the pressure (see key in the graph) 

 

 
 

 
 
Comment: the pressure of the application influences sometimes considerably the acoustic performance of the silencer (at least: for 

some frequencies). Depending on the frequency range of interest, absorbers with a higher flow resistivity may be selected in case of 

pressure lines. But the choice of a flow resistivity of the porous medium too big compared with the optimum required (at the 

pressure of the application) - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies possibly 

within the range of interest.  

 

See also the last paragraph of illustration 1.5.1 
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Effects of a series cloth (illustration 1.5.8) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having no 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a single 

porous medium homogeneous in directions parallel to and perpendicular to its surface, having a flow resistivity σy=22332Nsm-4, a 

porosity ø=0.95 (model M76) with a thickness d=0.05m. The cloth consists of an impervious membrane (surface density 125 g/m2)  

 
Illustration of the effect: see below the prediction of the propagation loss without and with the cloth 

 

 
 

 
 
Comment: the choice of a series cloth influences sometimes considerably the acoustic performance of the silencer (at least: for some 

frequencies). In particular, the choice of a permeability of the cloth too small compared with the optimum required - as far as 

acoustics is concerned - can lead to a degradation of the performance for frequencies possibly within the range of interest (an 

increase of the performance being often obtained at low frequency due to the presence of a free vibrating foil).  

 

Attention has to be paid to the consequences of the use (in some locations…) of cloths producing possibly linings with a high 

flow resistance (especially when nothing is known regarding the properties of this materials in terms of flow resistivity, 
porosity…). 

 

Attention has to be paid also to dust deposits in a position (in some cases) of involving effects comparable to the effect of a series 

cloth. 
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Effects of a series perforated protection (illustration 1.5.9) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters the splitters 

having transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a 

single porous medium having a flow resistivity σy=72kNsm-4, a porosity ø=0.95 (model M76) with a thickness d=0.1m. The 

perforated protection consists of a sheet R3T5 (round holes with an hexagonal arrangement, diameter 3 mm, open area ratio 

ε=0.3265) of thickness 1 mm (general model MOI, model for the added impedances ROA) 

 
Illustration of the effect: see below the prediction of the propagation loss without and with the perforated protection 

 

 
 

 
 

Comment: the choice of a perforated protection influences sometimes considerably the acoustic performance of the silencer (at least: 

for some frequencies). For a given geometry of holes and a given thickness, a decrease of the open area ratio involves - generally 

speaking - a decrease of the performance. In particular, the choice of a perforated protection with an open area ratio too small 

compared with the optimum required - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies 

possibly within the range of interest (in the area of the maximum propagation loss, the performance is degraded in the example 

above despite a quite high open area ratio). 

 

For a given perforated protection, the performance can decrease notably in case of a non-sufficiently pervious material at the rear: 

see also the last paragraph of illustration 1.5.1 
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Effects of the velocity of air flow (other than regenerated noise) (illustration 1.5.10) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having no 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a single 

porous medium homogeneous in directions parallel to and perpendicular to its surface, having (at room temperature) a flow 

resistivity in the direction normal to the axis of the duct σy1=15kNsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m 

and a length L=2m. No series cloth is considered, no series perforated protection is considered. 

 
Illustration of one of the effects: see below the prediction of the longitudinal propagation depending on the mean flow velocity in the 

airways (see key in the graph) 

 

 
 

 
 
Comment: the flow velocity in the airways influences sometimes considerably the acoustic performance of the silencer (at least: for 

some frequencies), due to the change that can occur in the propagation loss affecting the longitudinal attenuation (relied to the 

conditions of propagation of sound in the lining and in the airways). Generally speaking, a negative airflow (direction of airflow and 

direction of propagation of sound opposite) involves an increase of the acoustic performance of the silencer when a positive airflow 

(same direction for airflow and propagation of sound) lead to a decrease of the acoustic performance of the silencer. In particular, the 

choice of a free area of the silencer (relied to the front section of the silencer and to the open area ratio) too small compared with the 

optimum required - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies possibly within the 

range of interest.  
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Effects of the velocity of air flow (regenerated noise) (illustration 1.5.11) 

 
Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having no 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a single 

porous medium homogeneous in directions parallel to and perpendicular to its surface, having (at room temperature) a flow 

resistivity in the direction normal to the axis of the duct σy1=15kNsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m 

and a length L=2m. No series cloth is considered, no series perforated protection is considered. A reflection loss and a limitation of 

the propagation loss are considered. The considered front section of the silencer is 2.5 m2.A noise source with an acoustic power of 

80 dB/oct is considered.  

 
Illustration of one of the effects: see below the prediction of the insertion loss depending on the mean flow velocity in the airways 

(see key in the graph) 

 

 
 

 
 
Comment: the flow velocity in the airways influences sometimes considerably the acoustic performance of the silencer (at least: for 

some frequencies) due to the fact that the sound power level at the outlet of a silencer cannot be less than its self noise, leading to a 

reduction of the insertion loss in case of high sound power level due to the airflow. Attention has to be paid to limit the speed in the 

airways to acceptable values (taking into account the difference between unsilenced sound power level of the source and the 

insertion loss without taking into account the self noise) influenced - for a given flow rate - notably by the front area and the open 

area ratio of the silencer. 
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Effects of the unsilenced sound power spectrum (and of other uncertainties) (illustration 1.5.12) 
 

Imput data: a silencer is considered at (test) room pressure and temperature, with an open area ratio of 50%, the splitters having 

transverse solid partitions inhibiting the sound propagation along the duct axis inside the non-laminated lining consisting of a single 

porous medium having (at room temperature) a flow resistivity in the direction normal to the axis of the duct σy1=12000kNsm-4, a 

porosity ø=0.95 (model M76), with a thickness d=0.1m and a length L=1m.. No series cloth is considered, no series perforated 

protection is considered. The longitudinal attenuation for the 1/1 octave band of central frequency 250 Hz is considered for various 

sound power spectra of the unsilenced source Lw0, taking into account the propagation loss Da computed (on the occasion of the 

first illustration of this §) for the corresponding 1/3 octave bands: 6.8 dB/m at 200 Hz,10.7 dB/m at 250 Hz, 16.3 dB/m at 315 Hz.  

 

Illustration of one of the effects: see below the calculation of the longitudinal attenuation for the 1/1 octave band depending on the 

sound power spectrum of the unsilenced source (see key in the table) 

 

 

 

1/3 octave frequency band central frequency (Hz) 

1/1 octave band 

central frequency 

(Hz) 

200 250 315 250 

Case 1 

Lw0 (dB ref1E-12W) 75.2 75.2 75.2 80 

Da*L (dB) 6.8 10.7 16.3  

Lw0 - Da*L (dB ref1E-12W) 68.4 64.5 58.9 70.2 

longitudinal attenuation for the 1/1 octave band  9.8 

Case 2 

Lw0 (dB ref1E-12W) 68.0 75.0 78.0 80 

Da*L (dB) 6.8 10.7 16.3  

Lw0 - Da*L (dB ref1E-12W) 61.2 64.3 61.7 67.4 

longitudinal attenuation for the 1/1 octave band  12.6 

Case 3 

Lw0 (dB ref1E-12W) 78.0 75.0 68.0 80 

Da*L (dB) 6.8 10.7 16.3  

Lw0 - Da*L (dB ref1E-12W) 71.2 64.3 51.7 72.0 

longitudinal attenuation for the 1/1 octave band  8.0 

 
Comment: the sound power spectrum of the unsilenced source influences sometimes considerably the acoustic performance of the 

silencer (at least: for some frequencies) in terms of longitudinal attenuation per 1/1 octave band (and so in terms of insertion loss) 

due to the combination of possibly high frequential variation on the one hand: of the performance of the silencer and on the other 

hand: of the spectrum of the source (especially in case of pure tones such as produced by rotating machines). Only in the case of a 

pink spectrum for the unsilenced noise source is the averaging of 1/3 octave band performance leading to a correct result for the 1/1 

octave band longitudinal attenuation.  

Attention has to be paid by the user of the software to use an 1/3 octave band spectrum for accurate sizing of dissipative silencers 

(and to take a safety margin for the uncertainty of the available input data and of the conditions of on-site installation of the silencer). 
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1.6: Miscellaneous: other calculations with SILDIS 

 
Effects of air humidity 
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Worksheet in-out CODIS 4 
 

 

    Dc (dB) 

    Dc (dB) 

Dc (dB) Dc (dB) 
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Worksheet in-out CORESPTR 
 

 

    Dc (dB) 

    Dc (dB) 

Dc (dB) Dc (dB) 
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Worksheet in-out CORESPTL 
 

 

    Dc (dB) 

    Dc (dB) 

Dc (dB) Dc (dB) 
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Appendix to Section 1: list of symbols  
 

General 

 

f: frequency (Hz) 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) 

t: time (s) 

 

Set of materials 
 

ilim: limit set index 

imax: maximum set index 

ξ : total number  of cloths and perforated protections accounted as porous media i.e. not accounted as series cloth (resp. series 

perforated protections) using electro acoustic analogie 

 

Dry air 

 

a: diffusivity (m2/s) 

c: (adiabatic) velocity of sound (ms-1) 

cp : specific heat (capacity) (at constant pressure) (J/kg/K) 

Cs: adiabatic compressibility (Pa-1) 

CT: isothermal compressibility (Pa-1) 

k: wave number (rad/m) 

Ks: adiabatic bulk modulus (Pa) 

KT: isothermal bulk modulus (Pa) 

t: temperature (°C) 

P: static/atmospheric pressure (Pa) 

Pr: Prandtl number   

R: gas constant (J/kg/K) 

V: volume (m3) 

Z: characteristic impedance (Nsm-3) 

 

β: coefficient of thermal expansion 

Γ: propagation constant (rad. m-1) 

η : dynamical viscosity (Nsm-2) 

λ: thermal conductivity (W/m/K) 

λ: wavelength (m) 

ν : kinematic viscosity (m2/s)  

ρ: density (kg/m3) 

 

subscript / superscript subscript superscript 

for normal conditions 0 N 

for test (room) conditions 0 * 

for service conditions 
front atmosphere 0  

rear atmosphere 0 ** 

 

Porous media 
 

a’, a’’: coefficients for the expression of Γan 
b’, b’’: coefficients for the expression of Zan 

c1, c2, c3, c4, c5, c6, c7, c8 : coefficients for the expression of Γan and Zan 
Cseff: adiabatic compressibility (Pa-1) 

E: non-dimensional parameter related to frequency, flow resistivity and density of dry air 

Kseff: adiabatic bulk modulus (Pa) 

RG: (bulk) density (kg/m3) 

Za: characteristic impedance (Nsm-3) 

Zan: normalized characteristic impedance 

 
α’, α’’: exponents for the expression of Γan 
β’, β’’: exponents for the expression of Zan 
α∞: (high frequency limit of the) tortuosity 

Γa: propagation constant (rad.m-1) 

Γan: normalized propagation constant 

Γax: propagation constant in the x-direction (rad.m-1) 

Γay: propagation constant in the y-direction (rad.m-1) 

Λ’: thermal characteristic length (m) 

Λ : viscous characteristic length (m) 

ρeff: effective density (kg/m3) 
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ø : (open) porosity 

σ: (static) air flow resistivity (=specific flow resistance) (Nsm-4) 

σ1x: (static) air flow resistivity in the x-direction for porous medium of set 1(Nsm-4) 

σ1y: (static) air flow resistivity in the y-direction for porous medium of set 1(Nsm-4) 

 

Note: subscript i for set i except for σ1x and σ1y 

 

Cloths 
 

d’: thickness (m) 

M’: surface density (kg/m2) 

R’: superficial flow resistance (Nsm-3) 

Rp’: parallel resistance (losses due to mounting) (Nsm-3) 

 

Note: subscript i for set i 

 

Perforated protections 
 

a: diameter of holes / width of slit (m) 

d’’: thickness (m) 

M’’: surface density (kg/m2) 

R’’: series flow resistance (Nsm-3) 

Rp’’: parallel resistance (losses due to mounting) (Nsm-3) 

ε: open area ratio 

 

Note: subscript i for set i 

 

Silencer 
 

a: a=h*2*π-0.5 (m) 

2a: width of airway (m)(for mounting C0 only) 

abulk: cf. step [F] (m) 

alocal: cf. step [F] (m) 

A : area of the duct above and below the silencer (m2) 

Af: area of the overall section of the silencer (m2) 

Af*: area of the duct above and below the silencer when the area of the duct is not equal to the area of the overall section of the 

silencer (m2) 

Ap : free area of the silencer (passage area of the airways) (m2) 

B: width for mounting R, R’’, RPTR, RPTR’’, RPTL, RPTL’’(m) 

d: overall thickness of the acoustic structure (m) 

d=2d/2: for dissipative silencers, thickness of extreme inner lagging (for mountings R, C1, C2 only) =  thickness of lining (for 

mountings Q, C0 only) (m) 

2d: for dissipative silencers, thickness of central splitters (for mountings R, R’’) = diameter of central pod (for mountings C1, C2 

only) = thickness of intermediate splitter (for mounting C2 only) (m) 

dbulk: cf. step [F] (m) 

dlocal: cf. step [F] (m) 

d*=2d*/2: for resonant silencers, thickness of extreme inner lagging (for mountings RPTR, RPTL only)   

2d*: for resonant silencers, thickness of central splitters (m)  

Da: propagation loss (dB/m) 

Da.L:longitudinal attenuation (dB) 

Di: insertion loss with flow and self noise (dB) 

Di’: insertion loss with flow without self noise (dB) (Di’=Da*L+Dc+Dr) 

Dc: correction for the limitation of the propagation loss (dB) 

Dr: reflection loss (dB) 

D0: overall diameter for mounting C0 (m) 

D1: overall diameter for mounting C1 (m) 

D2: overall diameter for mounting C2 (m) 

fco: cut-off frequency of the duct (Hz) 

h=2h/2: for dissipative silencers, width of extreme air way (for mounting R’’ only) (m) 

2h: for dissipative silencers, width of central airways (for mounting R” only) = width of the airways (for mountings R, C1, C2, Q) 

(m) 

hbulkl: cf. step [F] (m) 

hlocal: cf. step [F] (m) 

H: height for mounting R, R’’(m) 

Hs: for a resonant silencer only (half) airway in the chamber (m) 

Hsbulkl: for a resonant silencer only cf. step [F] (m) 

Hslocal: for a resonant silencer only cf. step [F] (m) 

L: length without aerodynamic extremities (m) 

Ls: for a resonant silencer only length of the chamber (m) 

M: Mach number 

N: for a dissipative silencer only number of central splitters (for mounting R only) 
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N’’: for a dissipative silencer only number of central splitters (for mounting R’’only) 

N*: for a resonant silencer only number of central splitters (for mounting RPTR, RPTL only) 
N’’*: for a resonant silencer only number of central splitters (for mounting RPTR’’, RPTL’’only) 

Q: overall width=overall height for mounting Q (m) 

Qm: mass flow rate (kg/s) 

Qv: volume flow rate (m3/s or m3/h or Nm3/h) 

Sa: for a resonant silencer only width between necks of chambers (m) 

Ss: for a resonant silencer only width of necks of chambers (m) 

T: for resonant silencers only period width such as T=Ss+Sa (m) 

Vf: speed of airflow in the area Af (m/s) 

Vf*: speed of airflow in the area Af* (m/s) 

Vp: speed of airflow in the area Ap (m/s) 

 

Δd: for resonant silencers with a rear lining only thickness such as Δd=d*-d (m) 

Λ=d/h  

ζf: total pressure loss coefficient in relation with airflow speed Vf 

ζf*: total pressure loss coefficient in relation with airflow speed Vf* 

ζp: total pressure loss coefficient in relation with airflow speed Vp 

θ : angle of the branches of the Pine Tree spiltters 

 

 
Miscellaneous 

 

See also corresponding § in General considerations and in Section 2 
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Section 1A: computation of silencers with discontinued 
splitters (MODULE 1A of the software) 

 

1A.1: Introduction 
 
Terms and definitions 

 
For the needs of the present user’s manual, the following terms and definitions apply (see NF EN ISO 14163 Acoustics - Guidelines 

for noise control by silencers, 1999): 

 

Silencer: device reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the carriage of the fluid  

 

Dissipative silencer: silencer attenuating the wideband sounds with a relatively low pressure loss and converting partially the 

acoustic energy into heat by friction on tubes having a porous or fibrous structure 

 
                                                                                         

 

 

 

 

 

 

 

 

 

 
                

 

 

 

 

 

 

 

 

 

 

 

Key of the previous figures 

 

2d: thickness of central splitters (for mountings RD & C1A) 

h=2h/2: width of extreme air way (for mounting RD) 

2h: width of central airways (for mountings RD & C1A)  

L: length of the silencer without aerodynamic extremities 
Nd: number of central splitters (for mounting RD) 
 

Concerning the area of the duct upstream and downstream (above and below the silencer) A compared to the area of the overall 

section of the silencer Ao, predictions with the software SILDIS can be done:  

 

 for mountings RD with A = Ao = Af, for mounting C1A with A ≠ = Ao (A = Af) 

 

Section of the duct above and 

below the silencer A 

depending on mounting 

 

Mounting RD 

 

Mounting C1A 

A=Af B*H Π*Dc2/4 

 

 
 

 
 
 

 

Mountings and geometry 

 
Silencers having rectangular cross sections are frequently used for industrial applications. 

 

For dissipative silencers with discontinued splitters, mountings for which predictions can be done with the software SILDIS are shown in 

fig.1A1

                              mounting RD                                                      mounting C1A                                             

fig.1A.1 cf. worksheet CODIS-1A           
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The direction parallel to the axis of the duct is referred to as x, the direction normal to the axis of the duct along the width B is 

referred to as y, the direction normal to the axis of the duct along the height H is referred to as z according to the fig. 1A.2 below  

 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 

1A.2: Scientific and technical background 
 

The prediction of acoustic and aerodynamic performances of dissipative silencers with SILDIS is founded on a scientific and 

technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

For a rectangular silencer, the obtained results are comparable with the standardized measurement with the plane wave excited alone 

as much as possible: see NF EN ISO 7235 Acoustics - Laboratory measurement procedures for ducted silencers and air terminal 

units - Insertion loss, flow noise and total pressure loss (2004). 

 

1A.2.1 Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a-1A] 

 
All computations have been gathered in this single step for the sake of simplicity. 

 
o Bibliography (references) : 

 

[a1-1A]  

[a2-1A]  

[a3-1A]  

[a4-1A] 

- 

 

[a5-1A]  
 

o Comments in relation with partial derivatives: 

 

Partial derivatives (and related quantities), which are usually employed to measure the equation of state of the fluid near 

the equilibrium state (with various notations according bibliographic sources) are written for the purpose of the present 

user’s manual with the following notations:  

 

 the isothermal compressibility of dry air is referred to as CT  

 

       CT =                          = 

 

 

 the isothermal bulk modulus of dry air is referred to as KT with KT=1/CT 

 

 the adiabatic compressibility of dry air is referred to as Cs 

 

       Cs =                          =                                because Cs = CT/κ 

 

 

 the adiabatic bulk modulus of dry air is referred to as Ks with Ks=1/Cs 

 

T T 

∂ρ 

∂P 
1 

V 
∂V 

∂P 
1 

ρ 
- 

T T 

∂ρ 

∂P 
1 

κV 
∂V 

∂P 
1 

κρ 
- 

fig.1A.2 

x 

y 

z 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        104/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

 the coefficient of thermal expansion of dry air is referred to as β   
 

       β  =                          = 

 

 

o Other comments: 

 

 when used the density of dry air ρ is computed according various models as shown in the table below: 

 

model MAR MEC 

source 

[a1-1A] 

using ideal 

gas law 

(derived 

from 

MARiottes’s 

law) (*) 

[a1-1A] 

using a 

regression 

 

* the gas constant of dry air R (J/kg/K) is set to 287 or 287.053 or 287.10 depending on the eponym selected 

model  

 

 when used the dynamical viscosity of dry air η is computed according various models as shown in the table below: 

 

model SUT VER MEC IDE 

source 

[a2-1A] 

using 

SUTherlan

d’s law) 

[a4-1A]  

[a1-1A] 

using a 

regression 

[a2-1A] 

using a 

regression 

limiting 

temperature 

-20 to 800 

°C 
? 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

 

Conversion 

factors 

micropoise centipoise poise 

= g/cm/s 

kg/m/s  

= Nsm-2 

micropoise 1 10-4 10-6 10-7 

centipoise 104 1 10-2 10-3 

poise 

= g/cm/s 
106 102 1 10-1 

kg/m/s 

= Nsm-2 
107 103 10 1 

 

 when used the kinematic viscosity of dry air ν is computed from [a1-1A] 
 

Note : ν = η/ρ 

 

Conversion 

factors 

centistokes 

= mm2/s 

stokes = 

cm2/s 

m2/s 

centistokes 

= mm2/s 
1 10-2 10-6 

stokes = 

cm2/s 
102 1 10-4 

m2/s 106 104 1 
 

 when used the adiabatic exponent of dry air κ is computed according various models as shown in the table below: 

 

model INV MEC MEC2 

source (*) 

[a1-1A] 

using a 

regression 

[a1-1A] 

using a 

regression 

limiting 

temperature 
- 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 
 

*κ is set to 1.399 or 1.400 or 1.401 or 1.402 depending on the eponym selected model  

 

 when used the specific heat (capacity) (at constant pressure) of dry air cp is computed according various models as 

shown in the table below: 

 

P P 

∂ρ 

∂T 
1 

V 
∂V 

∂T 
1 

ρ 
- 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        105/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

model MEC MEC2 KRA 

source 

[a1-1A] 

using a 

regression 

for a (the 

regression 

for  cp being 

in error) 

[a1-1A] 

using a 

regression 

for Pr (the 

regression 

for  cp 

being in 

error) 

[a3-1A] 

using a 

regression 

limiting 

temperature 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 

 

 the following relation applies         κ - 1 =                           
 

 when used the thermal conductivity of dry air λ is computed according various models as shown in the table below: 

 

model MEC KRA 

source 

[a1-1A] 

using a 

regression 

[a3-1A] 

using a 

regression 

limiting 

temperature 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 
 

 when used the diffusivity of dry air a is computed from [a1] 

 

Note : a = λ/ρ/cp 

 

 when used the Prandtl number of dry air Pr is computed from [a5-1A] 

 

Note : Pr = ν/a = η/ρ/a = η.cp/λ 

 
 when used the (adiabatic) sound velocity in dry air c is computed from [a5-1A] 

 

Note : c = (Ks/ρ)0.5 

 

 when used the characteristic impedance of dry air Z is computed from [a1-1A] 

 

Note : Z = ρc 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

  β2.T  

CS.cp.ρ 
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1A.2.2 Acoustics:  

 

• Bloc diagram for rectangular dissipative silencers: the computation scheme for rectangular dissipative silencers is 

as shown on fig 1A.3 below  
 

 
 

 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-002x] pages 6 to 7, report 

[PhRxx-006x] pages 2 to 3, report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to as [A-1A] to [K-1A] have been taken into account 

for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has 

been omitted for the sake of simplicity; the calculation is carried out with the hypothesis of plane waves, typically regarded as the 

least attenuated mode (only for step [H-1A] are other modal contributions taken into account)  

 

Note 3:  analytical calculations are involved in steps [A-1A] and [J-1A] to [K-1A]; empirical methods are involved in steps [G-1A] 

to [I-1A] 

 

Note 4: step [F-1A] is depending on the conditions of axial sound propagation inside the lining 

 

Note 5: the bloc diagram above is suitable for rectangular dissipative silencers, for the mounting SD . 

 

• Steps of the computation 

 

Steps [A-1A] to [F-1A] 
 

Those steps aim at taking into account the properties of the filling of splitters (cf. fig 1A.4)and at calculating the propagation 

loss with flow of the silencer. 
 

                                                   Sketch                                                                       Nomenclature                                                                       

 

                                                                         

                                                       

                                                                            

 

 

 
                      Airway                                                            

 

 

 

 

 
                                              E    D                C 

 

 
 

 

 

 

 

 

 

land 

mark 
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E 
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protection 

D 
series cloth 

 

C 
porous 

medium 

Fig. 1A3 

Fig. 1A4 
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o Bibliography (references) : 

 

[A-1A1] 

- 

- 

 

[A-1A2]  

[A-1A3]  

 

o Comments : 

 

Depending on the model used for propagation loss calculation, some of the following parameters are taken into account 

 

Mounting RD 

 

model 4 9 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program 

is computing appropriate 

flow resistivity of filling 

accordingly & appropriate 

airway accordingly).  

r = σ * d / 

Zo 
≈12.5 

d/h ≈ 2.0 

Blockage 

ratio BR 
≈ 0.441 

1-BR ≈ 0.559 

M 

supported 

by the 

model 

M =0 
0.0 ≤ M ≤ 

0.117 

 

 

Mounting RD 

 

model 6 10 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program 

is computing appropriate 

flow resistivity of filling 

accordingly & appropriate 

airway accordingly).  

r = σ * d / 

Zo 
≈12.5 

d/h ≈ 1.35 

Blockage 

ratio BR 
≈ 0.331 

1-BR ≈ 0.669 

M 

supported 

by the 

model 

M =0 
0.0 ≤ M ≤ 

0.058 
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Mounting RD 

 

model 7 11 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program 

is computing appropriate 

flow resistivity of filling 

accordingly & appropriate 

airway accordingly).  

r = σ * d / 

Zo 
≈12.5 

d/h ≈ 3.9 

Blockage 

ratio BR 
≈ 0.636 

1-BR ≈ 0.364 

M 

supported 

by the 

model 

M =0 
0.0 ≤ M ≤ 

0.148 

 

Mounting RD 
 

model 8 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit 

known (the 

program is 

computing 

appropriate 

flow 

resistivity of 

filling 

accordingly 

& 

appropriate 

airway 

accordingly).  

r = σ * d / 

Zo 
≈12.5 

d/h ≈ 2.0 

Blockage 

ratio BR 
≈ 0.441 

1-BR ≈ 0.559 

M 

supported 

by the 

model 

-0.3 ≤ M ≤ 

0.3 
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Mounting RD 

 

model 12a250 12a500 12a1000 12b250 12b500 12b1000 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing appropriate flow resistivity of filling accordingly & 

appropriate airway accordingly) 

r = σ * d / 

Zo 
≈ 4.6 ≈ 9.2 ≈ 18.4 ≈ 9.2 ≈ 18.4 ≈ 36.8 

d/h ≈ 6.5 

Blockage 

ratio BR 
0.75 

1-BR 0.25 

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 

 

Mounting RD 
 

model 12c250 12c500 12c1000 12d250 12d500 12d1000 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing appropriate flow resistivity of filling accordingly & 

appropriate airway accordingly) 

r = σ * d / 

Zo 
≈ 4.6 ≈ 9.2 ≈ 18.4 ≈ 9.2 ≈ 18.4 ≈ 36.8 

d/h ≈ 2.4 

Blockage 

ratio BR 
0.50 

1-BR 0.50 

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 

 
Mounting RD 

 

model 12e250 12e500 12e1000 12f250 12f500 12f1000 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing appropriate flow resistivity of filling accordingly & 

appropriate airway accordingly) 

r = σ * d / 

Zo 
≈ 4.6 ≈ 9.2 ≈ 18.4 ≈ 9.2 ≈ 18.4 ≈ 36.8 

d/h 1 

Blockage 

ratio BR 
0.25 

1-BR 0.75 

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 
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Mounting RD 

 

model 12ace250 12ace500 12ace1000 12bdf250 12bdf500 12bdf1000 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing appropriate flow resistivity of filling accordingly & 

appropriate airway accordingly) 

r = σ * d / 

Zo 
≈ 4.6 ≈ 9.2 ≈ 18.4 ≈ 9.2 ≈ 18.4 ≈ 36.8 

d/h 1 ≤ d/h ≤ 6.5  

Blockage 

ratio BR 
0.25 ≤ BR ≤ 0.75 (to be selected by user) 

1-BR 0.25 ≤ 1-BR ≤ 0.75  

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 

 

Mounting RD 
 

model 12a 12b 12c 12d 12e 12f 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing appropriate flow resistivity of filling accordingly & 

appropriate airway accordingly) 

r = σ * d / 

Zo 

4.6  ≤ r  ≤  

18.4 

9.2 ≤ r  ≤  

36.8 

4.6 ≤ r  ≤   

18.4 

9.2 ≤ r  ≤  

36.8 

4.6 ≤ r  ≤  

18.4 

9.2 ≤ r  ≤   

36.8 

d/h ≈ 6.5 ≈ 2.4 1 

Blockage 

ratio BR 
0.75 0.50 0.25 

1-BR 0.25 0.50 0.25 

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 

 

Mounting RD 

 

model 12ace 12bdf 

source [A-1A1] 

2d (m) 

supported 

by the 

model 

no limit known (the program 

is computing appropriate 

flow resistivity of filling 

accordingly & appropriate 

airway accordingly) 

r = σ * d / 

Zo 

4.6 ≤ r  ≤  

18.4 

9.2 ≤ r  ≤  

36.8 

d/h 1 ≤ d/h ≤ 6.5 

Blockage 

ratio BR 

0.25 ≤ BR ≤ 0.75 (to be 

selected by user) 

1-BR 0.25 ≤ 1-BR ≤ 0.75 

M 

supported 

by the 

model 

0 ≤ M ≤ 0.2 
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Mounting C1A 

 

model 11-18-10k 11-18-20k 11-18-40k 

source [A-1A3] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing 

appropriate flow resistivity of filling 

accordingly & appropriate airway 

accordingly) 

r = σ * d / 

Zo 
≈ 1.2 ≈ 2.4 ≈ 4.9 

d/h 1 

Blockage 

ratio BR 
0.111 

1-BR 0.889 

M 

supported 

by the 

model 

 M=0 

da/4h 0.5 

da/d 2 

 
Mounting C1A 

 

model 11-18 

source [A-1A3] 

2d (m) 

supported 

by the 

model 

no limit 

known (the 

program is 

computing 

appropriate 

flow 

resistivity of 

filling 

accordingly 

& appropriate 

airway 

accordingly) 

r = σ * d / 

Zo 
1.2 ≤ r  ≤  4.9 

d/h 1 

Blockage 

ratio BR 
0.111 

1-BR 0.889 

M 

supported 

by the 

model 

 M=0 

da/4h 0.5 

da/d 2 
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Mounting C1A 

 

model 11-21 

source [A-1A3] 

2d (m) 

supported 

by the 

model 

no limit 

known (the 

program is 

computing 

appropriate 

flow 

resistivity of 

filling 

accordingly 

& appropriate 

airway 

accordingly) 

r = σ * d / 

Zo 
1.2 

d/h 1 

Blockage 

ratio BR 
0.111 

1-BR 0.889 

M 

supported 

by the 

model 

-0.08 ≤ M ≤ 

0.08 

da/4h 0.5 

da/d 2 

 

Mounting C1A 
 

model 30-1-0.5     30-1-1 30-1-2 

source [A-1A2] 

2d (m) 

supported 

by the 

model 

no limit known (the program is computing 

appropriate flow resistivity of filling 

accordingly & appropriate airway 

accordingly) 

r = σ * d / 

Zo 
1.5 

d/h 2 

Blockage 

ratio BR 
0.75 

1-BR 0.25 

M 

supported 

by the 

model 

 M=0 

da/4h 0.5 1 2 

da/d 1 2 4 
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Mounting C1A 
 

model 30-1 

source [A-1A2] 

2d (m) 

supported 

by the 

model 

no limit 

known (the 

program is 

computing 

appropriate 

flow 

resistivity of 

filling 

accordingly 

& appropriate 

airway 

accordingly) 

r = σ * d / 

Zo 
1.5 

d/h  

Blockage 

ratio BR 
0.75 

1-BR 0.25 

M 

supported 

by the 

model 

 M=0 

da/4h 0.5 to 2 

da/d 1 to 4 

 

Step [G-1A] 
 

This step aims at taking into account a bypass correction (i.e. a limitation of the propagation loss in case of a length of the 

silencer over 1m: indeed, compared with the estimation obtained with an hypothesis of proportionality of the performance to the 

length of the silencer, in order to predict an insertion loss).  

 

o Bibliography (references) : 

 

[G1-1A] 

- 

 

[G2-1A] 

- 

 

[G3-1A]  

 

o Comments : 

 

The bypass correction (Dc in dB) is basically computed at frequency steps of 1/3 octave: 

 

for L≤1m: Dc = 0 and for L>1m: Dc = ∆D * ( 1 – L ) with ∆D in dB/m 

 

 general case 
 

An extrapolation of the original value of ∆D mentioned in [G1-1A] is used for SILDIS, allowing calculations in an 

extended range of values of σy1 for values of Λ=d/h to be précised on the occasion of a future revision of this user’s 

manual  

 

Note 1: the data pool used for the determination of the original value of ∆D mentioned in [G1-1A] is related to 

splitters filled with 1 porous medium with a flow resistivity σx1 =? σy1 from 9 to 15 kNsm-4: no influence of the 

speed of the airflow seems to be taken into account for the computation, no influence of a series cloth seems to be 

taken into account for the computation, no influence of a series perforated protection seems to be taken into account 

for the computation 

 

Note 2: in [G3-1A] is mentioned for [G2-1A] basing [G1-1A] complementary information. The data pool used for ∆D 

is related to splitters “in 1 piece” with a thickness 2d=0.1 or 2d=0.2 m with Λ=d/h=0.5 to 4 
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Model FRO ZER 

Bypass correction as above no limitation 

 

*although at the time of the present user’s manual the conditions of the measurement of the data pool ([G1-

1A],[G2-1A]) are not known with accuracy, one can consider that: Dc = Dc1 + Dc2 (the 2 terms being presently 

not known separately) with: 

 

 Dc1 to be accounted for the vibration transmission along the duct wall, for the sound transmission over the 

duct wall, for the vibration transmission along the splitter frame (as described in [G1-1A] and for the 

imperfection of the interface between the lining and the duct 

 

 Dc2 to be accounted for the inhomogeneity of the used absorber in directions parallel to and perpendicular 

to its surface: a unique model is used for taking into account the limitation of propagation whatever 

σx1/σy1 is (may be that this correction should be used only in the case of an inhomogeneous absorber in 

directions parallel to and perpendicular to its surface when the hypothesis σx1/σy1=1 is used for the 

computation).  

 

For those reasons, the value obtained by the means of the unique model FRO has to be considered as a typical 

general estimation of the limitation of the propagation loss useful when no accurate regression is available for a 

silencer with a particular filling and particular modalities of construction (this is often the case) 

 

Step [H-1A] 
 

This step aims at taking into account the reflection loss in the silencer, in order to predict an insertion loss.  

 

o Bibliography (references) : 

 

[H1-1A] 

- 

 

[H2-1A] 

- 

 

[H3-1A]  

 

o Comments : 

 

The reflection loss (Dr in dB) is basically computed at frequency steps of 1/21 octave (then averaged per 1/3 octave 

frequency band). 

 

 general case: no influence of the speed of the airflow is taken into account for the computation 

 

Model MUL (*) ZER 

Reflection loss 

as above 

(higher modes 

integrated) 

no reflection 

 

* No influence of a series cloth is taken into account for the computation, no influence of a series perforated 

protection is taken into account for the computation. The data pool used for Dr is related to splitters with a thickness 

2d=0.1 or 0.2 or 0.3 m, filled with 1 porous medium with a flow resistivity σx1 = σy1 from 9 to 15 kNsm-4 (an 

extrapolation of Dr with a different thickness has been used). At the time of the present user’s manual the conditions 

of the measurement of the data pool ([H2-1A],[H3-1A]) are not known with accuracy, especially the higher modes 

propagating in the duct in relation with the characteristics of the  testing facility mentioned in [H2-1A] (with a front 

section from 0.5m*0.5m to 1.3m*0.5m). For those reasons, the value obtained by the means of the unique model 

MUL has to be considered as a typical estimation of the reflection loss for a duct of dimensions comparable to testing 

facility mentioned in [H2-1A] when no accurate information is available regarding the higher order modes (this is 

often the case). 

 

Step [I-1A] 
 

This step aims at taking into account the self noise of the silencer (noise produced by the airflow).  

 
For dissipative silencers 
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o Bibliography (references) : 

 

[I1-1A] 

- 

 

[I2-1A]  

[I3-1A]  

[I4-1A]  

[I5-1A]  

[I6-1A]  

[I7-1A]  

[I8-1A]  

[I9-1A] 

- 

 

[I10-1A]  

[I11-1A] 

- 

 

  

o Comments: the self noise (acoustic power of flow noise Lw in dB ref 1E-12W) is basically computed at frequency steps 

of 1/1 octave. 

 

 for the mounting of the worksheet CODIS-1A (RD), the determination of the self noise is done according various 

models as shown in the tables below: 

 

model DN1 DN2 NF1 NF2 2081A 

source [I1-1A] [I1-1A] [I2-1A] 
[I2-1A]  

(*) 

[I3-1A] 

(**) (***) 

 

 

model 2081B 2081R 2081C1 MUN VER 

source 
[I4-1A] 

(**)(***) 

[I5-1A] 

(**)(***) 

[I5-1A] 

(**)(***) 

[I8-1A] 

 (***) 

[I9-1A] 

 (***) 

 

(*) B (dB) and δ (m) are input data (**) with an additional correction for temperature 

(***) with an additional correction for pressure  

 

 for the models 2081 and 3733, a spectral correction is used  according various models as shown in the tables below: 

 

model 2081 FRO 3733 

source [I5-1A]  [I11-1A]  [I7-1A]  

 

Warning: at the time of the writing of this manual, all the consequences of the choice of one or the other model are not known 

with accuracy. The choice of the model can be done by the user allowing tests and feed-back. 

 

Step [J-1A] 
 

This step aims at calculating the insertion loss without taking into account the self noise.  

 

o Bibliography (references) : 

 

[J1-1A] 

- 

 

 

o Comments : 

 

The insertion loss without taking into account the self noise (Di’ in dB) is computed at frequency steps of 1/3 octave (then 

calculated per 1/1 octave frequency band for a reference acoustic power spectrum Lw0 in dB ref 1E-12W). 

 

Di’ = Da * L + Dk + Dr 

 

Step [K-1A] 
 

This step aims at calculating the insertion loss of the silencer including its self noise.  

 

o Bibliography (references) : 

 

[K1-1A] 

- 

 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        116/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

o Comments : 

 

The sound power level with silencer including self noise (Lw1 in dB ref 1E-12W) is basically computed at frequency 

steps of 1/1 octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   
 

Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular silencers, the obtained results are comparable with the standardized measurement: see NF EN ISO 

7235 Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise 

and total pressure loss (2004). 

 

Aerodynamics:  
 

• Steps of the computation 

 

Step [α-1A] 
 
All computations have been gathered in this single step for the sake of simplicity (this step aims at computing the total 

pressure loss due to the silencer).  
 

o Bibliography (references) : 

 

[α1-1A]  

[α2-1A] 

- 

 

[α3-1A]  

[α4-1A]  

[α5-1A]  

[α6-1A]  

[α7-1A]  

[α8-1A]  

[α9-1A]  

[α10-1A]  

[α11-1A]  

[α12-1A]  

[α13-1A]  

 

o Comments : 

 

The total pressure loss due to the silencer is computed with the hypothesis of a uniform air flow (supposed to not be rotational), 

taking into account the aerodynamics type upstream and downstream (*): 

 

Aerodynamics type 

downstream 
R C 

mounting RD Rectangular 

1/2 Circle  

1/2 Circle for central splitters, 1/4 Circle for 

extreme inner lagging 

1/4 Circle for extreme inner lagging 

 

Aerodynamics type 

downstream 
R C P 

mounting RD Rectangular 

1/2 Circle  
Profiled according sketch, the dotted line 

showing either a symmetry plane or an 

impervious rigid back  (see fig.1A.4) 

1/2 Circle for central splitters, 1/4 Circle for 

extreme inner lagging 

1/4 Circle for extreme inner lagging 
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 for the mountings RD & C1A, the determination of the total pressure loss is done is done according various models as 

shown in the tables below: 

 

Model FRO MEC 2081C1 BER ISO 

source [α1-1A] [α2-1A] [α6-1A] [α3-1A] 
[α4-1A] 

[α7-1A] 

 

Above models are using input data supposed to be suitable for an equivalent rectangular silencer with continuous splitters. 

The use of those models is discouraged as long a sno appropriate validation of this methodology is available. 

 

 for the mountings RD & C1A, the determination of the total pressure loss is also done is done according various models 

as shown in the tables below: 

 

Model IDE 2081C 
TRO-

CB 
LIN-G LIN-T 

source [α5-1A] [α6-1A] 

[α9-1A] 

[α10-

1A] 

[α3-1A] 
[α4-1A] 

[α7-1A] 

 

For mounting RD, above models are using input data supposed to be suitable for of an equivalent circular silencer. 

The use of models IDE, LING-G, LIN-T is discouraged as long a sno appropriate validation of this methodology is 

available. 

The use of model TRO-CB is rectrivted to cases where BR ≈ 0.380 i.e.1-BR ≈ 0.620 i.e. d/h ≈ 3.2 

 

In case of rectangular silencers, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and total 

pressure loss. 
  

*a safety factor has to be used (by the user) for taking into account the inhomogeneity of the inflow (see [α2-1A],[α5-1A]) 

leading to predictions lower than on-site values 

 

1A. 3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA-1A] E13, J37 

[in COSIL-1A] D25, BD25, D37, D43, 

D44, D45 

 

Worksheets 

 

Regarding the COmputation of DIssipative Silencers, the software SILDIS is configurated in order to allow the user to access to 4 

worksheets being  linked as shown in fig.1A.5 (the overview of the worksheets being shown in table below). 

 

 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

 

 

Fig. 1A.5 

something like that *  

Fig.1A.4                                                              
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Concerning the worksheet [in COALA-1A]: 

 

 a complementary set (set 0) and a rear atmosphere are displayed: they are none of interest for the COmputation of DIssipative 

Silencers (only the case of an impervious rigid back at the rear of set1 applies for the COmputation of SILencers) 

 data concerning series thin plates are displayed: they are none of interest for the COmputation of DIssipative Silencers (not 

taken into account whatever the input data concerning thin plates are in worksheet in [COALA]) 

 

Worksheet 
Suitable for  

mountings 
Input data Results 

[in COALA-1A] all for sets, for reference spectrum -- 

[in COSIL-1A] all 
particular conditions for the design of 

the silencer 
-- 

[in-out CODIS-R-1A] RD condition of propagation (of sound) 
indicators of performance (acoustics 

& aerodynamics) 

[in-out CODIS-C1-1A] C1-1A condition of propagation (of sound) 
indicators of performance (acoustics 

& aerodynamics) 

[in-out CODIS-C0 1/2-1A] C0 ½ -1A 

condition of propagation (of sound), 

half of the thickness of central splitter 

(pod) for which simulation by the 

means of mounting RD is envisaged 

indicators of performance (acoustics 

recognized as un-accurate 12-01-

2017 due to the change in f.h-basis & 

aerodynamics) 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 
 

As far as porous media, series cloths and series perforated protections are concerned, specific data bases (libraries) (will) allow 

the design to be made with in-built engineering data (constants) referred to as “Usual” in the worksheets of the software. 

Warning: some properties of the presently referenced materials still not have been checked by reliable sources. See also report 

[PhRxx-015x] Collection of soundproofing constructions systems: a companion to “User’s manual for the software SILDIS”  
 

 data base (library) for porous media 

 

 contents of the library: 1 possible reference of material layer 

 

 data base (library) for series cloths 

 

 contents of the library: 1 possible reference of material layer 

 

 data base (library) for series perforated protections 

 

 contents of the library: 1 possible reference of material layer 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in COALA-1A] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Language C1 
for English input E, for 

French input F 
 

Date B3 
Modification of the 

displayed date  
 

Project E3 Input a string  

Title M3 Input a string  

Temperature D6 Input a real number 
common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 
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Pressure D7 
Input a real positive 

number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

Dry clean air ? D9 
For NO press 0, for YES 

press 1 

If not dry clean air then goto in CNTP-1A BYO, in 

room-1A BYO, in atm amont 1A BYO to enter 

appropriate input data 

Maximum set index imax E13 
Input an integer from 0 to 

4 

imax is the maximum set 

index taken into account 

for the computation, 

despite the status of the 

selection of the 

parameters related to sets 

with an index i> imax 

 

Reference 
G18 to 

K18 

Select a material (in the 

proposed list) for each 

layer of interest 

for CODIS only: a 

possible inhomogeneity 

in directions parallel to 

and perpendicular to its 

surface (i.e. different 

properties - depending on 

the used model - in 

directions x and y) is 

considered for the porous 

medium of set 1 ( porous 

media of sets 2 to 4 being 

considered 

homogeneous) 

Thickness G37 to J37 
Input a real positive 

number 
 

Reference G45 to J45 

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

Incorporation of the series 

perforated protection (0/1) 
G57 to J57 

For NO press 0, for YES 

press 1 
 

Thickness G58 to J58 
Input a real positive 

number 

taken into account for the 

computation as a non 

zero value only if 1 in 

cell just above 

Reference 
T18 to 

W18 

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

Incorporation of the series 

cloths (0/1) 

T23 to 

W23 

For NO input 0, for YES 

input 1 
 

Thickness 
T24 to 

W24 

Input a real positive 

number 

taken into account for the 

computation as a non 

zero value only if 1 in 

cell just above 

Lw0 only known per 1/1 

octave frequency band (0/1) 
R62 

For NO input 0, for YES 

input 1 

In case of input “0”: the input data of the table below 

are not applicable, the next table only must be filled 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

 

Lw0 

B70 to 

P70 

B73 to 

P73 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

In case of Lw0 only known per 1/1 octave frequency 

band, default values are foreseen such as 

Lw0 1/3 oct  =  Lw0 1/1 oct - 4.8 (dB) 

 

o Comments :  

 

 some data of the table above may not be  modifiable by the user despite the displayed color of the cell  

 

 data of the second table (below) are not taken into account for the design of dissipative silencers  

 

Item 
Cell for 
input 

Foreseen action Comment 

Rear atmosphere ? (0/1) O8 
For NO input 0, for YES 

input 1 
not taken into account for CODIS 

Reference 
T31 to 

W31  

Select a reference of 

element (material in the 

proposed list) for each 

layer of interest 

 

(1/2) Y31 
Select a number (in the 

proposed list) 

select 1 (resp. 2) to get for set 0 the same plate as for 

set 1 (resp. set 2) 
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Model of losses 
T36 to 

W36 

Select a model (in the 

proposed list) 
 

Model of effective critical 

frequency 

T37 to 

W37 

Select a model (in the 

proposed list) 
 

Number of identical plates 
T38 to 

X38 

Input a real positive 

number 
 

Thickness 
T39 to 

W39 

Input a real positive 

number 

taken into account for the computation as a non zero 

value only if a non zero value in cell just above 

 

Note: temperature (resp. pressure) of cell D6 (resp. D7) also apply to thin plates 

 
 data of the third table (below) are not modifiable by the user despite the displayed color of the cell 

 

Item 
Cell for 
input 

Foreseen action Comment 

For (test) room conditions 

below: temperature 
S48 Input a real number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

For (test) room conditions 

below: pressure 
S49 

Input a real positive 

number 

common value applicable to the fluid, to porous 

media, to series cloths, to perforated protection 

 

 despite not originally integrated to SILDIS, service conditions involving a fluid being not dry clean air can be 

accounted in the most recent versions of the software 

 

Item 
Cell for 
input 

Foreseen action Comment 

dry clean air ? (0/1 D9 
For NO input 0, for YES 

input 1 

In case of a fluid being not dry clean air, additional 

input data to be entered using worksheet [in CNTP-

1A BYO], worksheet [in atm amont-1A BYO] 

 

Worksheet [in CNTP-1A BYO], Worksheet [in atm amont-1A BYO] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

constante individuelle 

(J/kg/K) 
I2 

Input a real positive 

number 
Individual constant 

constante adiabatique I3 
Input a real positive 

number 
Adiabatic constant 

masse volumique (kg/m3) I6 
Input a real positive 

number 
density 

vitesse du son (m/s) I7 
Input a real positive 

number 
Speed of sound 

viscosité dynamique 

(micropoises) 
I12 

Input a real positive 

number 
Dynamic viscosity 

Cp (J/ kg °C) I15 
Input a real positive 

number 
Specific heat (capacity) (at constant pressure) 

lambda (W/m °C) I17 
Input a real positive 

number 
Thermal condusctivity 

 

Worksheet [in COSIL-1A] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Limit set index ilim D14 
Input an integer from 1 to 

imax 

imax- ξ ≤ ilim ≤ imax (ξ being the total number of 

cloths and perforated protections accounted as porous 

media) 

Blockage ratio Y22 Input a real For mounting RD only 

da/4h ratio AS22 Input a real For mounting C1A only 

Mass flow rate D33 Input a real 

A positive value is related to a direction of airflow 

equal to the direction of propagation of sound, a 

negative value is related to a direction of airflow 

opposite to the direction of propagation of sound 

Width B (m) AA40 Input a positive real 
For mounting RD only. If a particular value of NB is 

wished then input the value given in AE40 
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Height H (m) AA41 Input a positive real 
For mounting RD only. If a particular value of NH is 

wished then input the value given in AF41 

Length L (m) AA42 Input a positive real Without aerodynamics extremities 

E 

quivalence model with 

silencer with continuous 

splitters based on airways 

widths conservation ? (0/1) 

AH51 
For NO input 0, for YES 

input 1 
 

Model of reflection loss G53 
Select a model (in the 

proposed list) 
 

Model of by-pass correction  
E57 to 

G57 

Select a model (in the 

proposed list) 
 

Aerodynamics upstream D60 
Select a model (in the 

proposed list) 
 

Aerodynamics downstream D61 
Select a model (in the 

proposed list) 
 

Roughness of lining Δ (m) U66 Input a positive real  

Model of total pressure loss U68 
Select a model (in the 

proposed list) 

For the COmputation of DIssipative Silencers with 

mountings RD & C1A 

For model NF2 only B (dB) E69 Input a positive real For the COmputation of DIssipative Silencers with 

mountings  RD & C1A For model NF2 only δ (m) G69 Input a positive real 

For all models 2081,3733, 

FRO only spectral 

correction model 

G70 
Select a model (in the 

proposed list) 

Used for the interpolation of a ponderation curve 

(generally of secondary importance) 

Model for the flow acoustic 

power 
U70 

Select a model (in the 

proposed list) 

For the COmputation of DIssipative Silencers with 

mountings RD & C1A 

 

 

o Comments : 

 
 some data of the table above may not be  modifiable by the user despite the displayed color of the cell  

 

Worksheet [in-out CODIS-R-1A] 
 

o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Condition of propagation W182 
Select a model (in the 

proposed list) 

among the possible conditions of propagation in 

porous medium of set 1 (for the COmputation of 

DIssipative Silencers σx1/σy1=∞, σx1/σy1=1, 
σx1/σy1=var. 

 

o Comments : 

 
 some data of the table above may not be  modifiable by the user despite the displayed color of the cell  

 

Worksheet [in-out CODIS-C1-1A] 
 

o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Condition of propagation W182 
Select a model (in the 

proposed list) 

among the possible conditions of propagation in 

porous medium of set 1 (for the COmputation of 

DIssipative Silencers σx1/σy1=∞, σx1/σy1=1, 
σx1/σy1=var. 

 

o Comments : 

 
some data of the table above may not be  modifiable by the user despite the displayed color of the cell 
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Worksheet [in-out CODIS-C0 1/2-1A] 
 

o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Half of the thickness central 

splitter 
E93 Input a real 

Half of the thickness of central splitter (pod) for 

which simulation by the means of mounting RD is 

envisaged 

Condition of propagation W182 
Select a model (in the 

proposed list) 

among the possible conditions of propagation in 

porous medium of set 1 (for the COmputation of 

DIssipative Silencers σx1/σy1=∞, σx1/σy1=1, 
σx1/σy1=var. 

 

o Comments : 

 
some data of the table above may not be  modifiable by the user despite the displayed color of the cell 

 

Worksheet [in-out CODIS-R-1A], Worksheet [in-out CODIS-C1-1A], Worksheet [in-out CODIS-C0 1/2-

1A] 

 
o Main displays of the results : 

 

 total pressure loss: see lines 98 to 100  

 

Note: the following equation is considered for the definition of total pressure loss coefficients ζf, ζf*, ζp:  

 

∆pt = ζp . 0.5 . ρ .(Vp) 2 = ζf . 0.5 . ρ . (Vf) 2 =  ζf * . 0.5 . ρ . (Vf*) 2 

 

∆pt: total pressure loss (Pa) 

ρ: density of fluid (kgm-3) 

Vp: speed in the area Ap (ms-1) 

Vf: speed in the area Sf (ms-1) 

Vf*: speed in the area Sf (ms-1) 
 

 insertion loss without flow: see line 105  per 1/1 octave frequency band and in terms of A weighted global value with 

reference to the reference acoustic power spectrum. 
 

Note: those results are intermediate/complementary results not equal (generally speaking) to the insertion loss with flow 

and self noise that the user has to use as the only reliable indicator of performance of the performance of the silencer. Those 

results are only displayed in order to allow the evaluation of the impact of airflow - other than self noise - by the means of a 

comparison with results displayed line 106. 
 

 insertion loss with flow without flow noise (Di’): see line 106  per 1/1 octave frequency band and in terms of A weighted 

global value with reference to the reference acoustic power spectrum. 
 

Note 1: those results are intermediate/complementary results not equal (generally speaking) to the insertion loss with flow 

and self noise that the user has to use as the only reliable indicator of performance of the performance of the silencer. Those 

results are only displayed in order to allow the evaluation of the impact: 

 

- of airflow - other than self noise - by the means of a comparison with results displayed line 105 

- of flow noise by the means of a comparison with results displayed line 162 

 

Note 2: since the insertion loss is predicted from the sum of the longitudinal attenuation, a bypass correction and reflection 

loss, the results corresponding to the different terms of the sum are also displayed in order to allow the evaluation of the 

impact of each one (see table below). 
 

Term of the sum Cells for display Notation Comment 

longitudinal attenuation A108 to L127 Da.L curve and table of results 

per 1/3 octave band, per 

1/1 octave frequency 

band and in terms of A 

weighted global value 

with reference to the 

reference acoustic power 

spectrum 

by pass correction M108 to X127 Dc 

reflection loss A129 to L148 Dr 

insertion loss without self 
noise 

M129 to X148 D’i= Da.L+ Dc+ Dr 

 

 self noise (acoustic power of flow noise): see line 153 per 1/1 octave frequency band and in terms of A weighted global 

value  
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 not A-weighted acoustic power with silencer (Lw1): see line 156 per 1/1 octave frequency band and in terms of A 

weighted global value with reference to the reference acoustic power spectrum. 

 

 A-weighted acoustic power with silencer: see line 157 per 1/1 octave frequency band  
 

 insertion loss with flow and self noise (Di): see line 162 per 1/1 octave frequency band and in terms of A weighted global 

value with reference to the reference acoustic power spectrum. 

 

 acoustic power without silencer (Lw0) and acoustic power with silencer including self noise (Lw1) versus frequency 

see lines 164 to 184 columns A to F per 1/1 octave frequency band and in terms of A weighted global value with reference 

to the reference acoustic power spectrum. 

 
 insertion loss with flow without self noise (Di’) and insertion loss with flow and self noise (Di) versus frequency see 

lines 164 to 184 columns G to L per 1/1 octave frequency band and in terms of A weighted global value with reference to 

the reference acoustic power spectrum. 

 

1A.4: Examples of computation with SILDIS 
 

Example 1A.4.1 dissipative silencer with a rectangular cross section 

 

Envisaged application 

 
It is wished to compute the acoustic and aerodynamic performances of a dissipative silencer with a rectangular cross section 

(width B=1200mm [1], height H=1200mm [2], length L=1000mm [3]), having rectangular edged [4] splitters of thickness 2d such as 

2d-2d’1=398.6mm [5] with a open area ratio of 55.5% [6] made of one [7] inhomogeneous in directions parallel to and perpendicular 

to its surface bulk absorber [8] having the reference DISP (resp. DISN) in the database for porous media of SILDIS [9] with [10] a 

cloth of thickness d’1=0.5/100 mm [11] having the reference DIS in the series cloths database of SILDIS [12] with a perforated 

protection of thickness d’1=0.7 mm [12bis] with holes diameter 3 mm spaced by a distance 5 mm with an hexagonal array, referred 

to as R3T5in data base [13] 

It is foreseen to use the silencer with an air flow rate of  32.645 kg/s [14] at 20 °C [15] at a pressure of 101325 Pa [16].  

It is decided to not take into account a limitation of the propagation loss for L>1m [17] and to not take into account the reflection 

loss [18]. 

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

It is chosen to predict the self noise of the silencer in the way described with the model referred to as 2081B [21] 

It is chosen to predict the back pressure with the model referred to as 2081C [22] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see figures in brackets in the 

previous §, used as placemarks for explaining the selection below).The input cells will be referred to thanks to their EXCEL’s 

coordinates (column / line) in the following part of the present user’s manual. 
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Worksheet [in COALA-1A] for example 1A.4.1  

 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input 

See placemark / 

comment 

Temperature D6 Input a real number 20 [15] 

Pressure D7 
Input a real positive 

number 
101325 [16] 

Maximum set index imax E13 
Input an integer from 1 to 

4 
1 [7] 

Reference J18 to K18 

Select a reference  

(material in the proposed 

list) for each layer of 

interest 

DISN, DISP [8],[9] 

Thickness J37 
Input a real positive 

number 
0.19930 [5] 

Reference J45 

Select a reference  

(material in the proposed 

list) for each layer of 

interest 

R3T5 [13] 

Incorporation of the series 

perforated protections (0/1) 
J57 

For NO press 0, for YES 

press 1 
1 [13] 

Thickness J58 
Input a real positive 

number 
0.0007 [12bis] 

Reference W18 

Select a material (in the 

proposed list) for each 

layer of interest 

DIS [12] 

Incorporation of the series 

cloths (0/1) 
W23 

For NO input 0, for YES 

input 1 
1 [10] 

Thickness W24 
Input a real positive 

number 
0.00005 [11] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

R62 
For NO input 0, for YES 

input 1 
1 [20] 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [20] 

 

Worksheet [in COSIL-1A] for example 1A.4.1 only 
 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input See placemark 

Limit set index ilim D14 
Input an integer from 1 to 

imax 
1 [7] 

Mass flow rate D33 Input a real 32.645 [14] 

Width B (m) 

 
AA40 Input a positive real 1.2 [1] 

Height H (m) 

 
AA41 Input a positive real 1.2 [2] 

Length L (m) AA42 Input a positive real 1.0 [3] 

Model of reflection loss G53 
Select a model (in the 

proposed list) 
ZER [18] 

Model of by-pass 

correction for L>1m 

E57 to 

G57 

Select a model (in the 

proposed list) 
ZER [17] 

Aerodynamics upstream D60 
Select a model (in the 

proposed list) 
R [4] 

Aerodynamics downstream D61 
Select a model (in the 

proposed list) 
R [4] 

Model of total pressure loss 2081C 
Select a model (in the 

proposed list) 
FRO [22] 

Model for the flow acoustic 

power 
2081B 

Select a model (in the 

proposed list) 
2081B [21] 
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Worksheet [in-out CODIS1-1A] for example 1A.4.1 only 
 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input See placemark 

Condition of propagation W182 
Select a model (in the 

proposed list) 
σx1/σy1=var  [8] 

 

Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in COALA-1A] for example 1A.4.1  
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Screenshot of worksheet [in COSIL-1A] for example 1A.4.1  

 

 
 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        127/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Screenshot of worksheet [in-out CODIS-R-1A] for example 1A.4.1 some  

 

    Dc (dB) 

    Dc (dB) 

Dc (dB) Dc (dB) 
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Appendix to Section 1A: list of symbols  

 
General 
 

f: frequency (Hz) 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) 

t: time (s) 

 

Set of materials 
 

ilim: limit set index 

imax: maximum set index 

ξ : total number  of cloths and perforated protections accounted as porous media i.e. not accounted as series cloth (resp. series 

perforated protections) using electro acoustic analogie 

 

Dry air 

 

a: diffusivity (m2/s) 

c: (adiabatic) velocity of sound (ms-1) 

cp : specific heat (capacity) (at constant pressure) (J/kg/K) 

Cs: adiabatic compressibility (Pa-1) 

CT: isothermal compressibility (Pa-1) 

k: wave number (rad/m) 

Ks: adiabatic bulk modulus (Pa) 

KT: isothermal bulk modulus (Pa) 

t: temperature (°C) 

P: static/atmospheric pressure (Pa) 

Pr: Prandtl number   

R: gas constant (J/kg/K) 

V: volume (m3) 

Z: characteristic impedance (Nsm-3) 

 

β: coefficient of thermal expansion 

Γ: propagation constant (rad. m-1) 

η : dynamical viscosity (Nsm-2) 

λ: thermal conductivity (W/m/K) 

λ: wavelength (m) 

ν : kinematic viscosity (m2/s)  

ρ: density (kg/m3) 

 

subscript / superscript subscript superscript 

for normal conditions 0 N 

for test (room) conditions 0 * 

for service conditions 
front atmosphere 0  

rear atmosphere 0 ** 

 

Porous media 

 

a’, a’’: coefficients for the expression of Γan 
b’, b’’: coefficients for the expression of Zan 

c1, c2, c3, c4, c5, c6, c7, c8 : coefficients for the expression of Γan and Zan 
Cseff: adiabatic compressibility (Pa-1) 

E: non-dimensional parameter related to frequency, flow resistivity and density of dry air 

Kseff: adiabatic bulk modulus (Pa) 

RG: (bulk) density (kg/m3) 

Za: characteristic impedance (Nsm-3) 

Zan: normalized characteristic impedance 

 
α’, α’’: exponents for the expression of Γan 
β’, β’’: exponents for the expression of Zan 
α∞: (high frequency limit of the) tortuosity 

Γa: propagation constant (rad.m-1) 

Γan: normalized propagation constant 

Γax: propagation constant in the x-direction (rad.m-1) 

Γay: propagation constant in the y-direction (rad.m-1) 

Λ’: thermal characteristic length (m) 

Λ : viscous characteristic length (m) 

ρeff: effective density (kg/m3) 
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ø : (open) porosity 

σ: (static) air flow resistivity (=specific flow resistance) (Nsm-4) 

σ1x: (static) air flow resistivity in the x-direction for porous medium of set 1(Nsm-4) 

σ1y: (static) air flow resistivity in the y-direction for porous medium of set 1(Nsm-4) 

Note: subscript i for set i except for σ1x and σ1y 

 

Cloths 

 

d’: thickness (m) 

M’: surface density (kg/m2) 

R’: superficial flow resistance (Nsm-3) 

Rp’: parallel resistance (losses due to mounting) (Nsm-3) 

Note: subscript i for set i 

 

Perforated protections 
 

a: diameter of holes / width of slit (m) 

d’’: thickness (m) 

M’’: surface density (kg/m2) 

R’’: series flow resistance (Nsm-3) 

Rp’’: parallel resistance (losses due to mounting) (Nsm-3) 

ε: open area ratio 

Note: subscript i for set i 

 
Silencer 

 
abulk: cf. step [F-1A] (m) 

alocal: cf. step [F-1A] (m) 

A : area of the duct above and below the silencer (m2) 

Af: area of the overall section of the silencer (m2) 

Ap : free area of the silencer (passage area of the airways) (m2) 

B: width for mounting RD (m) 

d: overall thickness of the acoustic structure (m) 

da: thickness of peripheric lining porous media (m) 

2d: for dissipative silencers, thickness of central splitters (for mounting RDdbulk: cf. step [F-1A] (m) 

dlocal: cf. step [F] (m) 

Da: propagation loss (dB/m) 

Da.L:longitudinal attenuation (dB) 

Di: insertion loss with flow and self noise (dB) 

Di’: insertion loss with flow without self noise (dB) (Di’=Da*L+Dk+Dr) 

Dc: correction for limitation of the propagation loss (dB) 

Dr: reflection loss (dB) 

fco: cut-off frequency of the duct (Hz) 

h=2h/2: for dissipative silencers, width of extreme air way (for mounting RD only) (m) 

2h: for dissipative silencers, width of central airways (for mounting RD only)  

hbulkl: cf. step [F-1A] (m) 

hlocal: cf. step [F-1A] (m) 

H: height for mounting RD(m) 

L: length without aerodynamic extremities (m) 

M: Mach number 

Nd: for a dissipative silencer only number of central splitters (for mounting RD only) 
Qm: mass flow rate (kg/s) 

Qv: volume flow rate (m3/s or m3/h or Nm3/h) 

Vf: speed of airflow in the area Af (m/s) 

Vf*: speed of airflow in the area Af* (m/s) 

Vp: speed of airflow in the area Ap (m/s) 

Λ=d/h  

ζf: total pressure loss coefficient in relation with airflow speed Vf 

ζf*: total pressure loss coefficient in relation with airflow speed Vf* 

ζp: total pressure loss coefficient in relation with airflow speed Vp 

 

 
Miscellaneous 

 

See also corresponding § in General considerations  
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Section 1B: computation of reactive silencers 
(MODULE 1B of the software) 

 

1B.1: Introduction 

 
Terms and definitions 
 
For the needs of the present user’s manual, the following terms and definitions apply (see NF EN ISO 14163 Acoustics - Guidelines 

for noise control by silencers, 1999): 

 

Silencer: device reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the carriage of the fluid  

 

Reactive silencer: silencer for which the major part of the attenuation involves no acoustic energy dissipation 

 

Mountings and geometry 

 
Silencers having circular cross sections are frequently used for industrial applications. 

 

For reactive silencers, mountings for which predictions can be done with the software SILDIS are combinations of elements of  

which various envisaged groups are hown in fig.1B1 

 

 
Uniform Tube(s) group (UT) 

 

 
Extended Tube(s) group (ET) 
 

 
 
Side Tube(s) group (ST) 

 

Fig. 1B1 
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Transverse Tube(s) group (TT) 

 

 
 

Variable Tube(s) group (VT) 

 

 
 
Dissipative Section (DS) as computed with Module 1 of software SILDIS 

 

 
 
Helmoltz Resonator(s) group (HR) 
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1B.2: Scientific and technical background 

 

The prediction of acoustic and aerodynamic performances of reactive silencers with SILDIS is founded on a scientific and technical 

background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

For a rectangular silencer, the obtained results are comparable with the standardized measurement with the plane wave excited alone 

as much as possible: see NF EN ISO 7235 Acoustics - Laboratory measurement procedures for ducted silencers and air terminal 

units - Insertion loss, flow noise and total pressure loss (2004). 

 
1B.2.1 Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a-1B] 

 
All computations have been gathered in this single step for the sake of simplicity. 

 
o Bibliography (references) : 

 

[a1-1B]  

[a2-1B]  

[a3-1B]  

[a4-1B] 

- 

 

[a5-1B]  
 

o Comments in relation with partial derivatives: 

 

Partial derivatives (and related quantities), which are usually employed to measure the equation of state of the fluid near 

the equilibrium state (with various notations according bibliographic sources) are written for the purpose of the present 

user’s manual with the following notations:  

 

 the isothermal compressibility of dry air is referred to as CT  

 

       CT =                          = 

 

 

 the isothermal bulk modulus of dry air is referred to as KT with KT=1/CT 

 

 the adiabatic compressibility of dry air is referred to as Cs 

 

       Cs =                          =                                because Cs = CT/κ 

 

 the adiabatic bulk modulus of dry air is referred to as Ks with Ks=1/Cs 

 the coefficient of thermal expansion of dry air is referred to as β   
 

       β  =                          = 

 

o Other comments: 

 

 when used the density of dry air ρ is computed according various models as shown in the table below: 

 

model MAR MEC 

source 

[a1-1A] 

using ideal 

gas law 

(derived 

from 

MARiottes’s 

law) (*) 

[a1-1A] 

using a 

regression 

 

* the gas constant of dry air R (J/kg/K) is set to 287 or 287.053 or 287.10 depending on the eponym selected 

model  

T T 

∂ρ 

∂P 
1 

V 
∂V 

∂P 
1 

ρ 
- 

T T 

∂ρ 

∂P 
1 

κV 
∂V 

∂P 
1 

κρ 
- 

P P 

∂ρ 

∂T 
1 

V 
∂V 

∂T 
1 

ρ 
- 
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 when used the dynamical viscosity of dry air η is computed according various models as shown in the table below: 

 

model SUT VER MEC IDE 

source 

[a2-1A] 

using 

SUTherlan

d’s law) 

[a4-1A]  

[a1-1A] 

using a 

regression 

[a2-1A] 

using a 

regression 

limiting 

temperature 

-20 to 800 

°C 
? 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

 

Conversion 

factors 

micropoise centipoise poise 

= g/cm/s 

kg/m/s  

= Nsm-2 

micropoise 1 10-4 10-6 10-7 

centipoise 104 1 10-2 10-3 

poise 

= g/cm/s 
106 102 1 10-1 

kg/m/s 

= Nsm-2 
107 103 10 1 

 

 when used the kinematic viscosity of dry air ν is computed from [a1-1A] 
 

Note : ν = η/ρ 

 

Conversion 

factors 

centistokes 

= mm2/s 

stokes = 

cm2/s 

m2/s 

centistokes 

= mm2/s 
1 10-2 10-6 

stokes = 

cm2/s 
102 1 10-4 

m2/s 106 104 1 
 

 when used the adiabatic exponent of dry air κ is computed according various models as shown in the table below: 

 

model INV MEC MEC2 

source (*) 

[a1-1A] 

using a 

regression 

[a1-1A] 

using a 

regression 

limiting 

temperature 
- 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 
 

*κ is set to 1.399 or 1.400 or 1.401 or 1.402 depending on the eponym selected model  

 when used the specific heat (capacity) (at constant pressure) of dry air cp is computed according various models as 

shown in the table below: 

 

model MEC MEC2 KRA 

source 

[a1-1A] 

using a 

regression 

for a (the 

regression 

for  cp being 

in error) 

[a1-1A] 

using a 

regression 

for Pr (the 

regression 

for  cp 

being in 

error) 

[a3-1A] 

using a 

regression 

limiting 

temperature 

-73.15 to 

926.85 °C 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 

 

 the following relation applies:         κ - 1 =                           

 
 

  β2.T  

CS.cp.ρ 
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 when used the thermal conductivity of dry air λ is computed according various models as shown in the table below: 

 

model MEC KRA 

source 

[a1-1A] 

using a 

regression 

[a3-1A] 

using a 

regression 

limiting 

temperature 

-173.15 to 

926.85 °C 

-20 to 800 

°C 
 

Conversion 

factors 

 

J 

 

cal 

J 1 0.2388 

cal 4.1868 1 
 

 when used the diffusivity of dry air a is computed from [a1] 

 

Note : a = λ/ρ/cp 

 

 when used the Prandtl number of dry air Pr is computed from [a5-1A] 

 

Note : Pr = ν/a = η/ρ/a = η.cp/λ 

 
 when used the (adiabatic) sound velocity in dry air c is computed from [a5-1A] 

 

Note : c = (Ks/ρ)0.5 

 

 when used the characteristic impedance of dry air Z is computed from [a1-1A] 

 

Note : Z = ρc 

1B.2.2 Acoustics:  
 

• Bloc diagram for reactive silencers: the computation scheme for rectangular dissipative silencers is as shown on fig 

1B.2 below  

 

 
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-002x] pages 6 to 7, report 

[PhRxx-006x] pages 2 to 3, report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to as [BAQ] to [BAS] have been taken into account 

for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has 

been omitted for the sake of simplicity; the calculation is carried out with the hypothesis of plane waves, typically regarded as the 

least attenuated mode (only for step [BAQ] are other modal contributions taken into account in some cases)  

 

Note 3:  analytical calculations are involved in steps [BAQ] and [BAR] to [BAS]; no empirical methods are involved in steps [BAQ] 

to [BAS] 

 

• Steps of the computation 

 

Step [BAS] 
 

This step aims at calculating the sound transmission loss with flow of the silencer. The transmission loss TL in dB is 

basically computed at frequency steps of 1/21 octave. 

 

 

 

 

fig.1B.2           
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o Bibliography (references) : 

 

[BAS1]  

[BAS2] 

- 

 

[BAS3]  

[BAS4]  

[BAS5] 

- 

 

[BAS6] 

- 

 

[BAS7] 

- 

 

[BAS8] 

- 

- 

 

[BAS9] 

- 

 

[BAS10]  

[BAS11]  

[BAS12] 

- 

 

[BAS13] 

- 

 

[BAS14]  

[BAS15] 

- 

 

[BAS16] 

- 

 

[BAS17] 

- 

 

[BAS18] 

- 

 

[BAS19] 

- 

 

[BAS20] 

- 

 

[BAS21] 

- 

 

[BAS22] 

- 

 

[BAS23] 

- 

 

[BAS24]  

[BAS25]  

[BAS26] 

- 

 

[BAS27] 

- 

 

[BAS28] 

- 

- 

- 

 

 

o Comments for Uniform Tube(s) group:  
 

 the determination of the relation between acoustic pressure & particle velocity is done according to various 

models as shown in the tables below: 

 

model NVIS VIS 

source 
[BAS1] 

[BAS3] 

[BAS1] 

[BAS3] 

comments 
Not VIScous 

fluid 

VIScous 

fluid 
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o Comments for Extended Tube(s) group:  

 

 the determination of the relation between acoustic pressure & particle velocity is done according to various 

models as shown in the tables below: 

 

model NEXA EXA 

source 
[BAS1] 

[BAS3] 

[BAS1] 

[BAS3] 

comments Not EXAct EXAct 

 
o Comments for Uniform Tube(s) group & for Extended Tube(s) group & for Transverse Tube(s) group:  

 

 the determination of the end correction for a Termination being Open & Unflanged is done 

according to various models as shown in the tables below: 

 

model TOU1 TOU2 TOU3 

source 

[BAS1] 

[BAS3] 

[BAS6] 

[BAS7] 

[BAS14] 

[BAS8] 
[BAS9] 

 

parameters 

(for 

dimensionles

s end 

correction) 

Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

comments 

understood 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 2 

understood 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 6 

understood 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 2 

end 

correction 

frequency 

dependence 

yes yes yes 

 

 the determination of the end correction for a Termination being Open & Flanged is done according to various 

models as shown in the tables below: 

 

model TOF1 TOF2 TOF3 TOF4 TOF5 

source 
[BAS10] 

[BAS11] 
   [BAS12]  

[BAS8] 
[BAS9] [BAS9] 

parameters 

(for 

dimensionles

s end 

correction) 

Helmoltz 

number 

Helmoltz 

number ; 

hole radius 

 

Helmoltz 

number 
Helmoltz 

number 

Helmoltz 

number 

miscellaneou

s 
 

coefficients 

to be filled 

in worksheet 

database-1B 

   

comments 

Based on a 

seire 

expansion 

dedicated to 

a limited 

number of 

hole radius 

values: 

0.0125 m; 

0.0175 m; 

0.0243 m; 

0.0325 m 

announced 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 6 

understood 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 3 

understood 

as being 

based on 

[BAS5], 

involving 

powers of 

Helmoltz 

number up 

to 3 

end 

correction 

frequency 

dependence 

yes yes 

 

yes 

 

yes 

 

yes 
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 the determination of the end correction for a Termination being Connected & Coaxial is done according to various 

models as shown in the tables below: 

 

model TCC1 TCC2 TCC3 TCC4 TCC5 

source [BAS14] [BAS1] [BAS15] [BAS15] [BAS7] 

parameters 

for 

dimensionles

s end 

correction 

ratio of tubes 

radii 

ratio of tubes 

radii 

Helmoltz 

number; 

ratio of tubes 

radii 

Helmoltz 

number; 

ratio of tubes 

radii 

 

ratio of tubes 

radii 

miscellaneou

s 
 

coefficients 

to be filled 

in worksheet 

database-1B 

 

  

comments 

understood 

as being 

based on 

[BAS13], 

involving 

powers of  

ratio of tubes 

radii up to 2 

for 

discontinuity 

inductance 

correction 

factor 

understood 

as being 

based on 

[BAS13], 

involving 

powers of  

ratio of tubes 

radii up to 1 

for 

discontinuity 

inductance 

correction 

factor 

understood 

as being 

based on 

[BAS13], 

involving 

powers of  

ratio of tubes 

radii up to 1 

for 

discontinuity 

inductance 

correction 

factor; for 

ratio of tubes 

radii 

between 0.2 

& 0.7; for 

Helmoltz 

number 

between 0.3 

& 0.6 

understood 

as being 

based on 

[BAS13], 

involving 

powers of  

ratio of tubes 

radii up to 2 

for 

discontinuity 

inductance 

correction 

factor; for 

ratio of tubes 

radii 

between 0.2 

& 0.7; for 

Helmoltz 

number 

between 0.3 

& 0.6 

involving   

aexpotential 

function of 

tubes radii; 

bibliographi

c source 

understood 

as being in 

error: not 

corrected = 

from what 

one should 

run away 

end 

correction 

frequency 

dependence 

no no yes 

 

 

yes 

 

 

no 

warning originally developed for un-extended tubes 

model TCC7 TCC8 TCC9 TCC10 TCC11 

source [BAS18] [BAS19] [BAS20] [BAS3] 
[BAS3][BA

S4][BAS21] 

parameters 

for 

dimensionles

s end 

correction 

ratio of tubes 

radii 

ratio of tubes 

radii; ratio of 

extension 

length to 

extended 

tube radius 

ratio of tubes 

radii 

ratio of tubes 

radii 

 

 

ratio of tubes 

radii; tube 

thickness 

miscellaneou

s 
  

 Originally 

considered 

for mounting 

EC1R1 

 

comments 

involving   

aexpotential 

function of 

tubes radii 

involving   

aexpotential 

function of 

tubes radii 

involving   

aexpotential 

function of 

tubes radii 

involving 

powers of  

ratio of tubes 

radii up to 1 

involving 

powers of  

ratio of tubes 

radii up to 2 

end 

correction 

frequency 

dependence 

no no no 

 

no 

 

 

no 

warning originally developed for extended tubes 

originally 

developed 

for un-

extended 
tubes 

originally 

developed 

for 

extended 
tubes 

 
 the determination of the end correction for a Termination being Connected & Staggered is done according to 

various models as shown in the tables below: 
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model TCS1 

source [BAS14] 

parameters 

for 

dimensionles

s end 

correction 

ratio of tubes 

radii; offset  

miscellaneou

s 

bibliographi

c source 

understood 

as being in 

error: not 

corrected = 

from what 

one should 

run away 

comments  

end 

correction 

frequency 

dependence 

no 

warning 

originally 

developed 

for un-
extended 

tubes 

 
 the determination of the end correction for a Termination being for a Connected Branch is done according to 

various models as shown in the tables below: 

 

model TCB1 TCB2 TCB3 TCB4 TCB5 

source [BAS22] [BAS23] [BAS24] [BAS1] [BAS3] 

parameters 

for 

dimensionles

s end 

correction 

ratio of radii: 

neck & 

cavity 

ratio of radii: 

neck & duct 

ratio of radii: 

neck & duct 

ratio of radii: 

neck & duct 
neck radius 

miscellaneou

s 
     

comments      

end 

correction 

frequency 

dependence 

no no no no no 

warning 

originally 

developed 

for interface 

between 

neck & 

cavity  

originally developed for 

interface between neck & 

duct 
? 

Twice in bibliographic 

source ; valid for both 

interfaces (between neck & 

cavity + between neck & 

duct) 

 
model TCB6 TCB7 TCB8 TCB9  

source [BAS25] [BAS25] [BAS26] [BAS26]  

parameters 

for 

dimensionles

s end 

correction 

ratio of radii: 

neck & 

cavity 

ratio of radii: 

neck & duct 

ratio of radii: 

neck & duct 

ratio of radii: 

neck & duct 
 

miscellaneou

s 
     

comments 0.85 used 0.82 used For slit 

For slit, 

approximati

on 

 

end 

correction 

frequency 

dependence 

no no no no  

warning originally developed for interface between neck & duct  
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 in case of flow the end correction is accounted according to various models as shown in the tables below: 

 
model L M H 

source [BAS7] [BAS7] [BAS7] 

comments 

Low 

influence of 

flow 

Medium 

influence of 

flow 

High 

influence of 

flow 

 
 in case of grazing flow an additional series impedance is accounted according to various models as shown in the 

tables below: 

 
model L M 

source [BAS27] [BAS28] 

comments - - 

 

Step [BAT] 
 

This step aims at calculating the sound insertion loss with flow of the silencer. The transmission loss TL in dB is basically 

computed at frequency steps of 1/21 octave. 

 
 the determination of the source impedance is done according various models as shown in the tables below: 

 

model C&P H&M ANE INF INF+ INF- ZER 

source 
[BAS3][BA

S4] 

[BAS3][BA

S4] 

[BAS3][BA

S4] 
 

   

comments   
ANEchoic 

termination 

Re( Zs) = 

1E50 

Im(Zs) = 0 

Re( Zs) = 

1E50 

Im(Zs) = 

1E50 

Re( Zs) = 

1E50 

Im(Zs) = -

1E50 

Re( Zs) = 0 

Im(Zs) = 0 

miscellaneou

s 
   

Constant velocity source ?  

warning 

originally 

developed 

for exhaust 

originally 

developed 

for intake 

 

    

 when used, the determination of the reflection coefficient module for zero flow is done according various models 

as shown in the tables below: 

 

model DAV MUN KER KERF L&S N&S N&SF 

source 

[BAS1][ 

BAS3][BAS

6][BAS7] 

[BAS14] 

[BAS1][ 

BAS3][BAS

6][BAS7] 

[BAS14] 

[BAS8] [BAS8] 

 

[BAS5] 

 

[BAS9] 

 

[BAS9] 

parameters  
Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

Helmoltz 

number 

comments 

involving 

powers of 

Helmoltz 

number up 

to 2; 1 

among the 

bibliographi

c sources 

understood 

as being in 

error: most 

probably 

[BAS7] 

nevertheless 

not 100% 

clarified = 

from what 

one should 

run away 

involving 

powers of 

Helmoltz 

number up 

to 2; 1 

among the 

bibliographi

c sources 

understood 

as being in 

error: most 

probably 

[BAS7] 

nevertheless 

not 100% 

clarified = 

from what 

one should 

run away 

involving 

powers of 

Helmoltz 

number up 

to 6 

involving 

powers of 

Helmoltz 

number up 

to 6 

 

 

 

 

 

 

 

involving 

powers of 

Helmoltz 

number up 

to 4 

 

 

 

 

 

 

 

involving 

powers of 

Helmoltz 

number up 

to 2 

 

 

 

 

 

 

 

involving 

powers of 

Helmoltz 

number up 

to 2 

warning    

originally 

developed 

for flanged 

pipes: from 

what one 

should run 

  originally 

developed 

for flanged 

pipes: from 

what one 

should run 
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away 

(implemente

d on ly for 

the sake of 

validation of 

formulas) 

away 

(implemente

d on ly for 

the sake of 

validation of 

formulas) 

 
 the determination of the radiation impedance without flow is done according various models as shown in the tables 

below: 

 

model MUN KER+ KER- KER* 

source 
[BAS1][BA

S3] 

[BAS3][BA

S4] 

[BAS3][BA

S4] 

[BAS3][BA

S4] 

parameters 

for 

dimensionles

s impedance  

Helmoltz 

number 

end correction ; reflection coefficient module 

for zero flow 

comments  

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

 
model DAV+ DAV- MEC ANE 

source 

[BAS1][BA

S3] 

[BAS6][BA

S7] 

[BAS1][BA

S3] 

[BAS6][BA

S7] 

[BAS1][BA

S3] 

[BAS6][BA

S7] 

[BAS3][BA

S4] 

parameters 

for 

dimensionles

s impedance  

reflection coefficient (not as a module but as 

complex number) 

ANEchoic 

termination 

comments 

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

with a sign + 

somewhere 

in one of the 

doubtful 

formulas: 

unclarified = 

from what 

one should 

run away 

 

 
 the determination of the radiation impedance with flow is done according various models as shown in the tables 

below: 

 

model MEC I&S P&M STA ZER 

source [BAS3] [BAS3] [BAS3]   

parameters 

for 

dimensionles

s impedance  

radiation impedance without flow; Mach 

number 

radiation 

impedance 

without flow 

Re(Zrad)=0 

Im(Zrad)=0 

comments    

STAtic 

(radiation 

impedance 

with flow = 

radiation 

impedance 

without 

flow) 

 

 
 the determination of the insertion loss with substitution duct (ILsd) is done by accounting: 

 

o the relation between acoustic pressure & particle velocity (transfer matrix coefficients) 

o source impedance 

o radiation impedance 
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o the relation between acoustic pressure & particle velocity for a substitution duct with a length equal to 

silencer length or with a length equal to zero 

 

Step [BAU] 
 

This step aims at calculating the noise reduction with flow of the silencer. The noise reduction (NR) in dB is basically 

computed at frequency steps of 1/21 octave. 

 the determination of the noise reduction (NR) is done by accounting: 

 

o the relation between acoustic pressure & particle velocity (transfer matrix coefficients) 

o source impedance 

o radiation impedance 

o the relation between acoustic pressure & particle velocity for a duct installed downstream with a certain 

length  

 

• Mountings 
 

The mountings that SILDIS’s user can freely envisage / build (i.e. the so-called BYO mountings) for which performance acoustic & 

aerodynamic simulation is possible are as follows: any combination of up to 39 matrix references (to be selected between MAT2 & 

MAT 40) 

 

 the preconfigurated mouuntings (involving long chambers) for which performance acoustic & aerodynamic simulation is 

possible are as follows: 

 

 in-line chambers 
 

EC1 = 1 expansion chamber 

 
 

 
 

EC2 = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes) 

 
                              
EC3 = 3 expansion chambers, with 1 or several connecting tubes, without connecting tubes overlapping 

                         

 chambers with side inlet 

 

EC1SI = 1 expansion chamber, with side inlet 

 

                 

EC2SI = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side inlet 

 

              

EC3SI = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side inlet 
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 chambers with side outlet 

 

EC1SO = 1 expansion chamber, with side outlet 

 

EC2SO = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side outlet 

 

EC3SO = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side outlet 

 
 

 chambers with side inlet & with side outlet 

 

EC1SISO = 1 expansion chamber, with side inlet, with side outlet 

 

EC2SISO = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side inlet, 

with side outlet 

 
EC3SISO = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes), with side inlet, 

with side outlet 
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 chambers with overlapping tubes 

 

EC1R1 = 1 expansion chamber, with overlapping tubes 

 

EC1R2 = 1 expansion chamber, with 2 overlapping tubes in expansion chamber 1 

         

EC2R22 = 2 expansion chambers, with 2 overlapping tubes in expansion chamber 1, with 2 overlapping tubes in expansion chamber2 

 

 

 the preconfigurated mouuntings (involving short chambers) for which performance acoustic & aerodynamic simulation 

is possible are as follows: 

 

 

 

 

 

EC1R1* = 1 expansion chamber, with 1 flow reversal 

 

 

 

 the preconfigurated mouuntings (involving dissipative sections) for which performance acoustic & aerodynamic 

simulation is possible are as follows: 

 

CDE = splitter section as calculated with module  of software SILDIS 

 

 

 

 the preconfigurated mouuntings (involving Helmoltz Resonators) for which performance acoustic & aerodynamic 

simulation is possible are as follows: 

 

HR1SN = single Helmholtz Resonator Short Neck & HR1LN = single Helmholtz Resonator Long Neck 

 

Side branch 
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Concentric 

 
ECHRLNEC = Expansion Chamber + Helmholtz Resonator Long Neck + Expansion Chamber 

 
HR2SN = double Helmholtz Resonator Short Neck & HR1LN = double Helmholtz Resonator Long Neck 

 

Side branch 

 

 
Concentric 

 

 
 

1B.2.3 Aerodynamics:  
 

• Steps of the computation 

 
Step [α] 

 
All computations have been gathered in this single step for the sake of simplicity (this step aims at computing the total 

pressure loss due to the silencer).  
 

o Bibliography (references) : 

 

[α1]  

[α2] 

- 

 

 

o Comments : 

 

The total pressure loss due to the silencer is computed with the hypothesis of a uniform air flow (supposed to not be rotational) 

 

1B. 3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 
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Worksheet Cells 

To be precised To be precised 

To be precised To be precised 

 

Worksheets 

 

Regarding the COmputation of REssipative Silencers, the software SILDIS is configurated in order to allow the user to access to 3 

worksheets being  linked as shown in fig.1B.4 (the overview of the worksheets being shown in table below). 

 
 

In addition, worksheets are displaying a drawing illustrating the simulated mounting for preconfigurated mouuntings involving 

long chambers, short chambers, dissipative sections, Helmholtz Resonators. 

 

o Long chambers 

 

Worksheet name Mounting Comment 

out EC1 1 expansion chamber(s) - 

out EC2 2 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes) 

- 

out EC3 3 expansion chamber(s), with 1 or several connecting tubes, without 

connecting tubes overlapping 

- 

out EC1SI 1 expansion chamber(s), with side inlet - 

out EC2SI 2 expansion chambers(s) with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side inlet 

- 

out EC3SI 3 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side inlet 

- 

out EC1SO 1 expansion chamber(s), with side outlet - 

out EC2SO 2 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side outlet 

- 

out EC3SO 3 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side outlet 

- 

out EC1SISO 1 expansion chamber(s), with side inlet, with side outlet - 

out EC2SISO 2 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side inlet, with side outlet 

- 

out EC3SISO 3 expansion chamber(s), with 1 or several connecting tubes (without 

overlapping between connecting tubes), with side inlet, with side outlet 

- 

out EC1R1 1 expansion chamber(s), with 1 flow reversal - 

out EC1R2 1 expansion chamber(s), with overlapping tubes - 

out EC2R22 2 expansion chamber(s), with overlapping tubes in expansion chamber 1, 

with overlapping tubes in expansion chamber 2 

- 

 

o Short chambers 

 

Worksheet name Mounting Comment 

 

out EC1R1*B 

 

 

 

 

 

1 expansion chamber, with 1 flow reversal 

Both divergent & convergent 

transverse cross sections: inlet 

& outlet located in opposite 

cross section halves 

 

out EC1R1*C 

Convergent transverse cross 

sections: inlet & outlet located 

in the same cross section half 

 

out EC1R1*D 

Divergent transverse cross 

sections: inlet & outlet located 

in the same cross section half 

o Disspative (lined) stages 

 

Worksheet name Mounting Comment 

out CDE 1 set “Contaction + Dissipative + Expansion” - 

 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

 

Fig. 1B.4 

something like that *  
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o Helmholtz resonators  

 

Worksheet name Mounting Comment 

out HR1SN-tt & 

HR1LN-tt 

1 set ‘neck + cavity” transverse tube  

 

 

 

 

with Short Neck or with long 

Neck 

out HR1SN-cc & 

HR1LN-cc 

1 set ‘neck + cavity” concentric cylinder 

out HR1SN-gv & 

HR1LN-gv 

1 set ‘neck + cavity” general volume 

out HR2SN-tt & 

HR2LN-tt 

2 sets ‘neck + cavity” transverse tube 

out HR2SN-cc & 

HR2LN-cc 

2 sets ‘neck + cavity” concentric cylinder 

out HR2SN-gv & 

HR2LN-gv 

2 sets ‘neck + cavity” general volume 

Out ECHRLNEC 1 set Expansion Chamber + ‘neck + cavity” transverse tube + 1 set Expansion 

Chamber 

 

 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations. As far as Uniform Tubes (UT), Extended Tubes (ET), Side Tubes 

(ST), Helmholtz Resonators (HR), Transverse Tubes (TT), Variable Tubes (VT) are concerned, several (such) components (each 

with a dedicated transfer matrix) can be combined to make a moutning (set) for wich performance simulation is desired (transfer 

matrices being then multiplied);; “montage” is the worksheet” in which matrcices are defined by the user to relect a given mounting 

set (MAT1 refers to “unity matrix”) 
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Group Group: number 

of matrices 

Sub-group Sub-group: number of 

matrices 

Comment 

Uniform 

Tubes (UT) 

7 (MAT2 to 

MAT8) 

- - 1 dedicated 

matrix(ces) 

Dissipative 

Tube (DT) 

MAT9 - - 1 dedicated 

matrix(ces) 

 

Extended 

Tubes (ET) 

 

12 (MAT10 to 

MAT21) 

Extended Inlet (EI)  3 (e.g MAT10, MAT12, 

MAT14) 

 

1 polyvalent 

matrix(ces) 

 

 

Extended Outlet (EO) 3 (e.g. MAT11, MAT13, 

MAT15) 

Reversal Expansion (RE) 3 (e.g MAT16, MAT18, 

MAT20) 

Reversal Contaction (RC) 3 (e.g MAT17, MAT19, 

MAT21) 

 MAT22   empty 

Side Tubes 

(ST) 

2 (MAT23 to 

MAT24) 

Side Inlet (SI) 1 (MAT23) 1 polyvalent 

matrix(ces) Side Outlet (SO) 1 (MAT24) 

Helmoltz 

Resonator 

(HR) 

MAT25 & MAT 

27 

Helmoltz Resonator Short Neck 

(HR-SN) 

2 (MAT25 & MAT 27) 2 dedicated 

matrix(ces) 

MAT26 & MAT 

28 

Helmoltz Resonator Large Neck 

(HR-LN) 

2 (MAT26 & MAT 28) 1 dedicated 

matrix(ces) 

 MAT29   empty 

 

Transverse 

Tubes (TT) 

2 (MAT30 & 

MAT31)  

Transverse Inlet (TI) 1 (MAT30)  1 dedicated 

matrix(ces) 

Transverse Outlet (TO) 1 (MAT31) 1 dedicated 

matrix(ces) 

 MAT32 to 

MAT36 

  empty 

 

 

 

 

Variable 

Tubes (VT) 

 

 

 

 

3 (MAT37, 

MAT38, 

MAT40)  

VB (Both divergent & 

convergent transverse cross 

sections: inlet & outlet located 

in opposite cross section halves) 

 

 

0 (could be in the future) 

 

 

 

 

 

 

1 polyvalent 

matrix(ces) 

VC (Convergent transverse 

cross sections: inlet & outlet 

located in the same cross 

section half) 

 

0 (could be in the future) 

 

VD (Divergent transverse cross 

sections: inlet & outlet located 

in the same cross section half) 

 

3 (MAT37, MAT38, MAT40)  

 MAT39   empty 

 

The elements involved for preconfigurated mountings involving long chambers, short chambers, dissipative sections, Helmholtz 

Resonators are as follows. 

 

 
 

The transfer martices involved for preconfigurated mountings involving long chambers, short chambers, dissipative sections, 

Helmholtz Resonators are as follows. 
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The transfer martices involved for preconfigurated mountings involving long chambers, short chambers, dissipative sections, 

Helmholtz Resonators are as follows. 
 

Matrix EC1 EC2 EC3 EC1R1 EC1R2 EC2R22 EC1SI EC2SI EC3SI EC1SO EC2SO EC3SO EC1SISO EC2SISO EC3SISO EC1R1* CDE 

MAT1 (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x) (x)  

MAT2   x      x   x   x   

MAT3   x      x   x   x   

MAT4  x x   x  x x  x x  x x   

MAT5  x x   x  x x  x x  x x   

MAT6 x x x x x x x x x x x x x x x  x 

MAT7 x x x x x x x x x x x x x x x x  

MAT8 x x x x x x x x x x x x x x x x x 

MAT9                 x 

MAT10   x         x      

MAT11   x      x   x   x   

MAT12  x x      x  x x   x   

MAT13  x x     x x  x x  x x   

MAT14 x x x     x x x x x  x x   

MAT15 x x x x   x x x         

MAT16                  

MAT17                  

MAT18      x            

MAT19      x            

MAT20    x x x            

MAT21     x x            

MAT22                  

MAT23       x x x    x x x   

MAT24          x x x x x x   

MAT25                  

MAT26                  

MAT27                  

MAT28                  

MAT29                  

MAT 30                x  

MAT31                x  

MAT32                  

MAT33                  

MAT34                  

MAT35                  

MAT36                  

MAT37                x  

MAT38                  

MAT39                  

MAT40                  

 

 

 
Matrix HRSN1 HR2LN1 ECHRLNEC HRSN2 HRLN2             

MAT1                  

MAT2   x               

MAT3   x               

MAT4   x x x             

MAT5                  

MAT6 x x x x x             

MAT7   x               

MAT8 x x x x x             

MAT9                  

MAT10   x               

MAT11   x               

MAT12                  

MAT13                  

MAT14   x               

MAT15   x               

MAT16                  

MAT17                  

MAT18                  

MAT19                  

MAT20                  

MAT21                  

MAT22                  

MAT23                  

MAT24                  

MAT25 x   x              

MAT26  x x  x             

MAT27    x              

MAT28     x             

MAT29                  

MAT 30                  

MAT31                  

MAT32                  

MAT33                  

MAT34                  

MAT35                  

MAT36                  

MAT37                  

MAT38                  

MAT39                  

MAT40                  
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When this document was updated, several matrices worksheets were not used for preconfigurated-mountings:  

MAT16, MAT17 

MAT22 

MAT29 

MAT32, MAT33, MAT34, MAT35, MAT36 

MAT38, MAT39, MAT40 

 

When this document was updated, several matrices worksheets were empty/not fully developped:  

MAT22 

MAT29 

MAT32, MAT33, MAT34, MAT35, MAT36 

MAT39, MAT40 
 

The length corrections involved for preconfigurated mountings involving long chambers, short chambers, dissipative sections, 

Helmholtz Resonators are as follows. 
 

Length 
CORrrection 

Designation 

COR1 Modifiable: depending on a selection of models & parameters 

COR2 -(COR1+COR4) 

COR3 COR4+COR5 

COR4 Modifiable: depending on a selection of models & parameters 

COR5 Modifiable: depending on a selection of models & parameters 

COR6 -(COR5+COR8) 

COR7 COR8+COR9 

COR8 Modifiable: depending on a selection of models & parameters 

COR9 Modifiable: depending on a selection of models & parameters 

COR10 -(COR9+COR12) 

COR11 COR12+COR13 

COR12 Modifiable: depending on a selection of models & parameters 

COR13 Modifiable: depending on a selection of models & parameters 

COR14 Modifiable: depending on a selection of models & parameters 

COR15 COR5+COR8 

COR16 COR9-COR12 

COR17 COR9+COR12 

COR18 -COR12 

COR19 -COR8 

COR20 -COR4 

COR21 -COR9 

COR22 Modifiable: BYO 

COR23 Modifiable: depending on a selection of models & parameters 

COR24 (cf. 
COR24-1 & 
COR24-2) 

Modifiable: depending on a selection of models & parameters 

COR25 COR23+COR24 

COR26 empty worksheet 

COR27 empty worksheet 

COR28 =1E-10 

COR29 Modifiable: depending on a selection of models & parameters 

COR 30(cf. 
COR30-1 & 
COR30-2) 

Modifiable: depending on a selection of models & parameters 

COR31 empty worksheet 

COR32 empty worksheet 

COR33 empty worksheet 

COR34 empty worksheet 

COR35 empty worksheet 

COR36 empty worksheet 

COR37 empty worksheet 

COR38 empty worksheet 

COR39 empty worksheet 

COR40 empty worksheet 

 

When this document was updated, several matrices worksheets were not used for preconfigurated-mountings pipes:  

 

COR11 

COR13 COR14 

COR18 

COR22, COR23, COR24, COR25, COR26, CO27 

COR29, COR30, COR31, COR32, COR33, CO34, COR35, COR36, COR37, COR38, COR39, COR40 

 

When this document was updated, sevral matrices worksheets were reserved for things other than preconfigurated-mountings:    

 

COR13 for Zradn; COR14 for Zrad1 

COR23, COR24, COR25 for Helmholtz Resonators 

COR29, COR30 for Helmholtz Resonators 

 

 

 

 

 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        150/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Steps for the creation of a new preconfigurated mounting “M” 
 

- in worksheet “montages”: add to the mountings list the matrix-cascade to be considered for “M”  (i.e. enter MATx 

for each element between #2 and # 40 constituting the silencer) ; add to the mountings list the correction length 

model (CORy) to be considered for “M”  for each such Matrix MATx 

- adda worksheet “M” linked to “montages” 

- in worksheet “authentification”: add the “combinaison de matrices reference” to be considered for “M”  (i.e. enter 

MATx for each element between #2 and # 40 constituting the silencer) ; add the correction length model (CORy) to 

be considered for “M”  for each such Matrix MATx 

- in worksheet “COR” add the name of the mounting to the list & select the correction length model to be considered  

- in worksheet “In COSIL-1B” add the name of the mounting to the list & select the correction length model to be 

considered for each Matrix 
 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in COALA-1B] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Language C1 
for English input E, for 

French input F 
 

Date B3 
Modification of the 

displayed date  
 

Project E3 Input a string  

Title M3 Input a string  

Temperature D5, L5 Input a real number common value applicable to all silencer elements 

Pressure D6, L6 
Input a real positive 

number 
common value applicable to all silencer elements 

Dry clean air ? D8, L8 
For NO press 0, for YES 

press 1 

If not dry clean air then goto in n BYO, in 1 BYO, in 
CNTP-1B BYO to enter appropriate input data 

Lw0 only known per 1/1 

octave frequency band (0/1) 
U10 

For NO input 0, for YES 

input 1 

In case of input “0”: the input data of the table below 

are not applicable, the next table only must be filled 

Lw0 
C13 to 

L13 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

 

Lw0 

C18 to 

Q18 

C21 to 

Q21 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

In case of Lw0 only known per 1/1 octave frequency 

band, default values are foreseen such as 

Lw0 1/3 oct  =  Lw0 1/1 oct - 4.8 (dB) 

 

o Comments :  

 

 some data of the table above may not be  modifiable by the user despite the displayed color of the cell  

 

 data of the second table (below) are not taken into account for the design of dissipative silencers  

 

Worksheet [in n BYO], worksheet [in 1 BYO], worksheet [in CNTP-1B BYO] to be considered if not dry clean 

air 

o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Constante individuelle

 J/kg/K 
I2 

Input a real positive 

number 
Gas individual constant 

Constante adiabatique 

 
I3 

Input a real positive 

number 
Adiabatic exponenet 

Masse volumique (kg/m3) I6 
Input a real positive 

number 
density 

Vitesse du son (m/s) I7 
Input a real positive 

number 
Sound speed 
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Viscosité dynamique 

(micropoises) 
I12 

Input a real positive 

number 
Dynamic viscosity 

Cp (J/ kg °C) I15 
Input a real positive 

number 
Specific heat for constant pressure 

Lambda (1E-2 W/m °C) I17 
Input a real positive 

number 
 Thermal conductivty 

 

Worksheet [in COSIL-1B] to be continued 
 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Matrix reference C5 to AO5 
Input a string if mouting 

BYO is considered 

A matrix reference is something like MATxx; xx from 

2 to 40 

Mounting B36 Input a mouting reference  Select a model in drop down menu 

Inlet diameter (m) B47 
Input a real positive 

number 
 

Sub-group 
DC104 to 

AS104 
Input a string 

For group ET (Extended Tubes), possible sub-groups 

are EI, EO, RE, RC (nevertheless, pre-configuartion 

should be OK to cover usual needs). 

For groupe ST (Side Tubes), possible sub-groups are 

SI, SO (nevertheless, pre-configuartion should be OK 

to cover usual needs). 

For group HR (Helmholtz Resonators), possible sub-

groups are SN, LN 

For group VT (variable tubes), possible sub-groups 

are VB, VC, VD 

Number of tubes in parallel 
D105 to 

AS105 

Input a real positive 

number 

For tubes connecting chambers only, the number of 

tubes in parallel can be 1 or more 

Inlet diameter (m) 
D106 to 

AS106 

Input a real positive 

number 
 

Outlet diameter (m) 
D107 to 

AS107 

Input a real positive 

number 
 

Geométrical length (m) 
D110 to 

AS110 

Input a real positive 

number 
 

Geométrical offset x1 (m) 
D111 to 

AS111 

Input a real positive 

number 
 

Geométrical offset x2 (m) 
D112 to 

AS112 

Input a real positive 

number 
 

Model for transmission loss 
D114 to 

AS114 
Input a string 

For Uniform Tubes (UT), models to be considered are 

VIS, NVIS 

For Extended Tubes (ET) & for Side Tubes (ST), 

models to be considered are EXA, NEXA 

Absolute roughness (m) 
D115 to 

AS115 

Input a real positive 

number 
 

Zeta for delta P model BYO 
D116 to 

AS116 

Input a real positive 

number 
 

Model for delta P 
D117 to 

AS117 
Input a string 

For Uniform Tubes (UT), models to be considered are 

IDE, IDE2 

For Extended Tubes (ET) & for Side tubes (ST) 

models to be considered are BYO, any string 

 

Worksheet [in COSIL-1B] continue 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

End correction used for 

length correction (0/1) 

D123 to 

AS123 

For NO press 0, for YES 

press 1 
 

End correction used for 

matrix Tc (0/1) 

D124 to 

AS124 

For NO press 0, for YES 

press 1 

Tc is a matrix defined with respect to convective 

variables 

End correction used for 

matrix T (0/1) 

D125 to 

AS125 

For NO press 0, for YES 

press 1 

Tc is a matrix defined with respect to non-convective 

variables 

Y complex for transfer 

matrix calculation ? (0/1) 

D130 to 

AS130 
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Y complex for TL 

clculation ? (0/1) 

D131 to 

AS131 
  

 

Worksheet [in COSIL-1B] continue 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Inlet diameter (m) 
D176 to 

AS176 

Input a real positive 

number 
 

Outlet diameter (m) 
D177 to 

AS177 

Input a real positive 

number 
 

Geométrical length (m) 
D178 to 

AS178 

Input a real positive 

number 
 

Thickness (m) 
D179 to 

AS179 

Input a real positive 

number 
 

Offset (m) 
D180 to 

AS180 

Input a real positive 

number 
 

Model for added legth  
D181to 

AS181 

Select a model in drop 

down menu 
 

Positive length correction ? 

(0/1) 

D182 to 

AS182 

For NO press 0, for YES 

press 1 

To force calculated length correction to stay positive 

in any case 

Zero length correction for 

HF ? (0/1) 

D183 to 

AS183 

For NO press 0, for YES 

press 1 
 

Mach number 
D184 to 

AS184 
Input a real number  

Model for flow 

consideration 

D185 to 

AS185 
Input a string Possible models are L, M, H 

low Helmoltz number limit 

for model TCS1 

D187 to 

AS187 
Input a real number  

high Helmoltz number limit 

for model TCS1 

D188 to 

AS188 
Input a real number  

use of smaller diameter for 

what follows ? (0/1) 

D193 to 

AS193 

For NO press 0, for YES 

press 1 
 

main waveduct diameter 

(m) 
B199 Input a real number  

width to height ratio for 

rectangular main waveduct 

(m) 

B200 Input a real number 
For a circular duct, enter 1 ; else a rectangular duct 

will be considered 

coefficients for model 

TOF2 

D203 to 

AS206 
  

Correction length for model 

BYO 

D216 to 

AS216 

Input a real positive 

number 
 

 

Worksheet [in COSIL-1B] continue 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Source model O230 Input a string 
Possible models are C&P, H&M, ANE, INF , INF+, 

INF-, ZER 

Reflection factor's module 

model 
O231 Input a string Possible models are DAV, MUN , KER, KERF, L&S 

Radiation impedance model O233 Input a string 
Possible models are MUN, KER+ , KER-, KER*, 

DAV+, DAV-, MEC, ANE 

Model for radiation 

resistance in the presence of 

mean flow 

O234 Input a string Possible models are MEC, I&S, P&M, STA, ZER 
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Worksheet [in HRx-col] with x=1,2 

 

o Input data : for Long Neck i.e. when neck is modeled as a pipe 

 

Item 
Cell for 
input 

Foreseen action Comment 

diameter or side of the 

holes / width of the slits 
K34 Input a real number  

thickness H46 Input a real number  

orifice area H50 Input a real number  

axial length of perforated 

zone 
H52 Input a real number 

This is only impacting the sketch relating to the 

considered mounting 

cavity model H54 
Select a model in drop 

down menu 

tt=transerve tube, cc=concentric cylinder, gv=general 

volume 

Grazing flow model H61 
Select a model in drop 

down menu 
PM=Porous Medium, PP=Perforated Plate 

resistance coefficient for 

model E&B 
H62 Input a real number  

reactance coefficient for 

model E&B 
H63 Input a real number  

 

o Input data : for Long Neck i.e. when neck is modeled as a pipe 

 

Item 
Cell for 

input 
Foreseen action Comment 

perforation model (general 

model MIX)) 
W38 

Select a model in drop 

down menu 
 

 

o Input data : for Short Neck i.e. when neck is modeled as a porous medium or as a perforated plate: as first table above, 

and, in addition 

 

Item 
Cell for 
input 

Foreseen action Comment 

center line distance (for slits 

only) 
K35 Input a real number  

perforation ratio K36 Input a real number  

general model H37 
Select a model in drop 

down menu 
 

rear added impedance 

model (general model MIX) 
H39 

Select a model in drop 

down menu 
 

rear added length model 

(general model FRO, MIX) 
H40 

Select a model in drop 

down menu 
 

front added impedance 

model (general model MIX) 
H41 

Select a model in drop 

down menu 
 

front added length model 

(general model FRO, MIX) 
H42 

Select a model in drop 

down menu 
 

Meta model H59 
Select a model in drop 

down menu 
PM=Porous Medium, PP=Perforated Plate 

 

Worksheet [in-out COPERF]  

 

o Input data  

 

Item 
Cell for 

input 
Foreseen action Comment 

Perforation rate U14 Input a real number  

Perforation geometry U16 
Select a model in drop 

down menu 
Possible models are C, Q, L 

diameter or side of the 

holes / width of the slits 
U18 Input a real number  

Angle to normal surface U20 Input a real number  

 

 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        154/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Worksheet [in import SILDIS Module 1]  

 

o Input data  

 

Item 
Cell for 
input 

Foreseen action Comment 

Epsilon i.e.kz real part D8 to HP8 Input a real number  

Epsilon i.e.kz imaginary 

part 
D9 to HP9 Input a real number  

TL D13 Input a real number  

 

Worksheet [in-out CODIS-1B] 

 
o Main displays of the results : 

 

 total pressure loss: see line 27 column AR 

 

 transmission loss with flow without self noise (TL’): see lines 40 to 61 (& see line 73) per 1/1 octave frequency band and 

in terms of A weighted global value with reference to the reference acoustic power spectrum. 
 

 self noise (acoustic power of flow noise): see line 66 per 1/1 octave frequency band and in terms of A weighted global 

value  

 

 not A-weighted acoustic power with silencer (Lw1): see line 68 per 1/1 octave frequency band and in terms of A 

weighted global value with reference to the reference acoustic power spectrum. 

 A-weighted acoustic power with silencer: see line 69 per 1/1 octave frequency band 

 

 transmission loss with flow with self noise (TL): see line 73 per 1/1 octave frequency band and in terms of A weighted 

global value with reference to the reference acoustic power spectrum. 

 

 insertion loss with flow without flow noise with substitution duct (ILsd): see lines 75 to 94  per 1/1 octave frequency 

band and in terms of A weighted global value with reference to the reference acoustic power spectrum. 

 

 noise reduction with flow without flow noise with additionnal (NR): see lines 96 to 115  per 1/1 octave frequency band 

and in terms of A weighted global value with reference to the reference acoustic power spectrum. 

 acoustic power without silencer (Lw0) and acoustic power with silencer including self noise (Lw1) versus frequency 
see lines 42 to 61 columns Y to AG per 1/1 octave frequency band and in terms of A weighted global value with reference 

to the reference acoustic power spectrum. 

 

 transmission loss with flow without self noise (TL’) and transmission loss with flow and self noise (TL) versus 
frequency see lines 42 to 61 columns AI to AR per 1/1 octave frequency band and in terms of A weighted global value 

with reference to the reference acoustic power spectrum. 
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1B.4: Examples of computation with SILDIS 
 

Example 1B.4.1 short expansion chamber with inlet & outlet on the same half of cross section 
 

Envisaged application 

 
It is wished to compute the acoustic performance of a reactive silencer at 20 °C [1] at a pressure of 101300 Pa [2], for dry clean air  

[3]. The reference spectrum is supposed of the type “pink noise” [4] with a sound power level of 130 dB/oct [5]. Silencer, modelled 

as a short expansion chamber with inlet & outlet on the same half of cross section [6] is with dimensions are as shown on sketch 

below [7]. Fluid viscosity ignored [8]. Tubes absolute roughness 0.001 m [9]. IDE2 model for delta P considered [10]. No end 

correction accounted [11]. Zero flow considered [6]. Self noise consequently ignored [7]. It is chosen to predict the self noise of the 

silencer in the way described with the model referred to as 2081B [7] 

 

 

 
 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see figures in brackets in the 

previous §, used as placemarks for explaining the selection below).The input cells will be referred to thanks to their EXCEL’s 

coordinates (column / line) in the following part of the present user’s manual. 
 

Worksheet [in COALA-1B] for example 1B.4.1 (for an old version of the software) 
 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input 
See placemark / 

comment 

Temperature D5, L5 Input a real number 20 [1] 

Pressure D6, L6 
Input a real positive 

number 
101300 [2] 

Dry clean air ? D8, L8 
For NO press 0, for YES 

press 1 
1 [3] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

U10 
For NO input 0, for YES 

input 1 
1 [4][5] 

Lw0 
C13 to 

L13 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [4][5] 

Lw0 

C18 to 

Q18 

C21 to 

Q21 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [4][5] 
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 Worksheet [in COSIL-1B] for example 1B.4.1 to be continued (for an old version of the software) 

 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input 

See placemark / 

comment 

Matrix reference C5 to AO5 

Input a string if 

mounting BYO is 
considered 

- - 

Mounting B9 Input a mouting reference  EC1R1* [6] 

Inlet diameter (m) 
B31, 

AP31 

Input a real positive 

number 
0.04 [7] 

Sub-group 

L99 to 

W99; Y99 

to Z99; 

AM99to 

AN99 

Input a string VD in cell AM99 [6] 

Number of tubes in parallel 
D100 to 

J100 

Input a real positive 

number 
- - 

Inlet diameter (m) 
D101 to 

AS101 

Input a real positive 

number 

0.04 in I101, J101, 

AF101 

0.15 in AG101 

0.04 in AM101 

[7] 

Outlet diameter (m) 
L102 to 

AG102 

Input a real positive 

number 

0.15 in AF102 

0.04 in AG102 
[7] 

Geométrical length (m) 
D105 to 

AS105 

Input a real positive 

number 

0.1 in I105 

0.04 in J105 

0.05 IN AF105, AG105, 

AM105 

[7] 

Geométrical offset x1 (m) 
AB106 to 

AN106 

Input a real positive 

number 

0.075 in AF106 

0.15 in AG105 

0.075 in AM106 

[7] 

Geométrical offset x2 (m) 
AI107 to 

AN107 

Input a real positive 

number 
0.15 in AM107 [7] 

Model for transmission loss 

D109 to 

Z109; 

AR109 to 

AS109 

Input a string 

 

NVIS in I109, J109 

 

[8] 

Absolute roughness (m) 
D110 to 

J110 

Input a real positive 

number 
0.001 in I110, J110 [9] 

Zeta for delta P model 

BYO 

M111 to 

Z111 

Input a real positive 

number 
- - 

Model for delta P 
D112 to 

Z112 
Input a string IDE2 [10] 

 

Worksheet [in COSIL-1B] for example 1B.4.1 continued (for an old version of the software) 

 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input 
See placemark / 

comment 

End correction used for 

length correction (0/1) 

D118 to 

AS 118 

For NO press 0, for YES 

press 1 

0in I118, J118, AF 118, 

AG118, M118 
[11] 

End correction used for 

matrix Tc (0/1) 

D119 to 

AS 119 

For NO press 0, for YES 

press 1 

0in I119, J119, AF 119, 

AG119, M119 
[11] 

End correction used for 

matrix T (0/1) 

D120 to 

AS 120 

For NO press 0, for YES 

press 1 

0in I120, J120, AF 120, 

AG120, M120 
[11] 

Correction length for model 

BYO 

C154 to 

AP 154 

Input a real positive 

number 
- [11] 

Inlet diameter (m) 
C160 to 

AP160 

Input a real positive 

number 
- [11] 

Outlet diameter (m) 
C161 to 

AP161 

Input a real positive 

number 
- [11] 

Geométrical length (m) 
C162 to 

AP162 

Input a real positive 

number 
- [11] 

Thickness (m) 
C163 to 

AP163 

Input a real positive 

number 
- [11] 

Offset (m) 
C164 to 

AP164 

Input a real positive 

number 
- [11] 

Model for added legth  
C165 to 

AP165 
Input a string - [11] 
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Positive length correction ? 

(0/1) 

C166 to 

AP166 

For NO press 0, for YES 

press 1 
- [11] 

Zero length correction for 

HF ? (0/1) 

C167 to 

AP167 

For NO press 0, for YES 

press 1 
- [11] 

Mach number 
C168 to 

AP168 
Input a real number - [11] 

Model for flow 

consideration 

C169 to 

AP169 
Input a string - [11] 

Source model O177 Input a string - - 

Reflection factor's module 

model 
O179 Input a string - - 

Radiation impedance 

model 
O180 Input a string - - 

Model for radiation 

resistance in the presence 

of mean flow 

O181 Input a string - - 

 

Screenshots of the worksheets (for the example of computation) (for an old version of the software) 
 

Screenshot of worksheet [in COALA-1B] for example 1B.4.1  
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Screenshot of worksheet [in COSIL-1B] for example 1B.4.1 (for an old version of the software) 
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Screenshot of worksheet [in-out CODIS-1B] for example 1B.4.1  
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Appendix to Section 1B: list of symbols  

 
General 
 

f: frequency (Hz) 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) 

t: time (s) 

 

Dry air 
 

a: diffusivity (m2/s) 

c: (adiabatic) velocity of sound (ms-1) 

cp : specific heat (capacity) (at constant pressure) (J/kg/K) 

Cs: adiabatic compressibility (Pa-1) 

CT: isothermal compressibility (Pa-1) 

k: wave number (rad/m) 

Ks: adiabatic bulk modulus (Pa) 

KT: isothermal bulk modulus (Pa) 

t: temperature (°C) 

P: static/atmospheric pressure (Pa) 

Pr: Prandtl number   

R: gas constant (J/kg/K) 

V: volume (m3) 

Z: characteristic impedance (Nsm-3) 

 

β: coefficient of thermal expansion 

Γ: propagation constant (rad. m-1) 

η : dynamical viscosity (Nsm-2) 

λ: thermal conductivity (W/m/K) 

λ: wavelength (m) 

ν : kinematic viscosity (m2/s)  

ρ: density (kg/m3) 

 

subscript / superscript subscript superscript 

for normal conditions 0 N 

for test (room) conditions 0 * 

for service conditions 
front atmosphere 0  

rear atmosphere 0 ** 

 

Perforated protections 
 

a: diameter of holes / width of slit (m) 

d’’: thickness (m) 

M’’: surface density (kg/m2) 

R’’: series flow resistance (Nsm-3) 

Rp’’: parallel resistance (losses due to mounting) (Nsm-3) 

ε: open area ratio 

Note: subscript i for set i 

 
Silencer 

 
Di: insertion loss with flow and self noise (dB) 

Di’: insertion loss with flow without self noise (dB)  

fco: cut-off frequency of the duct (Hz) 

M: Mach number 

Qm: mass flow rate (kg/s) 

Qv: volume flow rate (m3/s or m3/h or Nm3/h) 

 
Miscellaneous 

 

See also corresponding § in General considerations  
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Section 2: computation of plane partitions  
(MODULE 2 of the software) 

 
2.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

Partition: acoustic structure (see corresponding § in Section 0), regardless of what is on the back (atmosphere or impervious rigid 

back).  

 

Plane partition: partition for which the shape of the surfaces on the one hand: facing the front atmosphere and on the other hand: at 

the rear are sufficiently close to a plane (for example: including corrugated plates and profiled claddings, but excluding cylindrical 

shells or pipes) 

 

Sound reduction index: 10 times the decimal logarithm of the ratio of the acoustic power impinging on a partition under test to the 

acoustic power transmitted by the sample [see NF EN ISO 140-3 Acoustics - Measurement of sound insulation in buildings and of 

building elements – Part 3: Laboratory measurement of airborne sound insulation of building elements (1995)] 

Rstat: with a statistic incidence (i.e. all possible incidence with an equal probability between angular limits) 

Rdif: for a diffuse field 

 

Sound absorption factor (α0): ratio of the acoustic power absorbed by the surface of the sample under test (no way back) to the 

incident acoustic power, for a plane wave at normal incidence [see ISO 10534-1 Acoustics – Determination of sound absorption 

coefficient and impedance in impedance tubes – Part 1: Method using standing wave ratio (1996)] 

 

Sound absorption coefficient for a statistic incidence (αstat): ratio of the acoustic power absorbed by the surface of the sample to 

the incident acoustic power, for a plane wave with a statistic incidence (i.e. all possible incidence with an equal probability between 

angular limits) 

 

Sabine’s factor (αsab): ratio of the equivalent acoustic area of a sample to the area of the sample [see NF EN ISO 354 Acoustics – 

Measurement of sound absorption in a reverberation room (1993)]  

 

Geometry 

 
The geometry used for the design of plane partitions with the program SILDIS is shown in figure 2.1 (illustrating the case of a 

profiled cladding). 

 
x: in case of an orthotropic plate, direction of highest bending stiffness (xx: axis about which an orthotropic plate is least stiff ) 
y: direction of the thickness of the partition (yy: axis normal to the partition surface) 

z: in case of an orthotropic plate, direction of lowest bending stiffness (zz: axis about which an orthotropic plate is the stiffest ) 

 

Orientation: (useful in case of an orthotropic plate) the angle ϕ (may be displayed: fi) of the projection (on the surface of the 

acoustic structure) of the direction of propagation of the waves in the front atmosphere is considered with respect to the axis xx (for 

example, for a corrugated acoustic structure, it is with respect to the axis parallel to the corrugations as shown on the figure) 

 

Incidence: the angle θ (may be displayed: teta) of the direction of propagation of the waves in the front atmosphere is considered 

with respect to the axis yy 

 

 

 

 

 

 

 

 

 

 

 
In case of a partition surrounded by a baffle (in which the partition is symmetrically mounted), the geometry used is shown in figure 

2.2 

 

Fig. 2.1 
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For Lx ≠ lx the following limitation of the input data is required: Int  [π0.5 * Lx * 20000 / c0] ≤ 464 ; for Lz ≠ lz the following 

limitation of the input data is required: Int  [π0.5 * Lz * 20000 / c0] ≤ 464 where c0 is the speed of sound in air (m/s). Note: For Lx ≠ 

lx (resp. Lz ≠ lz) the the following limitation of the input data is required for Lx (resp. Lz): 4.500 m when c0=343.3 m/s 
 

2.2: Scientific and technical background 
 

The prediction of acoustic performances of plane partitions with SILDIS is founded on a scientific and technical background in 

relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

In case of an atmospheric back, the obtained results are comparable with the standardized measurement: see NF EN ISO 140-3 

Acoustics - Measurement of sound insulation in buildings and of building elements – Part 3: Laboratory measurement of airborne 

sound insulation of building elements (1995) and (in case of rigid impervious back) see NF EN ISO 354 Acoustics – Measurement 

of sound absorption in a reverberation room (1993) and also ISO 10534-1 Acoustics – Determination of sound absorption coefficient 

and impedance in impedance tubes – Part 1: Method using standing wave ratio (1996). 

 

2.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 
Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

2.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of plane partitions is according the bloc-diagram below (cf fig. 2.3): 

 

Fig. 2.2 
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Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRXX-015] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [A] to [T] have been taken into account for 

the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity 

 

Note 3:  analytical calculations are involved in steps [B] to [T] with the exception of step [R] for which empirical methods are 

involved  

 

• Steps of the computation 
 

Step [A] 
 

This step aims at taking into account what is on the back (i.e. at the rear of the acoustic structure ). See corresponding § in 

Section 1 

 

o Bibliography (complementary sources) : 

  

[A2]  

[A3]  

 

Step [B] 

 
This step aims at taking into account porous media used in the acoustic structure. See corresponding § in Section 1 

 

Step [C] 

 
This step aims at taking into account series cloths used in the acoustic structure. See corresponding § in Section 1 

 

Step [D] 

 
This step aims at taking into account series perforated protections used in the acoustic structure. See corresponding § in 

Section 1 

 

Step [E] 

 
This step aims at predicting the surface impedance of a multilayered acoustic structure (including porous media, series 

cloths and series perforated protections with a back selected in a way appropriate for the considered simulation): see corresponding § 

in Section 1) including also thin plates at the front of the series cloths (bibliography unchanged). 

 

 

       fig. 2.3 
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o Comments : 

 

It has been taken into account: 

 

 that the most sophisticated partition of interest for the applications foreseen at ITS or elsewhere consists of a 

multilayer filling - from inside to outside - (see report [PhRxx-006x]):  

 

- 1 layer of perforated sheet (being presently with diameter of holes 3mm in a hexagonal array with a 

perforation rate of 32 % thickness 1.5mm) 

- 1 layer of cloth (being presently : to be précised) 

- 1 layers of porous media (being presently: to be precised) 

- 1 steel plate 

- Air 

- 1 layer of perforated sheet (being presently with diameter of holes 3mm in a hexagonal array with a 

perforation rate of 32 % thickness 0.8mm) 

- 1 layer of cloth (being presently : to be precised) 

- 1 layers of porous media (being presently: to be precised) 

- 1 steel plate 

 

 the rear boundary condition for the arrangement of materials of interest for the COmputation of Plane PArtitions 

(being an atmospheric back for the derivation of the sound reduction index ) 

  
 possible other useful arrangements of materials (for other predictions to be done in relation with the COmputation of 

Acoustic LAyers, not only in the context of COmputation of  Plane PArtitions) 

 possible other useful rear boundary conditions for the arrangements of materials: impervious rigid back for Sabine’s 

factor for example (also for other predictions to be done in relation with the COmputation of Acoustic LAyers, not 

only in the context of COmputation of  Plane PArtitions) 

 

 Consequently (see figure 2.4 below  showing the most sophisticated acoustic structure available under the condition – 

presently not fulfilled - of complete implementation of the software):  

 

 a variable (from 1 to 4) number of sets of elements is considered for the computation, the sets being indexed from an 

impervious rigid back to the front (airway side): 1 to 4  

 

 a complementary set (set 0) is used (at the rear of set 1) consisting of up to 1 thin plate (indeed 1 or several identical 

thin plates) backed by atmosphere or 1 backed by an impervious rigid wall, the selection being made by the user, 

depending on the considered application for which the computation is performed. 

 

Remark: the set 0 has still not been 100 % implemented in the considered revision of the software (work on progress but 

considerable unsolved difficulties faced in relation with a computational overload) 

 

For the total thickness of the acoustic structure d the following formula apply: 

                  

                                
 

 
 

   
                                

 
 

di (resp. d’i, d’’i and d’’’i) = thickness of the porous medium (resp. the series cloth, the series perforated protection and the 

thin plate) of set i 

I’i (resp.Id’’i) = 0 or 1 depending on the incorporation (or not) of the considered element of set i in the acoustic structure 

(omitted in the worksheets displays of the software for the sake of simplicity) 

ni= number of identical thin plates of set i (omitted in the worksheets displays of the software for the sake of simplicity) 

 

For the total surface density of the acoustic structure d the following formula apply: 

                   
                                
 

 
 

   
                                

 
 

Mi (resp. M’i, M’’i and M’’’i) = surface density of the porous medium (resp. the series cloth, the series perforated 

protection and the thin plate) of set i 

I’i (resp.Id’’i) = 0 or 1 depending on the incorporation (or not) of the considered element of set i in the acoustic structure 

(omitted in the worksheets displays of the software for the sake of simplicity) 

∑ 

i = 1          

imax 

  d = di      + ∑ 

i = 1           

imax 

∑ 

i = 1           

imax 

I’’i * d’’i +    I’i * d’i    + ∑ 

imax 

i = 0         

ni * d’’’i  

∑ 

i = 1          

imax 

  Μ = Mi      + ∑ 

i = 1           

imax 

∑ 

i = 1           

imax 

I’’i * M’’i +    I’i * M’i    + ∑ 

imax 

i = 0         

ni * M’’’i    
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ni= number of identical thin plates of set i (omitted in the worksheets displays of the software for the sake of simplicity) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

 

 
 each set (from 1 to 4) consists (from the rear to the front) of up to 1 porous medium, up to 1 series cloth and up to 1 

series perforated protection , up to 1 series thin plate (using electro-acoustic analogies):  see figure 2.5 below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

            
. 

 

 

 

 
 each thin plate can be either profiled (when monolithic) or with an extensional damping or with a constrained 

damping (see fig. 2.6 and 2.7) 
 the surface impedance of the acoustic structure with an impervious rigid back or with an atmospheric back is 

calculated above the set  imax: the COmputation of  the Plane PArtitions is performed for an acoustic structure (with 

an impervious rigid back or with an atmospheric back) including sets from 0 to imax (with 0 ≤ imax ≤ 4)  

 
Note: for the considered version of SILDIS, calculations with the routine COPPA are possible for imax = 0 or for 

imax =1or for imax = 2 

 

The less complicated models available for taking into account the physical properties of a porous medium are based on the 

hypothesis of  homogeneity in directions parallel to and perpendicular to the surface of the material (i.e. same properties in 

directions x, y and z). Although some porous media (including some stone wools, some glass wools) are known to be non 

homogeneous in directions parallel to and perpendicular to the surface of the material having  (in particular) an airflow 

resistivity normal to laminae of fibers σN  and an airflow resistivity parallel to laminae of fibers σP that can notably differ (with 

σP  reaching only 0.5*σN sometimes), no possible inhomogeneity of porous media in directions parallel to and perpendicular to 

its surface (i.e. no different properties - depending on the used model - in directions x and y) is considered (for the routine 

COmputation of Plane PArtitions). 

 

Note 1: each layer is assumed to not be glued to another 

 

Note 2: concerning  the perforated protection of the set i, the porous medium taken into account with the models of added 

impedance ROA and RDE is: 

 at the rear: the porous medium of set i 

 at the front: the porous medium of set i+1 if i<4 (even if i+1>imax: the selection of a reference different of AIR for the 

porous media of set i such as i>imax is highly discouraged) or the front atmosphere if i=4  

 

 

Fig. 2.4 

                            set 4                                          set 3                                         set 2                                         set 1                set 0 

 

 

 

? 

atmospheric back or impervious rigid back 

fig. 2.5 

  set 1 to 4: zoom                                          

porous medium 

series cloth 

series perforated protection              series thin plate 
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Note 3: the use in practical cases (and the corresponding prediction of performance) of a perforated protection in contact with 

something else than a porous medium (that can be air at the front or a thin wire mesh spacer at the rear in some cases) is highly 

discouraged 

 
Step [M] 
 

This steps aims at taking into account series thin plates used in the acoustic structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o Bibliography (references) : 

 

[M1]  

[M2]  

[M3] 

- 

 

[M4] 

- 

 

[M5] 

- 

- 

 

[M6] 

- 

 

[M7] 

- 

 

[M8] 

- 

 

[M9] 

- 

- 

 

 

o Comments : 

 

         The following governing equation is considered (with notations adapted from various sources: will be specified on the 

occasion of a future revision of this user’s manual): 

 

D11                 + 2 ( D12 + 2D66)                         +  D22                +  M’’’                 = p (x, z, t)   

 

where 

 

M’’’: surface density (kg/m2) 

p: pressure (Pa) 

t: time (s) 

w: lateral (transverse) displacement (m) 

 

and where  

 

the bending stiffnesses Dij (i and j varying from 1 to 2) (Nm) can be expressed as:  

 

D11 = D’x =D 

2 ( D12 + 2D66)  = 2 D’xz  = 2 H = 2D, where = D’xz  = (D’x D’z)0.5 = D 

D22 = D’z = D  

 

The loss factor of plates η is computed according various models as shown in the table below: 

model INT TOT 

source 
η of the 

material 
[M5]  

∂4w 

∂x4 
∂4w 

∂x2∂z2 
∂4w 

∂z4 
∂2w 

∂t2 

thin plate 
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When used, the frequency corresponding to the mode (1,1) of thin plates f11 (may be displayed f11) is computed according 

various models as shown in the table below: 

 

model HAN HEA 

source [M4] [M6] 

 

The critical frequency fc is derived as: 

 

  

 

 

The effective critical frequency fceff  (applicable in case of a thickness of the plate not sufficiently small for allowing to 

consider the plate as a thin plate ) is computed according various models as shown in the table below: 

 

model GER NF NAT 

source [M7], [M8] [M9]  fceff=fc 

 

Step [M’] 
 

This step, being a complementary feature associated with step [M], aims at calculating the properties of series perforated 

plates in the acoustic structure. 

 

This steps aims at taking into account series thin plates used in the acoustic structure.  

 

 

 

 

 

 

 

 

 

 

  

In order to include the calculations in the general layout of the program, an equivalent series thin plate is considered, referenced 

PERFO, available in the list of thin plates of the worksheet [in COALA], for which the corresponding parameters are first derived 

from the input data of the layer, by the use (before using the worksheet [in COALA]) of a complementary worksheet referenced [in-

out COPERF] (COmputation of PERForated plates).  

 
o Bibliography (references) : 

 

[M’1]  

 

o Comments : 

 
         The Young’s modulus of the equivalent plate (depending on open area ratio ε) is computed according various models as 

shown in the table below  

 

model MEC 

source [M’1] 

               

         The density of the equivalent plate (depending on open area ratio ε) is computed as for a monolithic plate of same surface 

density and of same thickness. 

 

       The Poisson’s ratio of the equivalent plate is set to the Poisson’s ratio of the (thin) base plate.  

                The loss factor of the equivalent plate is set to the loss factor of the base (thin) plate.  

Step [M’’] 
 

This step, being a complementary feature associated with step [M], aims at calculating the properties of damped plates made of 

a (thin) base plate and of an unconstrained layer of damping material in the acoustic structure (extensional damping) as shown of 

figure 2.8 below  

 

 

 fc  =  c2 

2π 
 M’’’ 

  D 

0.5 

perforated plate 
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  In order to include the calculations in the general layout of the program, an equivalent series thin plate (composite) is 

considered, referenced 2-PLY, available in the list of thin plates of the worksheet [in COALA], for which the corresponding 

parameters are first derived from the input data of each layer of the composite, by the use (before using the worksheet [in COALA]) 

of a complementary worksheet referenced [in-out CODAP] (COmputation of DAmped Plates). 

 

o Bibliography (references) : 

 

[M’’1]  

[M’’2] 

- 

 

[M’’3] 

- 

 

[M’’4]  

[M’’5]  

[M’’6]  

[M’’7] 

- 

 

[M’’8] 

- 

 

 

o Comments : 

 
         The Young’s modulus of the equivalent plate is computed according various models as shown in the table below: 

 

model BER MOI AB HAN1 HAN2 

source 

[M’’1] 

[M’’2] 

[M’’4] 

[M’’3] 

[M’’4] 
[M’’7]  [M’’8]  [M’’8]  

                  

The density of the equivalent plate is computed as for a monolithic plate of same surface density and of same total 

thickness (the sum of the thicknesses of the 2 layers of the composite - as displayed in worksheet [in-out CODAP] - is 

required as an input in the worksheet [in COALA] for the thickness of the thin plate referenced 2-PLY). 

 

The Poisson’s ratio of the equivalent plate of the equivalent plate is computed according various models as shown in the 

table below - the use of results of computations involving damping materials with Poisson’s ratio not sufficiently close of 

the Poisson’s ratio of the (thin) base plate is discouraged -.: 

 

model BASE DAMP AVG 

source 

Poisson’s 

ratio of the 

(thin) BASE 

plate 

Poisson’s 

ratio of the 

DAMPIN

G plate 

Average 

between 

BASE & 

DAMP 

                  

         The loss factor of the equivalent plate is computed according various models as shown in the table below: 

 

model BER MOI AB 

source 

[M’’1] 

[M’’2] 

[M’’4] 

[M’’3] 

[M’’4] 
[M’’7]  

 

 

 

 

 

             

fig. 2.8 

base plate                  damping plate 
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Step [M’’’] 
 

This step, being a complementary feature associated with step [M], aims at calculating the properties of damped plates made of 

a 1st thin plate (base plate), a damping material and a 2nd thin plate (constraining layer) in the acoustic structure (constrained 

damping) as shown of figure 2.9 below 

 

 

 

 

 

 

 

 
 

 

  

 In order to include the calculations in the general layout of the program, an equivalent series thin plate (composite) is 

considered, referenced 3-PLY, available in the list of thin plates of the worksheet [in COALA], for which the corresponding 

parameters are first derived from the input data of each layer of the composite, by the use (before using the worksheet [in COALA]) 

of a complementary worksheet referenced [in-out CODAP] (COmputation of DAmped Plates).  

At the date of writing of the present user’s manual, it has not been checked in a satisfying way the accuracy of the software for 

the computation of the performances of sandwich panels with a thickness of the core much greater than the thickness of the 

laminates and/or with any extensional stiffness. 

 

At the date of writing of the present user’s manual, it has not been checked in a satisfying way the accuracy of the software for 

all the possible models involved in the step [P’] when the reference 3-PLY is used for the plate. 

 

o Bibliography (references) : 

 

[M’’’1]  

[M’’’2] 

- 

 

[M’’’3] 

- 

 

[M’’’4]  

[M’’’5]  

[M’’’6]  

[M’’’7] 

- 

 

  

o Comments : 

 
        The Young’s modulus and the loss factor of the equivalent plate referenced 3-PLY are computed according various 

models as shown in the table below: 

 

model BER MOI MAX 

source 
[M’’’1] 

[M’’’2] 

[M’’’3] 

[M’’’4] 
(*) 

 

 

 
        The density of the equivalent plate is computed as for a monolithic plate of same surface density and of same total 

thickness (the sum of the thicknesses of the 3 layers of the composite - as displayed in worksheet [in-out CODAP] - is required 

as an input in the worksheet [in COALA] for the thickness of the thin plate referenced 3-PLY). 

 

         The Poisson’s ratio of the equivalent plate is set to the Poisson’s ratio of the base (thin) plate. The use of results of 

computations involving damping materials with Poisson’s ratio not sufficiently close of the Poisson’s ratio of the base (thin) 

plate is discouraged. 

 

Step [M’’’’] 
 

This step, being a complementary feature associated with step [M], aims at calculating the properties of series orthotropic 
plates in the acoustic structure (i.e. plates for which the bending stiffness is dependent upon the direction of wave propagation). 

 

 In order to include the calculations in the general layout of the program, an equivalent series thin plate is considered, 

referenced ORTHO, available in the list of thin plates of the worksheet [in COALA], for which the corresponding parameters are 

fig. 2.9 

damping plate 

base plate 

               constraining plate 

*combining models BER and MOI 
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first derived from the input data of the layer, by the use (before using the worksheet [in COALA]) of a complementary worksheet 

referenced [in-out COORT] (COmputation of ORThotropic plates).  

At the date of writing of the present user’s manual, it has not been checked in a satisfying way the accuracy of the software for  

models different of the model INT involved in the step [P’] when the reference ORTHO is used for the plate. 

 

o Bibliography (references) : 

 

 [M’’’’1]  

[M’’’’2] 

- 

 

[M’’’’3] 

- 

 

[M’’’’4]  

[M’’’’5] 

- 

 

[M’’’’6] 

- 

 

[M’’’’7] 

- 

 

[M’’’’8] 

- 

 

 

o Comments : 

 
The bending stiffness D’x (D’zz) in the direction x of highest bending stiffness of the plate (about the zz-axis about which 

the panel is the stiffest) and the bending stiffness D’z (D’xx) in the direction z of lowest bending stiffness of the plate (about 

the xx-axis about which the panel is the least stiff), of the equivalent plate referenced ORTHO are computed according various 

models as shown in the table below (cf. fig 2.10): 

 

model COR RIB CLA MOI 

source [M’’’’1]  [M’’’’1]  (*) (**) 

 

*For the model CLA, the bending stiffness are computed according various models as shown in the table below : 

 

model SAY HAN 

source 
[M’’’’2], 

[M’’’’3] 

[M’’’’6], 

[M’’’’7] 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  The following governing equation is considered (with notations adapted from various sources: will be specified on the 

occasion of a future revision of this user’s manual): 

 

D11                 + 2 ( D12 + 2D66)                         +  D22                +  M’’’                 = p (x, z, t)   

 

where 

 
Fig. 2.10 

∂4w 

∂x4 
∂4w 

∂x2∂z2 
∂4w 

∂z4 
∂2w 

∂t2 

model COR 

model RIB 

model CLA 

**D’x (D’zz) and D’z (D’xx) are input data 
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M’’’: surface density (kg/m2) 

p: pressure (Pa) 

t: time (s) 

w: lateral (transverse) displacement (m) 

 

and where  

 

the bending stiffnesses Dij (i and j varying from 1 to 2) (Nm) can be expressed as:  

 

D11 = D’x  

2 ( D12 + 2D66)  = 2 D’xz  = 2 H, where = D’xz  = (D’x D’z)0.5 with the exception of the model MOI where D’xz is an 

input data 

D22 = D’z  

 

When used, the frequency corresponding to the mode (1,1) of thin plates f11 (may be displayed f11) is computed according 

various models as shown in the table below: 

 

model HAN HEA 

source [M’’’’6] [M’’’’8] 

 

The Young’s modulus of the equivalent plate referenced ORTHO is set to the Young’s modulus of the base (thin) plate.  

 

The density of the equivalent plate is computed as for a monolithic plate of same surface density and of same total 

thickness (the overall thicknesses of the plate - as displayed in worksheet [in-out COORT] - is required as an input in the 

worksheet [in COALA] for the thickness of the thin plate referenced ORTHO). 

 
                The Poisson’s ratio of the equivalent plate is set to the Poisson’s ratio of the base (thin) plate.  

 

                The loss factor of the equivalent plate is set to the loss factor of the base (thin) plate.  

 

The lowest critical frequency fcx is derived as: 

 

  

 

 
The upper critical frequency fcz is derived as: 

 

  

 

Step [N] 
 

This steps aims at calculating the sound absorption coefficient at normal incidence of the acoustic structure assumed to be 

locally reacting 

 

o Bibliography (references) : 

 

[N1]  

[N2]  

[N3]  

 

o Comments : 

 

         The sound absorption coefficient at normal incidence derived by the means of the present step is referred to as α0 (may be 

displayed: alpha 0). 

 

o Remarks in relation with the displayed results: 

 
In case of rigid impervious back, at the room conditions of temperature and pressure, the displayed results in terms of 

values per 1/3 octave frequency band (computed from 1/21 octave frequency band values) are comparable with the 

standardized measurement: see standard ISO 10534-1 Acoustics – Determination of sound absorption coefficient and 

impedance in impedance tubes – Part 1: Method using standing wave ratio. 

 

The values per 1/1 octave frequency band are obtained with SILDIS by averaging the results per 1/3 octave band 

 
Step [O] 
 

This steps aims at calculating the sound absorption coefficient for a statistic incidence of the acoustic structure 

 fcx =  c2 

2π 
 M’’’ 

 D’x 

0.5 

 fcz =  c2 

2π 
 M’’’ 

 D’z 

0.5 
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o Bibliography (references) : 

 

[O1]  

[O2]  

[O3]  

[O4] 

- 

 

[O5] 

- 

 

[O6]  

 

o Comments : 

 

         The sound absorption coefficient for a statistic incidence derived by the means of the present step is referred to as αstat 

(may be displayed: alpha stat). 

 

o Remarks in relation with the angular integration (see § Geometry in Section 2) 

 
The sound absorption coefficient for a statistic incidence is calculated (per frequency band) by angular integration 

according to the generalized (customized) formula below (see notations farther): 

 

 

 

 

                                  

                                
 
 

 

 

 

 

 

 

 

 

 
with the notable exception of the model DAV where the denominator is replaced by 0.5 

 

 with respect to the orientation (angle ϕ): the integration is performed from ϕmin to ϕmax as selected by the user 

(in order to match field considerations) in a proposed list (for the present version of the program, angles from 5.625 

to 84.375° with a step of 11.25° i.e. N=8 angles) 

 

Recall: orientation (angle ϕ) is of interest in case of an orthotropic plate included in the acoustic structure 

 

 regarding the incidence (angle θ): the integration is performed from θmin to min (θmax, θL) 

 

- θmin and θmax are selected by the user (in order to match field considerations) in a proposed list (for the 

present version of the program, angles from 0 to 89.375° with a step of 1.25° i.e. 73 angles) 

 

- θL is taken into account according various models as shown in the table below: 

 

model 90° DAV MOI 

source (*) [O4] [O5] 
[O4] [O5] 

[O6] 

  

Accordingly:  

 

 with respect to the orientation (angle ϕ): 

 

 for a simulation between 2 limiting angles of incidence (to choose), the user will input (by the means of the 

proposed lists) a value for ϕmin and a value for ϕmax 

 for a simulation of a diffuse incidence (with respect to the orientation angle ϕ), the user will input (by the means 

of the proposed lists) 5.625° for ϕmin and 84.375° for ϕmax 

 

 regarding the incidence (angle θ): 

 

θmin 

∑ 

θmin 

α(ϕ,θ)*cos(θ)*sin(θ)*dθ 

i = 1           

N 

  αstat = 
1 

N 

∫ 

∫ 

min (θmax, θL)  

cos(θ)*sin(θ)*dθ 

min (θmax, θL)  

*θL = 90° 
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 for a simulation between 2 limiting angles of incidence (to choose), without other consideration, the user will 

input (by the means of the proposed lists):  

 

 a value for θmin and a value for θmax 

 the model for θL: 90° 

 

 for a simulation of a field (diffuse ?) incidence (with respect to the incidence angle θ) 

 

 using the (classical) approach consisting (for a partition of undefined extent) in using a unique limiting 

value of the angle of incidence (78°, 80°, 85° … in any case below 90° in order to reduce the discrepancies 

between prediction and measurement results especially at low frequency), the user will input (by the 

means of the proposed lists): 

- 0° for θmin 

- the closer (to the wished limiting angle) value for θmax  

- the model for θL: 90° 

 

 using the “pure” approach basing the model referred to as “DAV” (taking into account the dimensions of 

the partition), the user will input (by the means of the proposed lists): 

- 0° for θmin 

- 90° for θmax and 

- the model for θL: DAV 

 

 preferring not replacing by 0.5 the denominator of the formula above, but being interested by the  approach 

basing the model referred to as “DAV” the user will input (by the means of the proposed lists): 

 

- 0° for θmin 

- 90° for θmax and 

- the model for θL: MOI 

 

o Remarks in relation with the displayed results: 

 

In case of rigid impervious back, at the room conditions of temperature and pressure and with an appropriate selection of 

values of limiting angles of integration the displayed result(s): 

 

 in terms of values per 1/3 octave frequency band (computed from 1/21 octave frequency band values) and in term of 

values per 1/1 octave frequency band are comparable with the standardized measurement: see standard NF EN ISO 

354 Acoustics – Measurement of sound absorption in a reverberation room. 

 

 in terms of the unique index αw is comparable with the standardized measurement: see standard NF EN ISO 11654 

Acoustics – Sound absorbers for use in buildings – Rating of sound absorption. 

 
Step [O’] 
 

This step, being a complementary feature associated with step [O],  aims at calculating the Sabine’s factor of the acoustic 

structure 

 

o Bibliography (references) : 

 

[O’1]  

 

o Comments : 

 

         The sound absorption coefficient derived by the means of the present step is referred to as αsab (may be displayed: alpha 

sab).  

 

When alpha stat reaches 1, αsab is set to an (upper) (finite) limiting value being chosen by the user for the considered 

version of the software 

 

o Remarks in relation with the angular integration (see § Geometry in Section 2) 

 
The Sabine’s factor is derived (per frequency band) from the sound absorption coefficient for a statistic incidence: 

attention has to be paid to angular limits of integration appropriate for a diffuse field (see corresponding § at step [O]) 
o Remarks in relation with the displayed results: 

 

see corresponding § at step [O] 
 

Note: in case of rigid impervious back only makes the results displayed for αsab sense 
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Step [P] 
 

This steps aims at calculating the sound reduction index for coupling 0 % without sound leaks 

 

o Bibliography (references) : 

 

[P1]  

[P2]  

[P3] 

- 

- 

 

[P4] 

- 

 

[P5] 

- 

 

[P6]  

 

o Comments: 

 

The transmission loss for a statistic incidence derived by the means of the present step is referred to as R stat = -

10log(τstat) where τstat is the transmission factor for a statistic incidence 

 

o Remarks in relation with the angular integration (see § Geometry in Section 2) 

 

The transmission factor for a statistic incidence is calculated (per frequency band) by angular integration according to the 

generalized (customized) formula below (see notations farther): 

 

 

 

 

                                  
                                

 
 

 

 

 

 

 

 

 

 

 

with the notable exception of the model DAV where the denominator is replaced by 0.5 

 

 with respect to the orientation (angle ϕ): the integration is performed from ϕmin to ϕmax as selected by the user 

(in order to match field considerations) in a proposed list (for the present version of the program, angles from 5.625 

to 84.375° with a step of 11.25° i.e. N=8 angles) 

 

Recall: orientation (angle ϕ) is of interest in case of an orthotropic plate included in the acoustic structure 

 

 regarding the incidence (angle θ): the integration is performed from θmin to min (θmax, θL) 

 

- θmin and θmax are selected by the user (in order to match field considerations) in a proposed list (for the 

present version of the program, angles from 0 to 89.375° with a step of 1.25° i.e. 73 angles) 

- θL is taken into account according various models as shown in the table below: 

 

model 90° DAV MOI 

source (*) [O4] [O5] 
[O4] [O5] 

[O6] 

 

Accordingly:  

 

 with respect to the orientation (angle ϕ): 

 

 for a simulation between 2 limiting angles of incidence (to choose), the user will input (by the means of the 

proposed lists) a value for ϕmin and a value for ϕmax 

 

θmin 

∑ 

θmin 

τ(ϕ,θ)*cos(θ)*sin(θ)*dθ 

i = 1           

N 

  τstat = 
1 

N 

∫ 

∫ 

min (θmax, θL)  

cos(θ)*sin(θ)*dθ 

min (θmax, θL)  

*θL = 90° 
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 for a simulation of a diffuse incidence (with respect to the orientation angle ϕ), the user will input (by the means 

of the proposed lists) 5.625° for ϕmin and 84.375° for ϕmax 

 

 regarding the incidence (angle θ): 

 

 for a simulation between 2 limiting angles of incidence (to choose), without other consideration, the user will 

input (by the means of the proposed lists):  

 

 a value for θmin and a value for θmax 

 the model for θL: 90° 

 

 for a simulation of a field (diffuse ?) incidence (with respect to the incidence angle θ) 

 

 using the (classical) approach consisting (for a partition of undefined extent) in using a unique limiting 

value of the angle of incidence (78°, 80°, 85° … in any case below 90° in order to reduce the discrepancies 

between prediction and measurement results especially at low frequency), the user will input (by the 

means of the proposed lists): 

 

- 0° for θmin 

- the closer (to the wished limiting angle) value for θmax  

- the model for θL: 90° 

 

 using the “pure” approach basing the model referred to as “DAV” (taking into account the dimensions of 

the partition), the user will input (by the means of the proposed lists): 

- 0° for θmin 

- 90° for θmax and 

- the model for θL: DAV 

 

 preferring not replacing by 0.5 the denominator of the formula above, but being interested by the  approach 

basing the model referred to as “DAV” the user will input (by the means of the proposed lists): 

 

- 0° for θmin 

- 90° for θmax and 

- the model for θL: MOI 

 

o Remarks in relation with the displayed results: 

 

The sound reduction index is computed at frequency steps of 1/3 octave (from 1/21 octave frequency band values) and 

then calculated per 1/1 octave frequency band for a reference acoustic power spectrum Lw0 in dB ref 1E-12W). 

 

In case of a rear atmosphere at the room conditions of temperature and pressure, the obtained (with an appropriate 

selection of values of limiting angles of integration) result(s):  

 

 in terms of sound reduction index per 1/3 octave frequency band are comparable with the standardized measurement: see 

NF EN ISO 10140-2 Acoustics. Laboratory measurement of sound insulation of building elements. Measurement of 

airborne sound insulation   

 

 in terms of sound reduction index per 1/1 octave frequency band are comparable with the same standard when obtained 

with SILDIS by the use of a pink power spectrum for Lw0. 

 

 in terms of the unique index Rw is comparable with the standardized measurement: see standard NF EN ISO 717-1 

Acoustics – Rating of sound insulation in buildings and of building elements – Part 1: Airborne sound insulation. 

 
Step [P’] 
 

This step, being a complementary feature associated with step [P], aims at calculating the sound reduction index of a single-
leaf (rectangular) (plane) partition (thin plate 0) with sound leaks, allowing an extended integration of various parameters (1 

plate alone such as those of set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected quantities 

of other elements, and with atmosphere at the front and at the rear regardless of the selected input data) 

 

o Bibliography (references) : 

 

[P’1] 

- 

 

[P’2] 

- 

 

[P’3] 

- 

- 
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[P’4]  

[P’5] 

- 

 

[P’6] 

- 

 

[P’7] 

- 

 

[P’8] 

- 

 

[P’9] 

- 

 

[P’10] 

- 

 

[P’11]  

[P’12]  

[P’13] 

- 

 

[P’14] 

- 

 

[P’15] 

- 

 

  

o Comments : 

 

 when used, the boundary conditions are taken into account according various models as shown in the table below: 

 

 

 

 

 

 

 

 when used, the free bending waves radiation ratio σrad is computed according various models as shown in the table 

below: 

 

model MAI NF 

source 

[P’1][P’2] 

[P’3] [P’4] 

[P’5] (*) 

[P’1][P’2] 

[P’3] [P’4] 

[P’5] 

 

*although not mentioned in references [P’1 and [P’2], considerations in relation with the eigen frequency 

corresponding to the mode (1,1) of the plate (f11) are also considered. The models MAI and NF differ only by the 

result obtained in the area of the critical frequency.   

 

 when used, the transmission factor for normal incidence TO is computed either with a simplified model (1/TO 

proportional to the frequency) or not simplified 

 

 when used, the loss factor η is taken into account in the way described for step [M] 

 

 the transmission factor is computed according various models taking into account (resp. taking not into account) 

various parameters as shown in the table below: 

 

general model SHA(*) MOI 

source 
[P’6] (**) 

 

 

parameters 

forced transmission yes yes/no 

resonant 

transmission  
no yes/no 

partition in a baffle / 

niche effect 
no yes/no 

 

*not appropriate for computations with the plate referenced 3-PLY  **see below 

 

 when used, the general model MOI allows to compute the sound reduction index R as a function of frequency f as 

follows: 

 

model SSE CE MID 

condition 

Simply 

Supported 

Edges 

Clamped 

Edges 

MIDSay 

between SSE 

and CE 
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 below the critical frequency fc :  

 

 for f sufficiently below fc, the forced transmission factor τforced is derived according various models as 

shown in the table below: 

 

model 4TO 3TO INT SEW BAL DAV 

source [P’7] [P’5] 
[P’5] 

(*) 
[P’8] [P’9] 

[P’6] 

[P’10] 

 

model JOS GER NF NI1 (**) NI2 (**) ZER 

source [P’11] [P’12] [P’13]  
[P’3] 

 
[P’14] [P’15] τforced=0 

 

* see step [M] (in case of a non “pure” thin plate see also steps [M’] to [M’’’], see remarks in relation with the 

angular integration: below) ** the use of this model is highly discouraged if the same choice of model is not 

made for resonant transmission   

 

 for f sufficiently below fc, the resonant transmission factor τres is derived according various models as 

shown in the table below: 

 

model SEA JOS NF NI1 NI2 ZER 

source [P’4] [P’5] 
[P’11] 

[P’12]  
[P’3]  

[P’14] 

(*)  

[P’15] 

(*)  
τres=0 

 

* the use of this model is highly discouraged if the same choice of model is not made for forced transmission       

 for f ≈ fc the transmission factor is derived (for a frequency range chosen by the user in terms of a number 

of 1/3 of octave below fc) according various models as shown in the table below: 

 

model JOS NF NAT 

source 
[P’11] 

[P’12]  
[P’3]   (*) 

 

* the transmission factor is derived as for the general case f < fc 

 

 at and above the critical frequency fc: 

 

 for f sufficiently above fc the transmission factor τ is derived according various models as shown in the 

table below: 

 

model INT SEA CRE JOS NF NIL 

source [P’5](*) [P’2] [P’5] [P’6] [P’11] [P’3] 
[P’14] 

[P’15] 

 

* see step [M] (in case of a non “pure” thin plate see also steps [M’] to [M’’’], see remarks in relation with the 

direction of the waves impinging the partition: below)  

 

 for f ≈ fc the transmission factor is derived (for a frequency range chosen by the user in terms of a number 

of 1/3 of octave above fc) according various models as shown in the table below: 

 

model JOS NF NI2 NAT 

source 
[P’11] 

[P’12]  
[P’3]  [P’15]  (*)  (**) 

 

* to be used only with model NI2 for forced and resonant transmission, and with model NIL for transmission 

above fc  ** the transmission factor is derived as for the general case f ≥ fc 

 

 in order to retrieve some (not always comprehensive) presentations given in various bibliographic sources with 

the general model MOI:  

 

source models [P’2] [P’3] [P’5] [P’8] [P’9] 

boundary conditions SSE/CE SSE/CE SSE/CE ? - 
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radiation ratio (of free 

bending waves) 
MAI NF MAI ? - 

simplified transmission 

factor for normal incidence 
yes yes no/yes yes yes 

for f < fc 

model of 

forced 

transmission 

ZER NF INT SEW BAL 

model of 

resonant 

transmission 

SEA NF SEA SEA? ZER 

for f > fc 
model of 

transmission 
SEA NF INT/SEA SEA? CRE 

 

 

source models [P’10] [P’11]  [P’13] [P’14] [P’15] 

boundary conditions - SSE/CE SSE/CE SSE/CE SSE/CE 

radiation ratio (of free 

bending waves) 
- ? ? - - 

simplified transmission 

factor for normal incidence 
no yes no/yes yes yes 

for f < fc 

model of 

forced 

transmission 

DAV JOS GER NI1 NI2 

model of 

resonant 

transmission 

ZER JOS JOS NI1 NI2 

for f > fc 
model of 

transmission 
CRE JOS JOS NIL NIL 

 

 in order to retrieve the results of step [P] (with other appropriate input data :  

 

source models step [P] 

boundary conditions - 

radiation ratio (of free bending waves) - 

simplified transmission factor for normal incidence no 

for f < fc 

model of forced transmission INT 

model of resonant transmission 0 

for f > fc model of transmission INT 

 

The sound reduction index derived by the means of the present step is referred to as R dif (assuming a diffuse field). 

In case of use of the model INT, attention has to be paid to an appropriate selection of limiting angles for the angular 

integration in order to match field considerations.  

 

o Remarks in relation with the angular integration: 

 

in case of use of the model INT: see corresponding § at step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § at step [P]  

 

Step [Q] 
 

This steps aims at calculating the sound reduction index for coupling 100 % without sound leaks 
 

o Bibliography (references) : 

 

See comments below 

 

o Comments : 
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The approach of step [P] is extented to the case of a partition for which the behavior is only controlled by the (total) mass 

(law). The sound reduction index derived by the means of the present step is referred to as R stat. 
 

o Remarks in relation with the angular integration: 

 

see corresponding § at step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § at step [P]  

 

Step [R] 
 

This steps aims at calculating the sound reduction index with connections without sound leaks 
 

o Bibliography (references) : 

 

[R1] 

- 

 

[R2] 

- 

 

[R3]  

[R4] 

- 

- 

 

[R5] 

- 

 

[R6] 

- 

 

 

 Comments : 

 

Connections (for a double shell partition consisting of thin plates of set 0 and 2) are taken into account according various 

models: 

 

- a general model (concerning the computation) for Rdif as shown in the tables below:  

 

model FAH DAV SHA1 SHA2 SHA3 

source 
[R1] 

 

[R1] 

 

[R1][R2] 

 

[R1] [R2] 

 

[R1] 

 

number of 

identical 

plates for 

each leaf 

1 1 
according 

input data 

according 

input data 
1 

 

 

- for the general model DAV only, a sub model for Rdif as shown in the tables below:  

 

model 1990 2009 2012 

source [R4] [R5] [R6] 

 

- for the general model DAV only, a sub model for Rdif as shown in the tables below:  

 

model BYO PWL ZER 

source - [R6] - 

comment 
Bring Your 

Own 

Plasterboar

d Walls 

Leaves 

ZERo 

 

- for the general models SHA1, SHA2, SHA3 only, a model for connections as shown in the tables below:  

 

model L-L L-P P-P 
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source 
[R1][R1] 

 

[R1] 

 

[R1][R2] 

 

comment Line-Line Line-Point Point-Point 

 

Note: for the present revision of the software vibration transmission factor input data are not used for the computation (to 

be continued: work on progress) 

 

o Remarks in relation with the angular integration: 

 

in case of use of the model INT for plates of set 0 (general models SHA1 and SHA 2): see corresponding § at step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § at step [P]  

 

To be continued 

 

Step [S] 
 

This steps aims at calculating the sound reduction index of sound leaks 

 

o Bibliography (references) : 

 

[S1] 

- 

 

[S2] 

- 

 

 

o Comments : 

 

In order to include the calculations in the general layout of the program, the following bibliographic source have not been 

used: 

 

[S3] 

- 

 

 

 (slit-shaped) leaks are taken into account  according various models as shown in the tables below: 

 

model GOM 
 

UNI 

source 
[S1][S2] 

 

(*) 

 

 

To be continued 

 

Step [S’] 
 

This steps aims at calculating the sound reduction index of sound leaks for 1 leaf i.e. when is considered: not sets 0 to imax 

(as it is considered for step [S] ) but 1 plate alone such as those of set 0, regardless of the selected quantity of such plates for set 0, 

regardless of the selected quantities of other elements, and with atmosphere at the front and at the rear regardless of the 

corresponding input data 

 

o Bibliography (references) : 

 

see corresponding § of step [S]  

 

o Comments : 

 

see corresponding § of step [S]  To be continued 

 

Step [T] 
 

This steps aims at calculating the sound reduction index for coupling 0 % with sound leaks 
 

o Bibliography (references) : 

 

[T1] Jouhaneau J. Acoustique des salles et sonorisation (Technique et documentation, 1997) 

 

*the transmission factor is considered equal to unity 
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o Comments : 

 

        The sound reduction index derived by the means of the present step is referenced R stat. 

 

o Remarks in relation with the angular integration: 

 

in case of use of the model INT: see corresponding § of step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § of step [P]  

 

To be continued 

 

Step [T’] 
 

This steps aims at calculating the sound reduction index with sound leaks for 1 leaf i.e. when is considered: not sets 0 to 

imax (as it is considered for step [T] ) but 1 plate alone such as those of set 0, regardless of the selected quantity of such plates 

for set 0, regardless of the selected quantities of other elements, and with atmosphere at the front and at the rear regardless of 

the corresponding input data 

 

o Bibliography (references) : 

 

see corresponding § of step [T]  

 

o Comments : 

 

see corresponding § of step [T]  

 

To be continued 

 

Step [U] 
 

This steps aims at calculating the insertion loss for coupling 0 % with sound leaks 

 
o Comments : 

 

The insertion loss derived by the means of the present step is referred to as IL stat. 

 IL stat is not the insertion loss of the (total) acoustic structure. IL stat = R stat – R’ stat where R’stat is the sound 

reduction index of 1 plate alone such as those of set 0, regardless of the selected quantity of such plates for set 0, 

regardless of the selected quantities of other elements, and with atmosphere at the front and at the rear regardless of the 

selected input data 

 

To be continued 

 

Step [V] 
 

This steps aims at calculating the sound reduction index for coupling 100 % with sound leaks 

 

o Bibliography (references) : 

 

See corresponding § of step [T] 

 

o Comments : 

 

        The sound reduction index derived by the means of the present step is referred to as R stat. 
 

o Remarks in relation with the angular integration: 

 

in case of use of the model INT: see corresponding § of step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § of step [P]  

 

To be continued 

 

Step [W] 
 

This steps aims at calculating the sound reduction index with connections with sound leaks (2 leaves) 
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o Bibliography (references) : 

 

See corresponding § of step [T] 

 

o Comments : 

 

        The sound reduction index derived by the means of the present step is referred to as R stat. 

 

o Remarks in relation with the angular integration: 

 

in case of use of the model INT: see corresponding § at step [P]  

 

o Remarks in relation with the displayed results: 

 

see corresponding § at step [P] To be continued 

 

2.3: How to use SILDIS 

 
Operating conditions / security level / safety 

 

See corresponding § in the chapter General considerations  
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for witch input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

 

 

 

 

 

Worksheets 

 
Regarding the COomputation of Plane Partitions, the software SILDIS is configurated in order to allow the user to access to 4 

worksheets being linked as shown in fig.2.11 (the overview of the worksheets being shown in table below).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note concerning the worksheet [in COALA]: a rear atmosphere or an impervious rigid back are displayed, to be selected by the user 

depending on the conditions of the application for which the simulation is performed 

 

Worksheet Suitable for  mountings Input data Results 

[in-out COPERF] perforated plates for base plate 
some of the parameters of the 

equivalent plate 

[in-out CODAP] damped plates for layers of the composite 
some of the parameters of the 

equivalent plate 

[in-out COORT] orthotropic plates 
for the base plate and the 

geometry 

some of the parameters of the 

equivalent plate 

[in COALA] all 
for elements of sets, for 

reference spectrum 
-- 

[in-out COPPA] 

all (i.e. for the total acoustic 

structure as selected, with an 

impervious rigid back or with 

for limits of integration, for 

dimensions 

sound absorption and sound 

transmission indicators 

Worksheet Cells 

[in COALA] E13, J37, W39 

[in-out CODAP] W23 

[in-out COPPA] X53, X54 

*  

Fig. 2.11 

something like that 
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an atmospheric back as 

selected) 

[in-out COPPA0] 
with 0 leaf (without leaf), with 

an impervious rigid back  

no input data (for the time 

being) 

sound absorption and sound 

transmission indicators 

[in-out COPPA1] 
with 1leaf, with an atmospheric 

back *) 

for specific complementary 

models 
sound transmission indicators 

[in-out COPPA2] 
with 2 leaves, with an 

atmospheric back  

for specific complementary 

models, for connections 
sound transmission indicators 

* regardless of corresponding input data 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data : see corresponding § in Section 1 
 

As far as thin plates are concerned, specific data bases (libraries) (will) allow the design to be made with in-built 

engineering data (constants) referred to as “Usual” in the worksheets of the software. Warning: some properties of the 

presently referenced materials still not have been checked by reliable sources. See also report [PhRxx-015x] Collection of 

soundproofing constructions systems: a companion to “User’s manual for the software SILDIS”  
 

 data base (library) for thin plates (available in worksheet in COALA) 
 

 contents of the library: 21 possible references of material layers 

 among those references: 2-PLY and 3-PLY (reported from worksheet CODAP) and ORTHO (reported from 

worksheet COORT) 
 

 data base (library) for layers constituting the damped plates (available in worksheet in CODAP) 
 

 contents of the library: 21 possible references of material layers 

 

 data base (library) for the base plate used for defining orthotropic plates (available in worksheet in COORT) 
 

 contents of the library: 21 possible references of material layers 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COPERF] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Date B3 
Modification of the 

displayed date possible 
 

Project D3 
Input a name for the 

considered project 
 

Configuration L3 
Input a name for the 

considered configuration 
 

Comments T3 Input a comment  

Reference U16 

Select a reference of 

material (in the proposed 

list) for each layer of 

interest 

 

Open area ratio U22 
Input a real positive 

number 
 

 
o Comments : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Temperature D5 -- Value reported from worksheet [in COALA] cell D6 

Pressure D6 -- Value reported from worksheet [in COALA] cell D7 
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o Main displays of the results for the perforated plate (table of results): 

 

Tables of results for the reference PERFO:  

 
 Young’s modulus of the composite: see cell U28 

 density of the composite: see cell U29 

 Poisson’s ratio of the composite: see cell U30 

 loss factor of the composite: see cell U31 

 

Worksheet [in-out CODAP] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Date B3 
Modification of the 

displayed date possible 
 

Project D3 
Input a name for the 

considered project 
 

Configuration L3 
Input a name for the 

considered configuration 
 

Comments T3 Input a comment  

Reference 

V17 to 

W17; U48 

to W48 

Select a reference of 

material (in the proposed 

list) for each layer of 

interest 

 

Thickness 

V23 to 

W23; U54 

to W54 

Input a real positive 

number 
 

Model of composite (E) 

 
L29 

Select a model (in the 

proposed list) 
 

Model of composite (ν) 

 
L31 

Select a model (in the 

proposed list) 
 

Model of composite (η) 

 
L32 

Select a model (in the 

proposed list) 
 

Model of composite L41 
Select a model (in the 

proposed list) 
 

 

 

o Comments : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Temperature D5 -- Value reported from worksheet [in COALA] cell D6 

Pressure D6 -- Value reported from worksheet [in COALA] cell D7 

 

o Main displays of the results for the composite (table of results): 

 

Tables of results for the reference 2-PLY:  
 
 Young’s modulus of the composite: see cell V29 

 density of the composite: see cell V30 

 Poisson’s ratio of the composite: see cell V31 

 loss factor of the composite: see cell V32 

 thickness (overall) of the composite: see cell V34 

 

Tables of results for the reference 3-PLY:  

 
 Young’s modulus of the composite: see cell V39 (*) 

 density of the composite: see cell V40 

 Poisson’s ratio of the composite: see cell V41 

 loss factor of the composite: see cell V42 (*) 

 thickness (overall) of the composite: see cell V44 
 

*limit at low frequency is displayed for the composite reference 3-PLY  
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Worksheet [in-out COORT] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Date B3 
Modification of the 

displayed date possible 
 

Project D3 
Input a name for the 

considered project 
 

Configuration M3 
Input a name for the 

considered configuration 
 

Comments U3 Input a comment  

To get fc* (Hz) M8 
Input a real positive 

number no compulsory input data 

 

If a particular value of 

fc* is wished 

To get fc*.h = P8 
Input a real positive 

number 

If a particular value of 

fc*.h is wished 

Reference of base plate L9 

Select a reference of layer 

(in the proposed list) for 

each layer of interest 

 

Thickness J15 
Input a real positive 

number 

The thickness of the plate used before profiling is 

considered (not the overall thickness after profiling) 

Model of orthotropic plate J17 
Select a model (in the 

proposed list) 
 

hw J23 
Input a real positive 

number 
 

l J24 
Input a real positive 

number 
 

r J25 
Input a real positive 

number 
for model RIB only 

T J26 
Input a real positive 

number 

for model CLA only 

 

Surface density L28 
Input a real positive 

number 
for model MOI only 

Overall thickness L29 
Input a real positive 

number 

To get fcz* (Hz) M30 
Input a real positive 

number 

for model MOI only (no 

compulsory input data) 

 

If a particular value of 

fc* is wished 

To get M’’’.fcz* (kg.Hz) = N30 
Input a real positive 

number 

If a particular value of 

M’’’.fcz* is wished 

To get M’’’.2π.fcz*/Z0* = O30 
Input a real positive 

number 

If a particular value of 

M’’’.2.πi.fcz*/Z0* is 

wished 

To get fcz*.d’’’ = P30 
Input a real positive 

number 

If a particular value of 

fcz*.d’’’ is wished 

To get Zm=M’’’.fcz*/Z0 = Q30 
Input a real positive 

number 

If a particular value of 

Zm=M’’’.fcz*/Z0 is 

wished 

Bending stiffness (per unit 

width) in the x-direction 

(maximum) D’x = D’zz = 

D11 

L31 
Input a real positive 

number 

for model MOI only 

 

Bending stiffness (per unit 

width) in the z-direction 

(minimum) D’z = D’xx = 

D22 

L32 
Input a real positive 

number 

If a particular value of 

fcz* (resp. M’’’.fcz*, 

M’’’.2.π.fcz*/Z0, 

fcz*.d’’’, 

Zm=M’’’.fcz*/Z0 is 

wished input the value 

given in M32 (resp. N32, 

O32, P32, Q32) 

Torsional rigidity (per unit 

width) D12 +2D66 
L35 

Input a real positive 

number 
for model MOI only 

Model of bending stiffness: 

maximum 
J50 

Select a model (in the 

proposed list) 
for model CLA only 

Model of bending stiffness: 

minimum 
J51 

Select a model (in the 

proposed list) 
for model CLA only 
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o Comments : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Temperature D5 -- Value reported from worksheet [in COALA] cell D6 

Pressure D6 -- Value reported from worksheet [in COALA] cell D7 

 

o Main displays of the results for the equivalent plate (not for the model MOI): 

 

 surface density of the equivalent plate: see cell J28 

 overall thickness of the equivalent plate: see cell J29 

 bending stiffness (per unit width) in the x-direction (maximum): see cell J31 

 bending stiffness (per unit width) in the z-direction (minimum): see cell J32 

 torsional rigidity (per unit width): see cell J35 

 

Worksheet [in COALA]  

 
See corresponding § in Section 1 
 

Worksheet [in-out COPPA] 
 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Limitation of radiation ? 

(0/1) 
E8 

For NO input 0, for YES 

input 1 
 

Large power used for the 

calculation 
E9 Input a positive real  

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the x-direction 

X49 Input a positive real  

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the z-direction 

X50 Input a positive real  

Size of the partition along 

the x-direction 
X53 Input a positive real  

Size of the partition along 

the z-direction 
X54 Input a positive real  

Model for the calculation of 

f11 
X56 

Select a model (in the 

proposed list) 
 

Fi min (°) I71 
Select a value (in the 

proposed list) 
 

Fi max (°) K71 
Select a value (in the 

proposed list) 
 

Teta min (°) P71 
Select a value (in the 

proposed list) 
 

Teta max (°) R71 
Select a value (in the 

proposed list) 
 

Model for teta L U71 
Select a model (in the 

proposed list) 
 

alpha sab max AF94 Input a positive real  

length of slit (m) E97 Input a positive real  

width of slit (m) H97 Input a positive real  

model  K97 
Select a model (in the 

proposed list) 
 

 

o Main displays of the results : 

 

Tables of results:  

 
 lowest critical frequency of the thin plates: see line 41 (columns T to Y)(not displayed for the reference 3-PLY 

because depending on frequency) 

 

 highest critical frequency of the thin plates: see line 42 (columns T to Y)(not displayed for the reference 3-PLY 

because depending on frequency) 
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Tables of results and graphs for the partition  
 

 absorption coefficient for normal incidence: see lines 73 to 91 (columns A to L) 

 

Tables of results and graphs for the partition, with an integration within selected limits for orientation & incidence 

 

 absorption coefficient for a statistic incidence: see lines 73to 94 (columns M to Z) 

 

 Sabine’s factor: see lines 73 to 94 (columns AA to AN)  

 

Tables of results and graphs for the partition (except for insertion loss: see below), with an integration within 

selected limits for orientation & incidence, with  sound leaks 

 

 sound reduction index (coupling 0 %): see lines 99 to 121 (columns A to L)  

 

 insertion loss (coupling 0 %): see lines 99 to 118 (columns M to Z) 

 

Nota: the considered insertion loss is not the insertion loss of the partition i.e. the (total) acoustic structure. The 

insertion loss IL stat is defined as IL stat = R stat – R’ stat with R’ stat: sound reduction index of 1 plate such as 

those of set 0 whatever the quantity of such plates selected for set 0 is (angular integration & sound leaks included) 

 

 acoustic power without (resp. with) the partition (coupling 0 %): see lines 99 to 117 (columns AA to AJ)  

 

Worksheet [in-out COPPA0] 

 
o Input data : no input data required 

 

o Main displays of the results : 

 

Tables of results and graphs for sets 1 to imax, without thin plate(s), with an impervious rigid back 

 

 surface impedance at normal incidence: see lines 47 to 65 (columns A to L for real part, columns M to X for 

imaginary part) 

 

 normalized surface impedance at normal incidence: see lines 67 to 85 (columns A to L for real part, columns M 

to X for imaginary part) 

 

 absorption coefficient for normal incidence: see lines 87 to 105 (columns A to L) 

 

Worksheet [in-out COPPA1] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

boundary conditions E77 
Select a model (in the 

proposed list) 
 

model of radiation ratio (of 

free bending waves) 
K77 

Select a model (in the 

proposed list) 
 

Simplified transmission 

factor for normal incidence 

(0/1) 

G81 
For NO input 0, for YES 

input 1 
 

General model (for R) K81 
Select a model (in the 

proposed list) 
 

model of forced 

transmission 
E85 

Select a model (in the 

proposed list) 
 

model of resonant 

transmission 
E90, K90 

Select a model (in the 

proposed list) 
 

model of transmission E95, K95 
Select a model (in the 

proposed list) 
 

frequency range where f ≈ 

fc 
E99, K99 

Select a number of 1/3 

octave bands 
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o Comments : 

 

Item Cell  Foreseen action Comment 

STOP 3-PLY L81, L82 -- 
In case of such an alert, the accuracy of the program 

with all the models has not been checked 

not exact for f < fc C86, D86 -- 

In case of such an alert, the user has to be prepared to 

get approximate results below the frequency displayed 

due to imperfections of the chosen model 

STOP: valid model NI1 B87 -- 
In case of such an alert, the model has to be changed 

for the same model as in cell E90 

STOP: valid model NI2 D87 -- 
In case of such an alert, the model has to be changed 

for the same model as in cell E90 

STOP: radiation ratio not 

valid 
D91 -- 

In case of such an alert, the input data of cell K77 has 

to be changed 

STOP: radiation ratio not 

valid 
J91 -- 

In case of such an alert, the input data of cell K77 has 

to be changed 

STOP: valid model NI1 B92 -- 
In case of such an alert, the model has to be changed 

for the same model as in cell E85 

STOP: valid model NI2 D92 -- 
In case of such an alert, the model has to be changed 

for the same model as in cell E85 

STOP: radiation ratio not 

valid 
J96 -- 

In case of such an alert, the input data of cell K77 has 

to be changed 

 
o Main displays of the results : 

 

Tables of results and graphs for 1 plate such as those of set 0 alone (whatever the quantity of such plates selected 

for set 0 is):  
 

 radiation ratio (of free bending waves): see lines 75 to 99 (columns M to Z)  

 

 sound reduction index: see lines 75 to 103 (columns AA to AN)  

 

Worksheet [in-out COPPA2] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

general model (for Rdif) K76 
Select a model (in the 

proposed list) 
 

sub-model (for general model 

DAV) 
K80 

Select a model (in the 

proposed list) 
 

model for connections (for 

general models 

SHA1,SHA2,SHA3) 

K82 
Select a model (in the 

proposed list) 
 

distance between line-type 

connections (m) 
K85 Input a positive real  

vibration transmission factor 

(not for general models 

FAH,DAV,SHA1,SHA2,SHA3) 

K86 Input a positive real  

compliance of connections  for 

the general model DAV, for the 

compliance model BYO (in 

mN-1) 

K87 Input a positive real  

model of compliance (for 

general model DAV) 
K89 

Select a model (in the 

proposed list) 
 

number of connections per m2 

(m-2) 
K92 Input a positive real  

vibration transmission factor 

(not for general models 

FAH,DAV,SHA1,SHA2,SHA3) 

K93 Input a positive real  

compliance of connections  for 

the general model DAV, for the 

compliance model BYO (in 

mN-1) 

K94 Input a positive real  

 
 Comments : 

 

no comment 
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o Main displays of the results : 

 

Tables of results and graphs of a double-leaf partition with connections between thin plates of sets 0 and 2 (for 

imax= 2):  
 

 sound reduction index: see lines 74 to 98 (columns AA to AN)  

 
2.4: Examples of computation with SILDIS 
 

Example 2.4.0 porous medium with series cloth 

 

Envisaged application 

 
It is wished to compute the absorption coefficient of the lining considered in the corresponding § in Section 1 (with an impervious 

rigid back) for a normal incidence. 
 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA] for example 2.4.0 only See corresponding § in Section 1 

 

Worksheet [in-out COPERF] for example 2.4.0 No input data required for the example of computation 

 

Worksheet [in-out CODAP] for example 2.4.0 and for example 2.4.1 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark  

/ comment 

Thickness W23 
Input a real positive 

number 
0.001 (*) - 

 

*see § 2. 3: How to use SILDIS Operating conditions / security level / safety 

 

Worksheet [in-out COORT] for example 2.4.0 No input data required for the example of computation 

 

Worksheet [in-out COPPA] for example 2.4.0 No input data required for the example of computation 

 

Worksheet [in-out COPPA0] for example 2.4.0 No input data required for the example of computation 
 

Worksheet [in-out COPPA1] for example 2.4.0 No input data required for the example of computation 

 

Worksheet [in-out COPPA2] for example 2.4.0 No input data required for the example of computation 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in COALA] for example 2.4.0 only See corresponding § in Section 1 

 

Screenshot of worksheet [in-out COPPA0] for example 2.4.0 
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Example 2.4.1a single isotropic plate (general method) 

 

Envisaged application 
 

It is foreseen to use the following conditions: temperature 20 °C [15], pressure 101325 Pa [16].  

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

 

It is wished to compute the sound reduction index (with an atmospheric back) [24] of 1 [25] aluminium plate [26] of thickness 2mm 

[27], the (intrinsic) losses of the material being considered [28] with a infinite extend [29] and by an integration of the transmission 

factor between 0 and 90° [30]. No sound leak is considered [31]. 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA] for example 2.4.1a  

 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input 

See placemark / 

comment 

Temperature D6 Input a real number 20 [15] 

Pressure D7 
Input a real positive 

number 
101325 [16] 

Rear atmosphere ? (0/1) O8 
For NO input 0, for YES 

input 1 
1 [24] 

Maximum set index imax E13 
Input an integer from 1 to 

4 
1 [25] 

Reference J18 to K18 

Select a reference  

(material in the proposed 

list) for each layer of 

interest 

AIR - 

Incorporation of the series 

perforated protections (0/1) 
J57 

For NO press 0, for YES 

press 1 
0 - 

Incorporation of the series 

cloths (0/1) 
W23 

For NO input 0, for YES 

input 1 
0 - 

Reference W31 
Select a reference (in the 

proposed list) 
ALU [26] 

Model of losses W36 
Select a model (in the 

proposed list) 
INT [28] 

Model of effective critical 

frequency 
W37 

Select a model (in the 

proposed list) 
  

Number of identical plates W38 
Input a real positive 

number 
1 [25] 

Thickness W39 
Input a real positive 

number 
0.002 [27] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

R62 
For NO input 0, for YES 

input 1 
1 [20] 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [20] 

 

Worksheet [in-out COPERF] for example 2.4.1a No input data required for the example of computation 

 

Worksheet [in-out CODAP] for example 2.4.1a See corresponding § for example 2.4.0 

 

Worksheet [in-out COORT] for example 2.4.1a No input data required for the example of computation 
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Worksheet [in-out COPPA] for example 2.4.1a 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark 

/ comment 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the x-direction 

X49 Input a positive real 4.5 (*) 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the z-direction 

X50 Input a positive real 3.5 (*) 

Size of the partition along 

the x-direction 
X53 Input a positive real 1 (*) 

Size of the partition along 

the z-direction 
X54 Input a positive real 1 (*) 

Fi min (°) I71 
Select a value (in the 

proposed list) 
5.625 - 

Fi max (°) K71 
Select a value (in the 

proposed list) 
84.375 - 

Teta min (°) P71 
Select a value (in the 

proposed list) 
0 [30] 

Teta max (°) R71 
Select a value (in the 

proposed list) 
89.375 [30] 

Model for teta L U71 
Select a model (in the 

proposed list) 
90° [29] 

length of slit (m) E97 Input a positive real 1E-50 [31] 

width of slit (m) H97 Input a positive real 1E-50 [31] 

model  K97 
Select a model (in the 

proposed list) 
- [31] 

 

*see § 2. 3: How to use SILDIS Operating conditions / security level / safety 

 

Worksheet [in-out COPPA0] for example 2.4.1a No input data required for the example of computation 

 
Worksheet [in-out COPPA1] for example 2.4.1a No input data required for the example of computation 

 

Worksheet [in-out COPPA2] for example 2.4.1a No input data required for the example of computation 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in COALA] for example 2.4.1a only 
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Screenshot of worksheet [in-out COPPA] for example 2.4.1a only 
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Example 2.4.1b single isotropic plate (alternative method) 

 

Envisaged application 

 
It is foreseen to use the following conditions: temperature 20 °C [15], pressure 101325 Pa [16].  

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

 
It is wished to compute the sound reduction index (with an atmospheric back) [24] of 1 [25] aluminium plate [26] of thickness 2mm 

[27], the (intrinsic) losses of the material being considered [28] with a infinite extend [29] and by an integration of the transmission 

factor between 0 and 90° [30]. No sound leak is considered [31]. 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA] for example 2.4.1b 

 

Item 
Cell for 
input 

Foreseen action (see 
§1.3) 

Input 
See placemark / 

comment 

Temperature D6 Input a real number 20 [15] 

Pressure D7 
Input a real positive 

number 
101325 [16] 

Reference W31 
Select a reference (in the 

proposed list) 
ALU [26] 

(1/2) Y31 
Select a number (in the 

proposed list) 
select 1 - 

Model of losses W36 
Select a model (in the 

proposed list) 
INT [28] 

Model of effective critical 

frequency 
W37 

Select a model (in the 

proposed list) 
  

Number of identical plates X38 
Input a real positive 

number 
1 [25] 

Thickness W39 
Input a real positive 

number 
0.002 [27] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

R62 
For NO input 0, for YES 

input 1 
1 [20] 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [20] 

 

Worksheet [in-out COPERF] for example 2.4.1b No input data required for the example of computation 

 

Worksheet [in-out CODAP] for example 2.4.1b See corresponding § for example 2.4.0 

 
Worksheet [in-out COORT] for example 2.4.1b No input data required for the example of computation 
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Worksheet [in-out COPPA] for example 2.4.1b  

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the x-direction 

X49 Input a positive real 4.5 (*) 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the z-direction 

X50 Input a positive real 3.5 (*) 

Size of the partition along 

the x-direction 
X53 Input a positive real 1 (*) 

Size of the partition along 

the z-direction 
X54 Input a positive real 1 (*) 

Model for the calculation of 

f11 
X56 

Select a model (in the 

proposed list) 
- - 

Fi min (°) I71 
Select a value (in the 

proposed list) 
5.625 - 

Fi max (°) K71 
Select a value (in the 

proposed list) 
84.375 - 

Teta min (°) P71 
Select a value (in the 

proposed list) 
0 [30] 

Teta max (°) R71 
Select a value (in the 

proposed list) 
89.375 [30] 

Model for teta L U71 
Select a model (in the 

proposed list) 
90° [29] 

length of slit (m) E97 Input a positive real 1E-50 [31] 

width of slit (m) H97 Input a positive real 1E-50 [31] 

model  K97 
Select a model (in the 

proposed list) 
- [31] 

 

Worksheet [in-out COPPA0] for example 2.4.1b No input data required for the example of computation 

 

Worksheet [in-out COPPA1] for example 2.4.1b No input data required for the example of computation 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

Simplified transmission 

factor for normal incidence 

(0/1) 

G81 
For NO input 0, for YES 

input 1 
0 - 

General model (for R) K81 
Select a model (in the 

proposed list) 
MOI [30] 

model of forced 

transmission 
E85 

Select a model (in the 

proposed list) 
INT [30] 

model of resonant 

transmission 
E90, K90 

Select a model (in the 

proposed list) 
ZER, INT [30] 

model of transmission E95, K95 
Select a model (in the 

proposed list) 
NAT, NAT [30] 

frequency range where f ≈ 

fc 
E99, K99 

Select a number of 1/3 

octave bands 
-, - - 

 

Worksheet [in-out COPPA2] for example 2.4.1b No input data required for the example of computation 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in COALA] for example 2.4.1b only 
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Screenshot of worksheet [in-out COPPA1] for example 2.4.1b only 

 
 
 

Example 2.4.2 double leaf partition with connections 

 

Envisaged application 

 
It is foreseen to use the following conditions: temperature 20 °C [15], pressure 101325 Pa [16].  

The reference spectrum is supposed of the type “pink noise” [19] with a sound power level of 130 dB/oct [20] 

 

It is wished to compute the sound reduction index (with an atmospheric back) [24] of a double-leaf partition consisting of: 

 

-1 [25] aluminium plate [26] of thickness 2mm [27], the (intrinsic) losses of the material being considered [28]  

-1 [32] steel plate [33] of thickness 2mm [34], the (intrinsic) losses of the material being considered [35]  

 

with a infinite extend [29] and by an integration of the transmission factor between 0 and 90° [30]. No sound leak is considered [31].  

 

The interspace is assumed to be filled with the porous medium reference DEMO [36], with a thickness of 100mm [37] 

The general model SHA3 is considered [38] for Line-Line connections [39] having a distance of 600mm [40] 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in COALA] for example 2.4.2  

 

Item 
Cell for 

input 

Foreseen action (see 

§1.3) 
Input 

See placemark / 

comment 

Temperature D6 Input a real number 20 [15] 

Pressure D7 
Input a real positive 

number 
101325 [16] 

Rear atmosphere ? (0/1) O8 
For NO input 0, for YES 

input 1 
1 [24] 

Maximum set index imax E13 
Input an integer from 1 to 

4 
2 - 

Reference J18 to K18 

Select a reference  

(material in the proposed 

list) for each layer of 

interest 

DEMO [36] 

Thickness I37,J37 
Input a real positive 

number 
0.05,0.05 [37] 

Incorporation of the series 

perforated protections (0/1) 
I57,J57 

For NO press 0, for YES 

press 1 
0 - 

Incorporation of the series 

cloths (0/1) 
V23,W23 

For NO input 0, for YES 

input 1 
0 - 

Reference V31,W31 
Select a reference (in the 

proposed list) 
STEEL,ALU [33],[26] 

(1/2) Y31 
Select a number (in the 

proposed list) 
select 1 - 

Model of losses V36,W36 
Select a model (in the 

proposed list) 
INT,INT [35],[28] 

Model of effective critical 

frequency 
V37,W37 

Select a model (in the 

proposed list) 
  

Number of identical plates V38,X38 
Input a real positive 

number 
1,1 [32],[25] 

Thickness V39,W39 
Input a real positive 

number 
0.002,0.002 [34], [27] 

Lw0 only known per 1/1 

octave frequency band 

(0/1) 

R62 
For NO input 0, for YES 

input 1 
1 [20] 

Lw0 
B65 to 

K65 

Input a real positive 

number as requested for a 

1/1 octave band sound 

power level 

130 [20] 

 

Worksheet [in-out COPERF] for example 2.4.2 No input data required for the example of computation 

 

Worksheet [in-out CODAP] for example 2.4.2 See corresponding § for example 2.4.0 

 

Worksheet [in-out COORT] for example 2.4.2 No input data required for the example of computation 
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Worksheet [in-out COPPA] for example 2.4.2 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the x-direction 

X49 Input a positive real 4.5 (*) 

Size of the baffle in which 

the partition is 

symmetrically mounted 

along the z-direction 

X50 Input a positive real 3.5 (*) 

Size of the partition along 

the x-direction 
X53 Input a positive real 1 (*) 

Size of the partition along 

the z-direction 
X54 Input a positive real 1 (*) 

Model for the calculation of 

f11 
X56 

Select a model (in the 

proposed list) 
- - 

Fi min (°) I71 
Select a value (in the 

proposed list) 
5.625 - 

Fi max (°) K71 
Select a value (in the 

proposed list) 
84.375 - 

Teta min (°) P71 
Select a value (in the 

proposed list) 
0 [30] 

Teta max (°) R71 
Select a value (in the 

proposed list) 
89.375 [30] 

Model for teta L U71 
Select a model (in the 

proposed list) 
90° [29] 

length of slit (m) E97 Input a positive real 1E-50 [31] 

width of slit (m) H97 Input a positive real 1E-50 [31] 

model  K97 
Select a model (in the 

proposed list) 
- [31] 

 

Worksheet [in-out COPPA0] for example 2.4.2 No input data required for the example of computation 

 
Worksheet [in-out COPPA1] for example 2.4.2 No input data required for the example of computation 

 

Worksheet [in-out COPPA2] for example 2.4.2  

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

general model (for Rdif) K76 
Select a model (in the 

proposed list) 
SHA3 [38] 

sub-model (for general model 

DAV) 
K80 

Select a model (in the 

proposed list) 
-  

model for connections (for 

general models 

SHA1,SHA2,SHA3) 

K82 
Select a model (in the 

proposed list) 
L-L [39] 

distance between line-type 

connections (m) 
K85 Input a positive real 0.6 [40] 

vibration transmission factor 

(not for general models 

FAH,DAV,SHA1,SHA2,SHA3) 

K86 Input a positive real - - 

compliance of connections  for 

the general model DAV, for the 

compliance model BYO (in 

mN-1) 

K87 Input a positive real - - 

model of compliance (for 

general model DAV) 
K89 

Select a model (in the 

proposed list) 
- - 

number of connections per m2 

(m-2) 
K92 Input a positive real - - 

vibration transmission factor 

(not for general models 

FAH,DAV,SHA1,SHA2,SHA3) 

K93 Input a positive real - - 

compliance of connections  for 

the general model DAV, for the 

compliance model BYO (in 

mN-1) 

K94 Input a positive real - - 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in COALA] for example 2.4.2  
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Screenshot of worksheet [in-out COPPA2] for example 2.4.2 

 
 

Example 2.4.3 perforated plate 

 

Envisaged application 

 
It is foreseen to compute the engineering constants for a perforated plate consisting of a steel plate [41] with an open area ratio of 

32.65 % [42]. 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out COPERF] for example 2.4.3 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

Reference U16 

Select a reference of 

material (in the proposed 

list) for each layer of 

interest 

STEEL [41] 

Open area ratio U22 
Input a real positive 

number 
0.03265 [42] 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in-out COPERF] for example 2.4.3 

 
 

Example 2.4.4 plate with an extensional damping 

 

Envisaged application 

 
It is foreseen to compute the engineering constants for a damped plate consisting of: 

 

-1 aluminum plate [43] of thickness 2mm [44]  

-1 viscoelastic plate (reference VISCO in the database) [45] of thickness 2mm [46]  

 

The model of composite MOI is considered [47] for Young’s modulus & for loss coefficient, whereas model BASE is considered for 

Poissons’s coefficient [47bis] 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out CODAP] for example 2.4.4 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

Reference 
V17 to 

W17 

Select a reference of 

material (in the proposed 

list) for each layer of 

interest 

VISCO, ALU [43],[45] 

Thickness 
V23 to 

W23 

Input a real positive 

number 
0.002;0.002 [44],[46] 

Model of composite (E) 

 
L29 

Select a model (in the 

proposed list) 
MOI [47] 

Model of composite (ν) 

 
L31 

Select a model (in the 

proposed list) 
BASE [47bis] 

Model of composite (η) 

 
L32 

Select a model (in the 

proposed list) 
MOI [47] 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in-out CODAP] for example 2.4.4  

 
 

Example 2.4.5 plate with a constrained damping 

 
Envisaged application 

 
It is foreseen to compute the engineering constants for a damped plate consisting of: 

 

-1 GLASS plate [48] of thickness 4mm [49]  

-1 viscoelastic plate (reference PVB in the database) [50] of thickness 0.5mm [51]  

-1 GLASS plate [52] of thickness 4mm [53]  

 

The model of composite MAX is considered [54] 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out CODAP] for example 2.4.5 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

Reference 
U48 to 

W48 

Select a reference of 

material (in the proposed 

list) for each layer of 

interest 

GLASS, PVB, GLASS [48], [50], [52] 

Thickness 
U54 to 

W54 

Input a real positive 

number 
0.004,0.0005,0.004 [49], [51], [53] 

Model of composite L41 
Select a model (in the 

proposed list) 
MAX [54] 
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Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in-out CODAP] for example 2.4.5 

 
 

Example 2.4.6 orthotropic plate 

 

Envisaged application 

 
It is foreseen to compute the engineering constants for a cladding [55] consisting of an aluminium plate [56] of thickness 1mm [57] 

with an overall thickness 30 mm [58] with a periodic length l=300 mm [59], with lengths of the corrugation T=b=100mm [60].  

The model HAN [61] is considered. 

 

Input data  

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in-out COORT] for example 2.4.6 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

Reference of base plate L9 

Select a reference of layer 

(in the proposed list) for 

each layer of interest 

ALU [56] 

Thickness J15 
Input a real positive 

number 
0.001 [57] 

Model of orthotropic plate J17 
Select a model (in the 

proposed list) 
CLA [55] 

hw J23 
Input a real positive 

number 
0.03 [58] 

l J24 
Input a real positive 

number 
0.3 [59] 

T J26 
Input a real positive 

number 
0.1 [60] 

Model of bending stiffness: 

maximum 
J50 

Select a model (in the 

proposed list) 
for model CLA only [61] 

Model of bending stiffness: 

minimum 
J51 

Select a model (in the 

proposed list) 
for model CLA only [61] 

 

Screenshots of the worksheets (for the example of computation)  
 

Screenshot of worksheet [in-out COORT] for example 2.4.6 
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2.5: Illustrations of effects taken into account with SILDIS 
 

Introduction 

 
The prediction of acoustic performances of plane partitions with the software SILDIS is founded on a scientific and technical 

background as presented in § 2.2 of this user’s manual, combining various knowledges in relation with physics. Some (future 

possible) users may not be perfectly familiar with some aspects of this background: in order to be anyway in a position of making  

the best use of this calculation tool, attention has to be paid by such users to some particular effects taken into account for the 

predictions thanks to illustrations given in this section of the user’s manual. The intention is not to give a comprehensive list of the 

various effects of  each parameter that may (alone or coupled with others) influence the acoustic performance of a partition, what 

would be very difficult to do. The goal is (thanks to examples): highlighting major key-points (considered separately) of the design 

of partitions, given some known laws of the physics, some of the input data being chosen in order to be as demonstrative as possible, 

given the plausible field of typical engineering applications.  

 

All the numerical results below have been obtained using the software SILDIS with some post treatment for comparisons notably 

(some of those results can not be obtained by the user in the presented form for a sake of simplicity of the software). 

 

Effects of the properties of a porous medium in a non-laminated lining (illustration 2.5.1) 
 
Imput data: a lining is considered at (test) room pressure and temperature, (with an impervious rigid back), consisting of a single 

porous medium having (at room temperature) a flow resistivity in the direction normal to its surface σy1 variable from 8 to 72 

kNsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m. No series cloth is considered, no series perforated protection is 

considered. 

 
Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence depending on the flow 

resistivity of the porous medium (see key in the graph) 

 

 

 
 
Comment: the choice of the flow resistivity of the porous medium influences sometimes considerably the acoustic performance of 

the lining (at least: for some frequencies). In particular, the choice of a flow resistivity of the porous medium too big compared with 

the optimum required - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies possibly within 

the range of interest. This comment would also apply for the absorption coefficient for a statistic incidence.  

 

For a given porous medium, an increase of the density involves - generally speaking - an increase of the flow resistivity (everything 

else supposed to be equal): for example, attention has to be paid to the consequences of the use (in some locations…) of high 

density rock wools using bonded short fibers producing possibly linings with a high flow resistance in some cases (especially 
when nothing is known regarding the properties of those materials in terms of flow resistivity, porosity…). 
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8kNsm-4 0,01 0,02 0,03 0,04 0,07 0,10 0,15 0,23 0,34 0,46 0,60 0,74 0,85 0,93 0,98 0,99 0,98 0,96 0,96 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

12kNsm-4 0,02 0,02 0,04 0,06 0,09 0,13 0,20 0,29 0,39 0,52 0,65 0,77 0,86 0,92 0,95 0,96 0,95 0,94 0,96 0,98 0,99 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00

16kNsm-4 0,02 0,03 0,05 0,07 0,11 0,16 0,24 0,33 0,44 0,55 0,66 0,76 0,84 0,88 0,91 0,91 0,92 0,93 0,95 0,97 0,98 0,98 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00

24kNsm-4 0,03 0,04 0,07 0,10 0,15 0,21 0,29 0,38 0,48 0,56 0,64 0,70 0,75 0,79 0,82 0,84 0,87 0,90 0,93 0,95 0,96 0,97 0,98 0,98 0,99 0,99 0,99 1,00 1,00 1,00

48kNsm-4 0,05 0,08 0,11 0,16 0,21 0,27 0,33 0,39 0,43 0,47 0,51 0,54 0,57 0,61 0,65 0,71 0,76 0,81 0,84 0,88 0,91 0,93 0,95 0,96 0,97 0,98 0,98 0,99 0,99 0,99

72kNsm-4 0,07 0,10 0,14 0,18 0,22 0,27 0,30 0,34 0,37 0,39 0,42 0,45 0,49 0,53 0,58 0,62 0,67 0,72 0,77 0,82 0,85 0,89 0,91 0,93 0,95 0,96 0,97 0,98 0,98 0,99
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Effects of the properties of porous media in a laminated lining (illustration 2.5.2) 

 
Imput data: a lining is considered at (test) room pressure and temperature (with an impervious rigid back), consisting of:  

 

- a surface layer being a porous medium having (at room temperature) a flow resistivity in the direction normal to its surface 

σy1=72 kNsm-4, a porosity ø=0.95 (model M76), with a thickness ds=0.02m. No series cloth is considered, no series 

perforated protection is considered. 

- a core layer being a porous medium having (at room temperature) a flow resistivity in the direction normal to its surface 

σy1=12 kNsm-4, a porosity ø=0.95 (model M76), with a thickness dc=0.08m. No series cloth is considered, no series 

perforated protection is considered. 

 
Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence of the mix (laminated 

lining) and the comparison with a non-laminated lining made (with a thickness d=ds+dc=0.10m) either 100 % of the material of the 

surface layer or 100 % of the material of the core layer (see key in the graph) 

 

 

 
 
Comment: in case of a laminated lining, the choice of the flow resistivity of the porous media influences sometimes considerably the 

acoustic performance of the lining (at least: for some frequencies). In particular, the choice of a flow resistivity of the porous 

medium for the surface layer too big compared with the optimum required - as far as acoustics is concerned - can (even with a 

thickness small compared to the total thickness of the lining) lead to a degradation of the performance for frequencies possibly 

within the range of interest. This comment would also apply for the absorption coefficient for a statistic incidence. 

 

See also the last paragraph of illustration 2.5.1 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k
12kNsm-4 0,02 0,02 0,04 0,06 0,09 0,13 0,20 0,29 0,39 0,52 0,65 0,77 0,86 0,92 0,95 0,96 0,95 0,94 0,96 0,98 0,99 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00

72kNsm-4 0,07 0,10 0,14 0,18 0,22 0,27 0,30 0,34 0,37 0,39 0,42 0,45 0,49 0,53 0,58 0,62 0,67 0,72 0,77 0,82 0,85 0,89 0,91 0,93 0,95 0,96 0,97 0,98 0,98 0,99

mix 0,05 0,07 0,10 0,15 0,21 0,28 0,36 0,43 0,49 0,54 0,58 0,61 0,62 0,63 0,64 0,64 0,66 0,69 0,75 0,80 0,83 0,88 0,91 0,94 0,95 0,96 0,97 0,98 0,98 0,99
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Effects of temperature (illustration 2.5.3) 

 
Imput data: a lining is considered at (test) room pressure on the one hand at (test) room temperature and on the other hand at high 

temperature, (with an impervious rigid back), consisting of a single porous medium having (at room temperature) a flow resistivity 

in the direction normal to its surface σy1=12400 Nsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.05m. No series cloth 

is considered, no series perforated protection is considered. 

 

Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence depending on the 

temperature (see key in the graph) 

 

 

 
 
Comment: the temperature of the application influences sometimes considerably the acoustic performance of the lining (at least: for 

some frequencies). For a given material, an increase of the temperature involves - generally speaking - an increase of the flow 

resistivity (everything else supposed to be equal).In particular, the choice of a flow resistivity of the porous medium (at room 

temperature) too big compared with the optimum required (at the temperature of the application) - as far as acoustics is concerned - 

can lead to a degradation of the performance for frequencies possibly within the range of interest. This comment would also apply 

for the absorption coefficient for a statistic incidence. 

 

See also the last paragraph of illustration 2.5.1 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k

20 °C 0,00 0,00 0,01 0,01 0,01 0,02 0,04 0,06 0,09 0,14 0,21 0,31 0,43 0,56 0,70 0,82 0,92 0,98 1,00 0,99 0,96 0,96 0,98 1,00 0,99 1,00 1,00 1,00 1,00 1,00

300 °C 0,00 0,00 0,01 0,01 0,01 0,02 0,03 0,05 0,08 0,12 0,18 0,26 0,36 0,48 0,61 0,73 0,82 0,89 0,92 0,93 0,93 0,93 0,95 0,97 0,98 0,98 0,99 0,99 0,99 1,00

600 °C 0,00 0,00 0,01 0,01 0,01 0,02 0,03 0,05 0,08 0,12 0,18 0,25 0,34 0,43 0,53 0,61 0,68 0,74 0,79 0,82 0,84 0,87 0,90 0,92 0,95 0,96 0,97 0,98 0,98 0,99
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Effects of pressure (illustration 2.5.4) 

 
Imput data: a lining is considered at (test) room temperature and at a pressure from 100 to 400kPa (with an impervious rigid back), 

consisting of a single porous medium having (at room temperature) a flow resistivity in the direction normal to its surface 

σy1=48000 Nsm-4, a porosity ø=0.95 (model M76), with a thickness d=0.1m. No series cloth is considered, no series perforated 

protection is considered. 

 

Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence depending on the pressure 

(see key in the graph) 

 

 

 
 
Comment: the pressure of the application influences sometimes considerably the acoustic performance of the lining (at least: for 

some frequencies). Depending on the frequency range of interest, absorbers with a higher flow resistivity may be selected in case of 

pressure lines. But the choice of a flow resistivity of the porous medium too big compared with the optimum required (at the 

pressure of the application) - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies possibly 

within the range of interest. This comment would also apply for the absorption coefficient for a statistic incidence. 

 

See also the last paragraph of illustration 2.5.1 
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100kPa 0,05 0,08 0,11 0,16 0,21 0,27 0,33 0,39 0,43 0,47 0,50 0,54 0,57 0,61 0,65 0,70 0,76 0,80 0,84 0,88 0,90 0,93 0,94 0,96 0,97 0,98 0,98 0,99 0,99 0,99

200kPa 0,03 0,04 0,07 0,10 0,15 0,21 0,29 0,38 0,48 0,56 0,64 0,69 0,75 0,79 0,82 0,84 0,87 0,90 0,93 0,95 0,96 0,97 0,98 0,98 0,99 0,99 0,99 1,00 1,00 1,00

400kPa 0,01 0,02 0,04 0,06 0,09 0,13 0,19 0,28 0,39 0,52 0,65 0,77 0,86 0,92 0,95 0,95 0,95 0,94 0,96 0,98 0,98 0,99 0,99 0,99 1,00 1,00 1,00 1,00 1,00 1,00
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Effects of a series cloth (illustration 2.5.5) 

 
Imput data: a lining is considered at (test) room pressure and temperature, (with an impervious rigid back), consisting of a single 

porous medium homogeneous in directions parallel to and perpendicular to its surface, having a flow resistivity σy=22332Nsm-4, a 

porosity ø=0.95 (model M76) with a thickness d=0.05m. The cloth consists of an impervious membrane (surface density 125 g/m2)  

 
Illustration of the effect: see below the prediction of the absorption coefficient at normal incidence without and with the cloth 

 

 

 
 
Comment: the choice of a series cloth influences sometimes considerably the acoustic performance of the lining (at least: for some 

frequencies). In particular, the choice of a permeability of the cloth too small compared with the optimum required - as far as 

acoustics is concerned - can lead to a degradation of the performance for frequencies possibly within the range of interest (an 

increase of the performance being often obtained at low frequency due to the presence of a free vibrating foil).  

 

Attention has to be paid to the consequences of the use (in some locations…) of cloths producing possibly linings with a high 
flow resistance (especially when nothing is known regarding the properties of this materials in terms of flow resistivity, 

porosity…). 
 
Attention has to be paid also to dust deposits in a position (in some cases) of involving effects comparable to the effect of a series 

cloth. 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k

without 0,00 0,01 0,01 0,01 0,02 0,04 0,05 0,08 0,13 0,19 0,27 0,38 0,51 0,65 0,77 0,87 0,93 0,96 0,96 0,95 0,95 0,96 0,98 0,99 0,99 0,99 0,99 1,00 1,00 1,00

with 0,00 0,01 0,01 0,01 0,02 0,04 0,06 0,09 0,14 0,22 0,34 0,51 0,73 0,93 0,99 0,89 0,72 0,55 0,42 0,32 0,22 0,13 0,08 0,05 0,03 0,02 0,01 0,01 0,00 0,00



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        218/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Effects of a series perforated protection (illustration 2.5.6) 

 
Imput data: a lining is considered at (test) room pressure and temperature, (with an impervious rigid back),consisting of a single 

porous medium having a flow resistivity σy=72kNsm-4, a porosity ø=0.95 (model M76) with a thickness d=0.1m. The perforated 

protection consists of a sheet R3T5 (round holes with an hexagonal arrangement, diameter 3 mm, open area ratio ε=0.3265) of 

thickness 1 mm (general model MOI, model for the added impedances ROA) 

 
Illustration of the effect: see below the prediction of the absorption coefficient at normal incidence without and with the perforated 

protection 

 

 

 
 

Comment: the choice of a perforated protection influences sometimes considerably the acoustic performance of the lining (at least: 

for some frequencies). For a given geometry of holes and a given thickness, a decrease of the open area ratio involves - generally 

speaking - a decrease of the performance. In particular, the choice of a perforated protection with an open area ratio too small 

compared with the optimum required - as far as acoustics is concerned - can lead to a degradation of the performance for frequencies 

possibly within the range of interest (in high frequency the performance is degraded in the example above despite a quite high open 

area ratio). 

 

For a given perforated protection, the performance can decrease notably in case of a non-sufficiently pervious material at the rear: 

see also the last paragraph of illustration 2.5.1 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k

without 0,07 0,10 0,14 0,18 0,22 0,27 0,30 0,34 0,37 0,39 0,42 0,45 0,49 0,53 0,58 0,62 0,67 0,72 0,77 0,82 0,85 0,89 0,91 0,93 0,95 0,96 0,97 0,98 0,98 0,99

with 0,07 0,10 0,14 0,18 0,23 0,27 0,31 0,34 0,37 0,39 0,42 0,46 0,49 0,54 0,58 0,63 0,68 0,74 0,79 0,84 0,89 0,92 0,94 0,96 0,96 0,94 0,90 0,83 0,75 0,65
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Effects of membrane resonator (illustration 2.5.7) 

 
Imput data: a membrane resonator is considered at (test) room pressure and temperature, consisting of an aluminium plate of 

thickness 0.0006 m installed in front of an rigid impervious back (distance  d=0.1 m) accounted as a series cloth of infinite flow 

resistance. No porous medium (except air in the cavity) is considered, no series cloth (except the membrane) is considered, no series 

perforated protection is considered. 

 
Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence depending on a parallel 

resistance (normalized to the characteristic impedance of air r=Rp/Z0: see key in the graph) accounting for losses in relation with 

mounting conditions   

 

 

 

 
Comment: the use of a membrane absorber allows an absorption coefficient at normal incidence in a very narrow frequency band. 

The choice of a parallel resistance accounting for losses in relation with mounting conditions influences sometimes considerably the 

acoustic performance (at least: for some frequencies). The way the membrane is fixed on site onto the cavity (limit conditions, 

properties of the interface), influencing the effective losses, differs of  foreseenable cases (furthermore, the stiffness of the membrane 

itself is disregarded when accounted as a series cloth, what is not important only for sufficiently large plates). Due to those 

uncertainties, experimental determination of performances are required in the present status of the Art. 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k
r=0,05 0,00 0,00 0,00 0,00 0,00 0,01 0,02 0,09 0,14 0,04 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

r=0,20 0,00 0,00 0,00 0,01 0,02 0,03 0,08 0,29 0,44 0,13 0,05 0,02 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

r=1,00 0,01 0,01 0,02 0,04 0,07 0,14 0,32 0,73 0,90 0,45 0,20 0,10 0,05 0,03 0,02 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
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Effects of back (illustration 2.5.8) 

 
Imput data: a lining is considered at (test) room pressure and temperature, consisting of a single porous medium having (at room 

temperature) a flow resistivity in the direction normal to its surface σy1=12.5 kNsm-4, a porosity ø=0.95 (model M76), with a 

thickness d=0.1m. A series cloth with a superficial flow resistance Rs=30 Nsm-3 and a surface density ms=0.090 kg/m2 is 

considered. No series perforated protection is considered. 

 
Illustration of one of the effects: see below the prediction of the absorption coefficient at normal incidence depending on the backing 

of the porous medium (see key in the graph) 

 

 

 
 
Comment: the choice of the backing influences sometimes considerably the acoustic performance of the lining (at least: for some 

frequencies). This comment would also apply for the absorption coefficient for a statistic incidence. 

 

Attention has to be paid to the use of results obtained with an impervious rigid back (for example in an impedance tube or in 
a reverberant room) in case of on site atmospheric back. 
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f1/3oct (Hz) 25 31,5 40 50 63 80 100 125 160 200 250 315 400 500 630 800 1k 1,25k 1,6k 2k 2,5k 3,15k 4k 5k 6,3k 8k 10k 12,5k 16k 20k

impervious rigid back 0,02 0,03 0,04 0,06 0,10 0,15 0,22 0,31 0,42 0,54 0,67 0,78 0,87 0,92 0,94 0,94 0,94 0,94 0,96 0,98 0,98 0,98 0,99 0,99 0,99 0,99 0,99 1,00 1,00 1,00

atmospheric back 0,64 0,64 0,64 0,64 0,64 0,65 0,65 0,66 0,67 0,69 0,72 0,76 0,80 0,84 0,88 0,92 0,94 0,96 0,96 0,97 0,98 0,98 0,99 0,99 0,99 0,99 0,99 1,00 1,00 1,00
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Appendix to Section 2: list of symbols  
 

General 

 

Cf. corresponding § in Section 1 
 

Partition 
 

x: direction of highest bending stiffness 

ILstat: insertion loss for a statistic incidence  

lx : size of the partition along the x-direction (m) 

lz : size of the partition along the z-direction (m) 

Lx : length of the baffle in which the partition is symmetrically mounted along the x-direction (m)  

Lz : width of the baffle in which the partition is symmetrically mounted along the z-direction (m)  

Rdif: sound reduction index for a diffuse field 

Rstat: sound reduction index for statistic incidence 

 

α0: absorption coefficient for normal incidence 

αstat: absorption coefficient for statistic incidence 

αsab: Sabine’s factor 

ϕ: angle of orientation  

ϕmin: minimum angle of orientation for angular integration 

ϕmax: maximum angle of orientation for angular integration 

θ : angle of incidence 

θmin: minimum angle of incidence for angular integration 

θmax: maximum angle of incidence for angular integration 

τstat: transmission factor for statistic incidence 

 

Plates 
 

d’’’ : overall thickness (m) 

D’x: highest bending stiffness per unit width (Nm) 

D’z: lowest bending stiffness per unit width (Nm) 

E: Young’s modulus (N/m2) 

fc: critical frequency for an isotropic plate (Hz) Note: superscript * for (test) room conditions 

fceff: effective critical frequency for an isotropic plate (Hz) Note: superscript * for (test) room conditions 

fcx: lowest critical frequency (Hz) Note: superscript * for (test) room conditions 

fcz: upper critical frequency (Hz) Note: superscript * for (test) room conditions 

f11: frequence corresponding to the mode (1,1) of the plate (Hz) 

M’’’: mass density (kg/m2) 

w: lateral (transverse) displacement (m) 

 

η : loss factor 

ν : Poisson’s coefficient 

ρ : density (kg/m3) 

 

Note: subscript i for set i 

 

Perforated plates 
 

ε: open area ratio 

 

Miscellaneous 

 

See also corresponding § in General considerations and in Section 1 
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Section 3: computation of duct walls 
(MODULE 3 of the software) 

 
3.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition.  

 

Mountings and geometry 

 
The geometry used for the design of ducts with the program SILDIS is shown in figure 3.1 

                                                              

 

 

 

 

 
                 

 
               rectangular duct wall                                            circular duct wall 

                        
                                               
 

        cf. worksheet CORED                                          cf. worksheet COCID  

 

                                                 fig 3.1 

 

Key of the previous figures 

 

a: biggest (inner) dimension of the cross section of a rectangular duct 

b: smallest (inner) dimension of the cross section of a rectangular duct 

D: (inner) diameter of a rectangular duct 

 

3.2: Scientific and technical background 
 

The prediction of acoustic performances of ducts with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 
3.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 
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3.2.2 Acoustics:  

 

3.2.2.1 Acoustics: rectangular ducts 
 

3.2.2.1.a Acoustics: rectangular ducts, break out noise 
 

 Bloc diagram for rectangular duct walls break out noise 
 

The computation scheme of rectangular duct walls is according the bloc-diagram below (cf. fig. 3.3): 

 

 

 

 
 

 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRXX-015] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [A] to [AB] have been taken into account for 

the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity  

 

 Steps of the computation for rectangular duct walls break out noise 

 

Steps [A] to [V]  
 

See corresponding § in Section 2, as far as sound reduction index of plates is concerned (used for step [X]) 
 

Preliminary remarks common to step [X] and step [X’] 

 
o Comments : 

 
  the size of the cross section of the duct, the length of the duct, the flow rate are not related to the values selected in 

the worksheet [in-out COSIL] for B and H: corresponding input data are entered in worksheet [in-out CORED IN-

>OUT]) 

 

Step [X] 
 

This step aims at calculating the sound reduction index of a single-leaf (rectangular) duct made of 1 plate alone such 
as plates of set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected quantities of other 

elements, and with atmosphere at the front and at the rear regardless of the selected input data) 

 

o Bibliography (references) : 

 

[X1] 

- 

 

[X2]  

[X3]  

[X4]  

 

  

 

 

 

       fig. 3.3 
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o Comments : 

 

 when used, the cut off frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 

 
 the cross over frequency fcr is computed depending on the speed of sound c, the Mach number in the airways M, 

and the geometry of the duct, according to various models as shown in the table below: 

 

 

 

 

 

 

 for f < fcr, the model of transmission (of sound) is selected as shown in the table below: 

 

 

 

 

 

 

 for f > fcr, the model of transmission (of sound) is selected as shown in the table below: 

 

 

 

 

 

 

 the model of minimum for Rdif is selected as shown in the table below: 

 

 

 

 

 

 

 the model of maximum for Rdif is selected as shown in the table below: 

 

 

 

 

 

 

* the sound reduction index is derived as for the general case  

 

Step [X’] 
 

This step, being a complementary feature associated with step [X], aims at calculating the sound reduction index of a single-

leaf (rectangular) duct made of 1 steel plate alone with a thickness such as those of set 0, regardless of the other selected 

parameters of such plates for set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected 

quantities of other elements, and with atmosphere at the front and at the rear regardless of the selected input data) 

 

o Bibliography (references) : 

 

 

[X’1]  

[X’2]   

- 

 

 

o Comments : 

 

 the model of minimum for Rdif is selected as shown in the table below: 

 

 

model HAN MUN 

source [X1] [X2] 

model HAN NAS SMA 

source [X1] [X3] [X4] 

model HAN NAS SMA 

source [X1] [X3] [X4] 

model HAN NAS SMA 

source [X1] [X3] [X4] 

model HAN ZER 

source [X1] =0 

model HAN NAT 

source [X1] (*) 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        227/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

 

 

 

 

 

 

* the sound reduction index is derived as for the general case (cf. [X’1]) 

 

Step [Z] 
 

This step aims at calculating the insertion loss of set 1 when compared to set 0 with atmosphere at the front and at the rear 

regardless of the selected input data 

 

o Bibliography (references) : 

 

[Z1]   

 

o Comments : 

 

 the model of cover is selected as shown in the table below: 

 

 

 

 

 

 

Step [AA] 
 

This step aims at calculating the transmission loss with sound leaks with atmosphere at the front and at the rear regardless of 

the selected input data 

 

o Bibliography (references) : 

 

No particular bibliography has been considered 

 

o Comments : 

 

 if IL stat is accounted TL out = R dif + IL stat else TL out = R dif 

 
 the model for Rdif is selected as shown in the table below: 

 

 

 
 

 

Step [AB] 
 

This step aims at calculating the break out sound power level with atmosphere at the front and at the rear regardless of the selected 

input data 

 

First approach 
 

o Bibliography (references) : 

 

[AB1]  

[AB2] 

- 

 

 

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 

 

 

 

 

model KOP NAT 

source [X’2] (*) 

model RIG LIM 

source 
[Z1] 

RIG=RIGid 

[Z1] 

LIM=LIMp 

model 1 2 

source cf. step [X] 
cf. step 

[X’] 

model 2081 HAN ASH 

source [AB1] [AB2] [AB2] (*) 
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*the correction factor to account for gradually decreasing values of the sound power level inside the duct as the 

distance from the sound source increases only accounts the sound attenuation Δ (dB/m) due to internal 

ductwork losses which is entered in worksheet [in-out CORED IN->OUT]) 

 
Second approach 

 

o Bibliography (references) : 

 

[AB3]  

[AB4] 

- 

 

  

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 
 

 

 

 

*the way to account for gradually decreasing values of the sound power level inside the duct as the distance from the sound source 

increases is not as accounted with [AB3] (where is related to thermodynamics and frequency), being accounted by the means of the 

sound attenuation Δ (dB/m) due to internal ductwork losses as entered in worksheet [in-out CORED IN->OUT]) 

 
 the model for diffusivity factor Kd=Km  is selected as shown in the table below: 

 

 
 

 

 

3.2.2.1.b Acoustics: rectangular ducts, break in noise 

 

 Bloc diagram for rectangular duct walls break in noise 
 

The computation scheme of rectangular duct walls is according the bloc-diagram below (cf. fig. 3.4): 

 

 
 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [A] to [AG] have been taken into account for 

the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity  

 

 Steps of the computation for rectangular duct walls break in noise 

 

Steps [A] to [V]  
 

See corresponding § in Section 2, as far as sound reduction index of plates is concerned (used for step [X]) 

 

 

model 3733 MIX 

source [AB3] [AB3](*) 

model SIN 3 

source [AB4] =3 

       fig. 3.4 
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Preliminary remarks common to step [AC] and step [AC’] 

 
o Comments : 

 
  the size of the cross section of the duct, the length of the duct, the flow rate are not related to the values selected in 

the worksheet [in-out COSIL] for B and H: corresponding input data are entered in worksheet [in-out CORED IN-

>OUT]) 

 
Step [AC] 
 

This step aims at calculating the sound reduction index of a single-leaf (rectangular) duct made of 1 plate alone such as 
plates of set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected quantities of other 

elements, and with atmosphere at the front and at the rear regardless of the selected input data) 

 

o Bibliography (references) : 

 

[AC1] 

- 

 

[AC2]  

[AC3]  

[AC4]  

 

o Comments : 

 

 when used, the cut off frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 

 
 the cross over frequency fcr is computed depending on the speed of sound c, the Mach number in the airways M, 

and the geometry of the duct, according to various models as shown in the table below: 

 

 

 

 

 

 

Step [AC’] 
 

This step, being a complementary feature associated with step [X], aims at calculating the sound reduction index of a single-

leaf (rectangular) duct made of 1 steel plate alone with a thickness such as those of set 0, regardless of the other selected 

parameters of such plates for set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected 

quantities of other elements, and with atmosphere at the front and at the rear regardless of the selected input data 

 

o Bibliography (references) : 

 

[AC’1]  

[AC’2]   

- 

 

 

o Comments : 

 

 the model of ratio a/b is selected as shown in the table below – whatever the corresponding input data of a and b are 

 
 

 

 

 

 

Step [AE] 
 

This step aims at calculating the insertion loss of set 1 when compared to set 0 with atmosphere at the front and at the rear 

regardless of the selected input data 

 

 

model HAN MUN 

source [AC1] [AC2] 

model HAN NAS SMA 

source [AC1] [AC3] [AC4](*) 

model 1 2 4 

source a/b=1 a/b=2 a/b=4 

*[AC4] seems to be in error 
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o Bibliography (references) : 

 

[AE1]  

  

o Comments : 

 

 Cf. step [Z] 

 

Step [AF] 
 

This step aims at calculating the transmission loss with sound leaks with atmosphere at the front and at the rear regardless of 

the selected input data 

 

o Bibliography (references) : 

 

No particular bibliography has been considered 

 

o Comments : 

 

 if IL stat is accounted TL out = R dif + IL stat else TL out = R dif 

 
 the model for Rdif is selected as shown in the table below: 

 

 

 
 

 

       Step [AG] 
 

This step aims at calculating the break  in sound power level with atmosphere at the front and at the rear regardless of the 

selected input data 

 

o Bibliography (references) : 

 

[AG1]  

[AG2] 

- 

 

 

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 

 

 

 
 

3.2.2.2 Acoustics: circular ducts 

 

3.2.2.2.a Acoustics: circular ducts, break out noise 

 

 Bloc diagram for circular duct walls break out noise 
 

The computation scheme of circular duct walls is according the bloc-diagram below (cf. fig. 3.5): 

model 1 2 

source 
cf. step 

[AC] 

cf. step 

[AC’] 

model 2081 HAN 

source [AG1] [AG2] 
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Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [A] to [AL] have been taken into account for 

the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity  

 

 Steps of the computation for circular duct walls break out noise 

 

Steps [A] to [V]  
 

See corresponding § in Section 2, as far as sound reduction index of plates is concerned (use to be précised on the 

occasion of a future revision of this user’s manual) 
 

Preliminary remarks common to step [AH] and step [AH’] 

 
o Comments : 

 
 the size of the cross section of the duct, the length of the duct, the flow rate are not related to the values selected in 

the worksheet [in-out COSIL] for D: corresponding input data are entered in worksheet [in-out COCID IN->OUT]) 

 

Step [AH] 
 

This step aims at calculating the sound reduction index of a single-leaf (circular) duct made of 1 layer alone such as plates 

of set 0, regardless of the selected quantity of such plates for set 0, regardless of the selected quantities of other elements, and 

with atmosphere at the front and at the rear regardless of the selected input data) 

 

o Bibliography (references) : 

 

[AH1] 

- 

 

[AH2]  

[AH3]  

 

 

o Comments : 

 

 when used, the cut off frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 

 

 the model of mounting  is selected as shown in the table below: 

model HAN MUN 

source [AH1] [AH2] 

model mounting (source [AH3]) 

a) welded pipe with an average of one bend per approximately 20D length 

       fig. 3.5 
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Step [AH’] 
 

This step, being a complementary feature associated with step [X], aims at calculating the sound reduction index of a single-
leaf (circular) folded-spiral seam duct made of 1 layer alone such as plates of set0, regardless of the selected quantity of 

such plates for set 0, regardless of the selected quantities of other elements, and with atmosphere at the front and at the rear 

regardless of the selected input data) 

 

o Bibliography (references) : 

 

[AH’1] 

- 

 

[AH’2]  

[AH’3]  

[AH’4]   

- 

 

 

 Comments : 

 

 when used, the cut off frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 

 

 when used, the annular expansion frequency fRokt is selected as shown in the table below: 

 

 

 

 

 

 

* the annular expansion frequency is derived as for the general case (i.e.: not converted in 1/1 octave central 

frequency) 

 

 the model of HF (High Frequency) limitation is selected as shown in the table below: 

 

 

 

 

 

 

Step [AJ] 
 

This step aims at calculating the insertion loss of set 1 when compared to set 0 with atmosphere at the front and at the rear 

regardless of the selected input data 

 

o Bibliography (references) : 

 

[AJ1] 

- 

 

 

o Comments : 

 

 the model of insertion loss is selected as shown in the table below: 

 

 

b) welded straight pipe from approximately 20D length behind the source 

c) welded, average value from a) and b), if not to be specified more precisely 

d) as b) but pipe flanged at a distance from 2m to 6m 

e) 
pipe up to approximately 20D length behind the valve with customary solid-borne sound 

coupling between valve and flanged pipe 

model HAN MUN 

source [AH’1] [AH’2] 

model NAT OCT 

source (*) [AH’3] 

model 2081 MOI 

source [AH’3] (*) * the HF limitation is derived as a corrected value 
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Step [AK] 
 

This step aims at calculating the transmission loss with sound leaks with atmosphere at the front and at the rear regardless of 

the selected input data 

 

o Bibliography (references) : 

 

No particular bibliography has been considered 

 

o Comments : 

 

 if IL stat is accounted TL out = R dif + IL stat else TL out = R dif 

 
 the model for Rdif is selected as shown in the table below: 

 

 
 

 

 

Step [AL] 
 

This step aims at calculating the break out sound power level with atmosphere at the front and at the rear regardless of the selected 

input data 

 

First approach 
 

o Bibliography (references) : 

 

[AL]  

[AL2] 

- 

 

 

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 
 

 

 

 

*the correction factor to account for gradually decreasing values of the sound power level inside the duct as the 

distance from the sound source increases only accounts the sound attenuation Δ (dB/m) due to internal 

ductwork losses which is entered in worksheet [in-out COCID IN->OUT]) 

 
Second approach 

 

o Bibliography (references) : 

 

[AL3]  

[AL4] 

- 

 

 

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 

 

 

 
 

model HAL MIC 

source 

[AJ1] 

HAL=HAL

e 

[AJ1] 

MIC=MICh

elsen 

model 1 2 

source 
cf. step 

[AH] 

cf. step 

[AH’] 

model 2081 HAN ASH 

source [AL] [AL2] [AL2] (*) 

model 3733 MIX 

source [AL3] [AL3](*) 
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*the way to account for gradually decreasing values of the sound power level inside the duct as the distance from the sound source 

increases is not as accounted with [AL3] (where is related to thermodynamics and frequency), being accounted by the means of the 

sound attenuation Δ (dB/m) due to internal ductwork losses as entered in worksheet [in-out COCID IN->OUT]) 

 
 the model for diffusivity factor Kd=Km  is selected as shown in the table below: 

 

 

 
 

 

3.2.2.2.b Acoustics: circular ducts, break in noise 
 

 Bloc diagram for circular duct walls break in noise 

 

 
 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [A] to [AQ] have been taken into account for 

the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity  

 
 Steps of the computation for circular duct walls break in noise 

 

Steps [A] to [V]  
 

See corresponding § in Section 2, as far as sound reduction index of plates is concerned (use to be précised on the 

occasion of a future revision of this user’s manual) 
 

Preliminary remarks common to step [AP] and step [AQ] 

 
o Comments : 

 
 the size of the cross section of the duct, the length of the duct, the flow rate are not related to the values selected in 

the worksheet [in-out COSIL] for D: corresponding input data are entered in worksheet [in-out COCID IN->OUT]) 

 
Step [AP] 
 

This step aims at calculating the transmission loss with sound leaks with atmosphere at the front and at the rear regardless of 

the selected input data 

 

o Bibliography (references) : 

 

No particular bibliography has been considered 

 

o Comments : 

 

 if IL stat is accounted TL out = R dif + IL stat else TL out = R dif 

 
 the model for Rdif is selected as shown in the table below: 

model SIN 3 

source [AL4] =3 

       fig. 3.6 
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Step [AQ] 

 

This step aims at calculating the break out sound power level with atmosphere at the front and at the rear regardless of the selected 

input data 

 

o Bibliography (references) : 

 

[AQ1]  

[AQ2] 

- 

 

 

o Comments : 

 
 the model for TL out  is selected as shown in the table below: 

 

 

 

 

 

3. 3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37, W38 

[in CODAP] W23 

[in-out COPPA] X53, X54 (**) 

 

Worksheets 

 
Regarding the COmputation of Duct Walls, the software SILDIS is configurated in order to allow the user to access to various 

worksheets being  linked as shown in fig.3.5 (the overview of the worksheets being shown in table below). 

 

 

Note: a partly common background is required for several steps of the computation schemes of different acoustic components 

(insertion loss of a silencer, absorption coefficient / sound reduction index of a plane partition, sound reduction index of a duct 

wall...). For this reason worksheets [in COALA] and [in COSIL] are distinct due to the existence of other calculations (by the means 

of SILDIS) using the routine COALA (COmputation of Acoustic LAyers) but not using the routine COSIL (COmputation of 

SILencers).  

 

 

 

model 1 2 

source 
cf. step 

[AN] 

cf. step 

[AN’] 

model 2081 HAN 

source [AB1] [AB2] 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

Fig. 3.5 

something like that *  
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Worksheet Suitable for  mountings Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in-out CORED IN->OUT] 
REctangular Duct, break 

out transmission 
for duct: dimensions, flow rate 

indicators of performance (acoustics) 

[in-out CORED OUT->IN] 
REctangular Duct, break in 

transmission 
 

[in-out COCID IN->OUT] 
CIrcular Duct, break out 

transmission 
for duct: dimensions, flow rate 

[in-out COCID OUT->IN] 
CIrcular Duct, break in 

transmission 
 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

As far as plates (to which the layer of material of the considered wall is equal) are concerned, specific data bases (libraries) 

(will) allow the design to be made with in-built engineering data (constants) referred to as “Usual” in the worksheets of the 

software. Warning: some properties of the presently referenced materials still not have been checked by reliable sources. See 

also report [PhRxx-015x] Collection of soundproofing constructions systems: a companion to “User’s manual for the software 

SILDIS”  
 

 data base (library) for thin plates (available in worksheet in COALA) 
 

 contents of the library: 21 possible references of material layers 

 among those references: 2-PLY (reported from worksheet CODAP)  
 

 data base (library) for layers constituting the damped plates (available in worksheet in CODAP) 
 

 contents of the library: 21 possible references of material layers 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
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Worksheet [in-out CORED IN->OUT] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Biggest dimension a AH49 Input a positive real  

Smallest dimension b AH50 Input a positive real  

Length L AH51 Input a positive real  

Mass flow rate  AH53 Input a positive real  

Model of cut-off frequency 

fco 
AH64 

Select a model (in the 

proposed list)  
 

Model of cross over  

frequency fcr 
R81 

Select a model (in the 

proposed list)  
 

For f<fcr model of 

transmission 
R85 

Select a model (in the 

proposed list) 
 

For f>fcr model of 

transmission 
R90 

Select a model (in the 

proposed list) 
 

Model of minimum for Rdif R95 
Select a model (in the 

proposed list) 
 

Model of maximum for 

Rdif 
R99 

Select a model (in the 

proposed list) 
 

Model of minimum for Rdif R108 
Select a model (in the 

proposed list) 
 

Model R131 
Select a model (in the 

proposed list) 
 

Limitation of IL for HF R133 Input a positive real Limitation of Insertion Loss for High Frequency 

Model for Rdif R149 
Select a model (in the 

proposed list) 

1= first approach displayed in the same worksheet 

2= second approach displayed in the same worksheet 

Accounting IL stat (0/1) R151 
For NO input 0, for YES 

input 1 
 

Δ (dB / m) 
AB154 to 

AL154 
Input a positive real  

model R158 
Select a model (in the 

proposed list) 
 

model R164 
Select a model (in the 

proposed list) 
 

Model for diffusivity factor 

Kd=Km 
R168 

Select a model (in the 

proposed list) 
 

Length of duct R172 Input a positive real  

 

o Main displays of the results : 

 

Tables of results and graphs for a rectangular duct: 1 plate alone such as those of set 0 

 

 break out sound reduction index: see lines 75 to 100 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: 1 steel plate alone, thickness such as those of set 0 

 

 break out sound reduction index: see lines 102 to 123 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: set 1/ set 0: coupling 0% 

 

 insertion loss: see lines 125 to 145 (columns AA to AN) 

 

Tables of results for a rectangular duct: TL out = Rdif +? ILstat 
 

 break out transmission loss: see lines 147 to 151 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 

 

 break out sound power level: see lines 156 to 160 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 

 

 break out sound power level: see lines 162 to 166 (columns AA to AN) 
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Worksheet [in-out CORED OUT->IN] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Model of cross over  

frequency fcr 
X81 

Select a model (in the 

proposed list)  
 

Model of ratio a/b X113 
Select a model (in the 

proposed list) 
 

Model for Rdif X149 
Select a model (in the 

proposed list) 

1= first approach displayed in the same worksheet 

2= second approach displayed in the same worksheet 

Accounting IL stat (0/1) X151 
For NO input 0, for YES 

input 1 
 

model X158 
Select a model (in the 

proposed list) 
 

 

o Main displays of the results : 

 

Tables of results and graphs for a rectangular duct: 1 plate alone such as those of set 0 

 

 break in sound reduction index: see lines 75 to 100 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: 1 steel plate alone, thickness such as those of set 0 

 

 break in sound reduction index: see lines 102 to 123 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: set 1/ set 0: coupling 0% 

 

 insertion loss: see lines 125 to 145 (columns AA to AN) 

 

Tables of results for a rectangular duct: TL out = Rdif +? ILstat 

 

 break in transmission loss: see lines 147 to 151 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 

 

 break in sound power level: see lines 156 to 160 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 
 

 break in sound power level: see lines 162 to 166 (columns AA to AN) 
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Worksheet [in-out COCID IN->OUT] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Diameter D  AH49 Input a positive real  

Length L AH51 Input a positive real  

Mass flow rate  AH53 Input a positive real  

Model of cut-off frequency 

fco 
AH64 

Select a model (in the 

proposed list)  
 

Model of mounting R85 
Select a model (in the 

proposed list) 
 

Model of annular expansion 

frequency fRokt 
R108 

Select a model (in the 

proposed list) 
 

Model of HF limitation R113 
Select a model (in the 

proposed list) 
 

Model R131 
Select a model (in the 

proposed list) 
 

Model for Rdif R149 
Select a model (in the 

proposed list) 

1= first approach displayed in the same worksheet 

2= second approach displayed in the same worksheet 

Accounting IL stat (0/1) R151 
For NO input 0, for YES 

input 1 
 

Δ (dB / m) 
AB154 to 

AL154 
Input a positive real  

model R158 
Select a model (in the 

proposed list) 
 

model R164 
Select a model (in the 

proposed list) 
 

Model for diffusivity factor 

Kd=Km 
R168 

Select a model (in the 

proposed list) 
 

Length of duct R172 Input a positive real  

 

o Main displays of the results : 

 

Tables of results and graphs for a rectangular duct: 1 plate alone such as those of set 0 

 

 break out sound reduction index: see lines 75 to 100 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: 1 steel plate alone, thickness such as those of set 0 

 

 break out sound reduction index: see lines 102 to 123 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: set 1/ set 0: coupling 0% 

 

 insertion loss: see lines 125 to 145 (columns AA to AN) 

 

Tables of results for a rectangular duct: TL out = Rdif +? ILstat 

 

 break out transmission loss: see lines 147 to 151 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 
 

 break out sound power level: see lines 156 to 160 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 
 

 break out sound power level: see lines 162 to 166 (columns AA to AN) 
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Worksheet [in-out COCID OUT->IN] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Model for Rdif X149 
Select a model (in the 

proposed list) 

1= first approach displayed in the same worksheet 

2= second approach displayed in the same worksheet 

Accounting IL stat (0/1) X151 
For NO input 0, for YES 

input 1 
 

model X158 
Select a model (in the 

proposed list) 
 

 

o Main displays of the results : 

 

Tables of results and graphs for a rectangular duct: 1 plate alone such as those of set 0 

 

 break in sound reduction index: see lines 75 to 100 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: 1 steel plate alone, thickness such as those of set 0 

 

 break in sound reduction index: see lines 102 to 123 (columns AA to AN) 

 

Tables of results and graphs for a rectangular duct: set 1/ set 0: coupling 0% 

 

 insertion loss: see lines 125 to 145 (columns AA to AN) 

 

Tables of results for a rectangular duct: TL out = Rdif +? ILstat 

 

 break in transmission loss: see lines 147 to 151 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 
 

 break in sound power level: see lines 156 to 160 (columns AA to AN) 

 

Tables of results for a rectangular duct: Lw out 
 

 break in sound power level: see lines 162 to 166 (columns AA to AN) 
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3.4: Examples of computation with SILDIS 
 

Example 3.4.1 rectangular duct wall 
 

Envisaged application 

 
It is wished to compute the breakout transmission loss of a rectangular duct wall for room conditions. The duct is made of steel [1] 

with a thickness 0.567 mm [2].  A cross section B=151 mm [3]*H=151 mm [4] is considered. Regarding models of computation: the 

procedures of the model referred to as SMA are selected [5].  
 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA]  

 

Item 
Cell for 
input 

Foreseen action  Input 
See placemark / 

comment 

Reference W31 

Select a reference  

(material in the proposed 

list)  

STEEL [1] 

g) Y31 
Select 1 or 2 in the 

proposed list 
1  

Thickness W38 
Input a real positive 

number 
0.567E-3 [2] 

 

Worksheet [in-out CORED1 IN->OUT] 

 

Item 
Cell for 

input 
Foreseen action Input See placemark 

Biggest dimension a AH49 Input a positive real 0.151 [3] 

Smallest dimension b AH50 Input a positive real 0.151 [3] 

Length L AH51 Input a positive real -  

Mass flow rate  AH53 Input a positive real -  

Model of cut-off frequency 

fco 
AH60 

Select a model (in the 

proposed list)  
- 

 

Model of cross over  

frequency fcr 
R81 

Select a model (in the 

proposed list)  
SMA 

[5] 

For f<fcr model of 

transmission 
R85 

Select a model (in the 

proposed list) 

SMA 
[5] 

For f>fcr model of 

transmission 
R90 

Select a model (in the 

proposed list) 

SMA 
[5] 

Model of minimum for Rdif R95 
Select a model (in the 

proposed list) 

ZER 
[5] 

Model of maximum for Rdif R99 
Select a model (in the 

proposed list) 

NAT 
[5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        242/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out CORED IN->OUT]  
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Example 3.4.2 circular duct wall (pipe) 

 

Envisaged application 

 
It is wished to compute the breakout transmission loss of a circular duct wall (pipe) for service conditions: temperature 100°C [1], 

pressure 1E6 Pa [2]. The duct is made of steel [3], for which the natural effective critical frequency is considered [4] with a thickness 

10 mm [5], with a diameter D=300mm [6]. Regarding models of computation: the procedures basing the model referred to as 3733 

are selected [7] with an average value for accounting mounting [8] 
 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA]  

 

Item 
Cell for 
input 

Foreseen action  Input 
See placemark / 

comment 

Temperature D6 Input a real number 20 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference W31 

Select a reference  

(material in the proposed 

list)  

STEEL [3] 

g) Y31 
Select 1 or 2 in the 

proposed list 
1  

Model of effective critical 

frequency 
W37 

Select a model  (in the 

proposed list) 
NAT [4] 

Thickness W38 
Input a real positive 

number 
0.010 [5] 

 

Worksheet [in-out COCID IN->OUT] 

 

Item 
Cell for 
input 

Foreseen action  Input See placemark 

Diameter D  AH49 Input a positive real 0.3 [6] 

Length L AH51 Input a positive real -  

Mass flow rate  AH53 Input a positive real -  

Model of cut-off frequency 

fco 
AH64 

Select a model (in the 

proposed list)  
- 

 

Model of mounting R85 
Select a model (in the 

proposed list) 

c) 
[8] 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out COCID IN->OUT]  

 

 
 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 

FAIST
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Example 3.4.3 circular duct wall (spiral-seam pipe) 

 

Envisaged application 

 
It is wished to compute the breakout transmission loss of a circular duct wall (spiral-seam pipe) for room conditions: temperature 17°C 

[1], pressure 1E5 Pa [2]. The duct is made of steel [3], for which the natural effective critical frequency is considered [4] with a 

thickness 0.65 mm [5], with a diameter D=250mm [6]. The length of the duct is 1 m [7]. The flow rate is 1400 m3/h [8]. The sound 

velocity in steel is accounted as 5100 m/s. Regarding models of computation: the procedures basing the model referred to as 2081 are 

selected [9] except for the high frequency [10]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 
Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference W31 

Select a reference  

(material in the proposed 

list)  

STEEL [3] 

g) Y31 
Select 1 or 2 in the 

proposed list 
1  

Model of effective critical 

frequency 
W37 

Select a model  (in the 

proposed list) 
NAT [4] 

Thickness W38 
Input a real positive 

number 
0.00065 [5] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

73.6; 61.6; 49.5; 44.0; 

38.3; 33.8; 35.5; 30.5 
[11] 

 

Worksheet [in-out COCID IN->OUT] 
 

Item 
Cell for 
input 

Foreseen action  Input See placemark 

Diameter D  AH49 Input a positive real 0.25 [6] 

Length L AH51 Input a positive real 1 [7] 

Mass flow rate  AH53 Input a positive real =1400/3600*AH58 [8] 

Model of cut-off frequency 

fco 
AH64 

Select a model (in the 

proposed list)  

- 
- 

model of annular expansion 

frequency fRokt 
R108 

Select a model (in the 

proposed list) 

NAT 
[9] 

model of HF limitation R113 
Select a model (in the 

proposed list) 

MOI 
[9] 

model for Rdif R149 
Select a model (in the 

proposed list) 

2 
- 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out COCID IN->OUT]  
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Appendix to Section 3: list of symbols  
 

General 

 

Cf. corresponding § in Section 1 and 2 
 

Duct wall 
 

a: biggest (inner) dimension of the cross section of a rectangular duct 

b: smallest (inner) dimension of the cross section of a rectangular duct 

D: (inner) diameter of a rectangular duct 

fco: cut-off frequency of the duct (Hz) 

fcr: cross over frequency (Hz) 

fR: annular expansion frequency (Hz) 

 

Miscellaneous 
 

See also corresponding § in General considerations and in Section 1 and 2 
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Section 4: computation of duct straight runs 
(MODULE 4 of the software) 

 
4.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition (cf. section 1, section 2, cf. section 3)  

 

Mountings and geometry 

 
The geometry used for the computation of duct straight runs is as follows: 

 

cross section 

rectangular 

circular 

 

4.2: Scientific and technical background 
 

The prediction of acoustic performances of ducts straight runs with SILDIS is founded on a scientific and technical background in 

relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

4.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

4.2.2 Acoustics:  

 

• Bloc diagram on fig 4.1 below  

 

  
 
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [AR] to [AU] have been taken into account 

for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has 

been omitted for the sake of simplicity  

 

 

 

 

 

 

 

Fig. 4.1 
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• Steps of the computation 

 

Step [AR] only for applications related to air conditioning systems made of thin duct walls (i.e. not for 

applications involving stacks made of thick duct walls) 
 

This step aims at calculating the (longitudinal) attenuation (per unit length) of duct straight runs 

 

o Bibliography (references) : 

 

[AR1] 

- 

 

[AR2]  

[AR3]  

[AR4]  

[AR5]  

  

o Comments : 

 

 when used, the cut off  frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 when used, the model of  (longitudinal) 

attenuation (per unit length) is selected among various 

models as shown in the table below: 

 

 rectangular duct 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 circular duct 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

model HAN MUN 

source [AR1] [AR2] 

model 2081-R SMA-R 
ASH 

150*150 

ASH 

305*305 

ASH 

305*610 

source [AR3] [AR4] [AR5] [AR5] [AR5] 

comment 

thickness 1 

mm, 

(rectangular) 

dimension 

0.10 m up to 

1.00 m 

(rectangular) 

for 

(rectangular) 

cross section 

150 mm * 

150 mm 

for 

(rectangular) 

cross section 

305 mm * 

305 mm 

for 

(rectangular) 

cross section 

305 mm * 

610 mm 

model 
ASH 

610*610 

ASH 

1220*1220 

ASH 

1830*1830 
ZER 

source [AR5] [AR5] [AR5] 
 

comment 

For 

(rectangular)  

cross section 

610 mm * 

610 mm 

for 

(rectangular) 

cross section 

1220 mm * 

1220 mm 

for 

(rectangular) 

cross section 

1830 mm * 

1830 mm 

 

 

ZERo 

attenuation 

model 2081-C ASH D≤180 
ASH 

180<D≤380 

ASH 

380<D≤760 

ASH 

760<D≤1520 
ZER 

source [AR3] [AR5] [AR5] [AR5] [AR5] 
 

comment 

thickness 1 

mm, 

(rectangular) 

diameter 

0.10 m up to 

1.00 m 

for circular 

cross section 

diameter D ≤ 

180 mm  

for circular 

cross section 

180 mm < D 

≤ 380 mm 

for circular 

cross section 

380 mm < D 

≤ 760 mm 

for circular 

cross section 

760 mm < D 

≤ 1520 mm 

 

 

ZERo 

attenuation 
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Step [AS]  
 

This step aims at calculating the insertion loss without self noise of duct straight runs 

 

o Bibliography (references) : 

 

[AS1]  

 

o Comments : 

 

 the insertion loss without flow noise D’i  is computed according to various models as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step [AT] 
 

This step aims at taking into account the self noise of duct straight runs (noise produced by the airflow).  

 
For dissipative silencers 

 

o Bibliography (references) : 

 

[AT1]  

[AT2]  

[AT3]  

[AT4]  

[AT5] 

- 

 

  

o Comments: the self noise (acoustic power of flow noise Lw in dB ref 1E-12W) is basically computed at frequency steps 

of 1/1 octave. 

 

 for rectangular cross sections as well as for circular cross sections, the determination of the self noise is done 

according various models as shown in the tables below: 

 

model 2081B 3733A1 3733A2 3733B 

source 
 [AT1] 

(**)(***) 

 [AT2] 

(**)(***) 

 [AT3] 

(**)(***) 

 [AT4] 

(**)(***) 

 

 for the models 2081 and 3733, a spectral correction is used  according various models as shown in the tables below: 

 

model 2081 FRO 3733 

source  [AT4]  [AT5]   [AT3] 

 

Warning: at the time of the writing of this manual, all the consequences of the choice of one or the other model are not known 

with accuracy. The choice of the model can be done by the user allowing tests and feed-back. 

 
Step [AU] 
 

This step aims at calculating the insertion loss of the duct including its self noise.  

 

o Bibliography (references) : 

 

[AU1] 

- 

 

 

 

 

model 3733G 3733T COEDLA 

source [AS1] [AS1] step [AR] 

comment 

only for 

applications 

involving 

stacks made 

of thick duct 

walls (based 

on graphic 

displayed in 

[AS1]) 

only for 

applications 

involving 

stacks made 

of thick duct 

walls  (based 

on table  

displayed in 

[AS1]) 

only for 

applications 

related to air 

conditioning 

systems 

made of thin 

duct walls 
cf. step [AR] 
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o Comments : 

 

The sound power level downstream of the straight duct including self noise (Lw1 in dB ref 1E-12W) is basically 

computed at frequency steps of 1/1 octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   
 

Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

 

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular ducts, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and 

total pressure loss (2004). 

 

4.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37, W38 

 

Worksheets 

 
Regarding the COmputation of BENDs, the software SILDIS is configurated in order to allow the user to access to various 

worksheets being  linked as shown in fig.4.2 (the overview of the worksheets being shown in table below). 

 

  
 

Note: temperature and pressure conditions as well as reference spectrum one should enter in worksheet in COALA 

 

Worksheet Suitable for  mountings Input data Results 

[in COALA] all 
for climatic conditions, for reference 

spectrum 
-- 

[in-out COEDLA] 

COmputation of Empty 

Ducts Longitudinal 

Attenuation 

for duct: dimensions indicators of performance (acoustics) 

[in-out COSTDUC] 
COmputation of STraigtht 

DUcts 
for duct: dimensions, flow rate indicators of performance (acoustics) 

 

Input data, alerts and results: the key points 
 

Worksheet [in-out COEDLA] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

mass flow rate Qm (kg/s) I5 Input a real useless input data given the development of SILDIS 

model of cut-off frequency 

fco 
P5 

Select a model  (in the 

proposed list) 
useless input data given the development of SILDIS 

 

 

 
 
 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

something like that *  

Fig. 4.2 
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Only in case of a rectangular cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

biggest dimension (m) P23 Input a real  

smallest dimension (m) P24 Input a real  

model of attenuation P32 
Select a model  (in the 

proposed list) 
 

 

Only in case of a circular cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

diameter (m) P47 Input a real  

model of attenuation P57 
Select a model  (in the 

proposed list) 
 

 

Worksheet [in-out COSTDU] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

mass flow rate Qm (kg/s) I5 Input a real  

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
 

model of insertion loss S5 
Select a model  (in the 

proposed list) 
 

duct length (m) X5 Input a real  

model of self noise AC5 
Select a model  (in the 

proposed list) 
 

model of spectral correction AC10 
Select a model  (in the 

proposed list) 
 

 

Only in case of a rectangular cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

biggest dimension (m) P23 Input a real  

smallest dimension (m) P24 Input a real  

 

Only in case of a circular cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

diameter (m) P47 Input a real  

 

o Main displays of the results : 

 

Worksheet [in-out COEDLA] 

 
Table of results in case of rectangular cross section  
 

 longitudinal attenuation Δ: see lines 21 to 24 (columns S to AC) 

 

Tables of results in case of circular cross section  
 

 longitudinal attenuation Δ: see lines 44 to 47 (columns S to AC) 

 

Worksheet [in-out COSTDU] 
 

Tables of results in case of rectangular cross section  
 

 insertion loss without self noise Di’: see lines 21 to 24 (columns S to AD) 

 

 self noise Lw: see lines 26 to 30 (columns S to AD) 

 

 sound power level downstream of  straight duct section: see lines 32 to 36 (columns S to AD) 

 insertion loss with self noise Di: see lines 38 to 41 (columns S to AD) 
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Tables of results in case of circular cross section  
 

 insertion loss without self noise Di’: see lines 44 to 47 (columns S to AD) 

 

 self noise Lw: see lines 49 to 53 (columns S to AD) 

 

 sound power level downstream of  straight duct section: see lines 55 to 59 (columns S to AD) 

 

 insertion loss with self noise Di: see lines 61 to 64 (columns S to AD) 

 
4.4: Examples of computation with SILDIS 

 

Example 4.4.1 rectangular straight duct (air conditioning system) 

 

Envisaged application 

 
It is wished to compute the sound power level downstream of a rectangular straight duct for room conditions: temperature 17°C [1], 

pressure 1E5 Pa [2]. The duct is made of steel [3], with a thickness 1 mm [4], with a width B=0.5 m [5], and with a height H= 0.4 m 

[6]. The length of the duct is 4 m [7]. The flow rate is 4200 m3/h [8].  Regarding models of computation: the procedures basing the 

model referred to as 2081 are selected [9]. 

 

Note:  the sound power spectrum upstream of the considered straight duct section is as shown in the table below [10]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw0 (dB 

ref 1pW) 

80.8 68.3 48.9 44.9 40.2 39.5 44.0 39.1 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA]  
 

Item 
Cell for 
input 

Foreseen action  Input 
See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

80.8 ; 68.3 ; 48.9 ; 44.9 ; 

40.2 ; 39.5 ; 44.0 ; 39.1 
[10] 

 

Worksheet [in-out COEDLA] 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real -  

model of cut-off frequency 

fco 
P5 

Select a model  (in the 

proposed list) 
- 

 

 

Only in case of a rectangular cross section  

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

biggest dimension (m) P23 Input a real 0.5 [5] 

smallest dimension (m) P24 Input a real 0.4 [6] 

model of attenuation P32 
Select a model  (in the 

proposed list) 
2081-R [9] 
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Worksheet [in-out COSTDU] 
 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real =4200/3600*I10 [8] 

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
HAN 

 

model of insertion loss S5 
Select a model  (in the 

proposed list) 
COEDLA 

 

duct length (m) X5 Input a real 4 [7] 

model of self noise AC5 
Select a model  (in the 

proposed list) 
2081B [9] 

model of spectral correction AC10 
Select a model  (in the 

proposed list) 
2081 [9] 

 

Only in case of a rectangular cross section  
 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

biggest dimension (m) P23 Input a real 0.5 [5] 

smallest dimension (m) P24 Input a real 0.4 [6] 

 

Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out COEDLA]  

 

 
 

Screenshot of worksheet [in-out COSTDU]  

 

 
 

Example 4.4.2 circular straight duct (air conditioning system) 

 
Envisaged application 

 
It is wished to compute the sound power level downstream of a circular straight duct for room conditions: temperature 17°C [1], 

pressure 1E5 Pa [2]. The duct is made of steel [3], with a thickness 1 mm [4], with a diameter D=0.25 m [5]. The length of the duct is 

7 m [6]. The flow rate is1400 m3/h [7].  Regarding models of computation: the procedures basing the model referred to as 2081 are 

selected [8]. 

 

Note:  the sound power spectrum upstream of the considered straight duct section is as shown in the table below [9]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw0 (dB 

ref 1pW) 

73.6 61.3 45.7 42.1 38.4 36.1 38.8 33.9 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

73.6 ; 61.3 ; 45.7 ; 42.1 ; 

38.4 ; 36.1 ; 38.8 ; 33.9 
[9] 

 

Worksheet [in-out COEDLA] 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real -  

model of cut-off frequency 

fco 
P5 

Select a model  (in the 

proposed list) 
- 

 

 

Only in case of a circular cross section  
 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

diameter (m) P47 Input a real 0.250 [5] 

model of attenuation P57 
Select a model  (in the 

proposed list) 
2081-C [8] 

Worksheet [in-out COSTDU] 
 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real =1400/3600*I10 [7] 

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
HAN 

 

model of insertion loss S5 
Select a model  (in the 

proposed list) 
COEDLA 

 

duct length (m) X5 Input a real 7 [6] 

model of self noise AC5 
Select a model  (in the 

proposed list) 
2081B [8] 

model of spectral correction AC10 
Select a model  (in the 

proposed list) 
2081 [8] 

 
Only in case of a circular cross section  

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

diameter (m) P47 Input a real 0.250 [5] 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  

 

 
 

Screenshot of worksheet [in-out COEDLA]  
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Screenshot of worksheet [in-out COSTDU]  

 

 
 

Example 4.4.3 circular straight duct (exhaust stack) 

 
Envisaged application 

 
It is wished to compute the sound power level at the mouth of a circular stack for service conditions: temperature 109.85°C [1], pressure 

1E5 Pa [2]. The duct is with a diameter D=6 m [3]. The height of the stack is 135 m [4].  The flow rate is 384.615 kg/s [5].  Regarding 

models of computation: the procedures basing the model referred to as 3733G are selected [6]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COALA]  

 

Item 
Cell for 
input 

Foreseen action  Input 
See placemark / 

comment 

Temperature D6 Input a real number 109.85 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

 

Worksheet [in-out COSTDU] 
 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real 384.615 [5]  

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
- 

 

model of insertion loss S5 
Select a model  (in the 

proposed list) 
3733G [5] 

duct length (m) X5 Input a real 135 [6] 

model of self noise AC5 
Select a model  (in the 

proposed list) 
- - 

model of spectral correction AC10 
Select a model  (in the 

proposed list) 
- - 

 
Only in case of a circular cross section  

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

diameter (m) P47 Input a real 6 [3] 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  

 

 
 

Screenshot of worksheet [in-out COSTDU]  
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4.5: Miscellaneous: other calculations with SILDIS 

 
Screenshot of worksheet [in-out COROUT] 

 
 
Screenshot of worksheet [in-out CODIV] 
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Screenshot of worksheet [in-out COJUMP] 
 

 
 
Screenshot of worksheet [in-out COSTDU] 
 

 
 
Screenshot of worksheet [in-out COBEND] 
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Screenshot of worksheet [in-out CONOZ] 
 

 
 

Appendix to Section 4: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2 and 3 
 
Straight duct 

 
Lw0: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the duct (casing) section of 

interest 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) i.e. in the exit plane of the duct (casing) section of interest 
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Section 5: computation of break-out noise 
(MODULE 5 of the software) 

 
5.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition (cf. section 1, section 2, cf. section 3, cf. section 4)  

 

Mountings and geometry 

 
The geometry used for the design of silencer casings with the program SILDIS is as shown in section 1, section 2, cf. section 3  

 

5.2: Scientific and technical background 
 

The prediction of acoustic performances of ducts with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

5.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

5.2.2 Acoustics:  

 

• Bloc diagram in case of a silencer on fig 5.1.1 below  
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• Bloc diagram in case of an empty duct on fig 5.1.2 below  

 

 

 

 

 

 
 

 

 

Fig. 5.1.1 

Fig. 5.1.2 
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Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to as [AV] have been taken into account for the bloc-

diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been omitted 

for the sake of simplicity  

 

• Steps of the computation 

 

Step [AV] 
 

This step aims at calculating the sound power level radiated by duct (or casing) walls with atmosphere at the front and at the rear 

regardless of the selected input data 

 

o Bibliography (references) : 

 

[AV1]  

[AV2]  

[AV3] 

- 

 

[AV4]  

 

Comments : 

 

 when used, the duct (or casing) walls sound transmission loss referred to as TL out is selected according to various 

models as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 when used, the model of silencer (i.e. the model of silencer insertion loss referred to as Di) is selected according to 

various models as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 the model for the sound power level radiated by duct (or casing) walls referred to as Lw out  is selected as shown in the 

table below: 

 
 

 

 

 

*the correction factor to account for gradually decreasing values of the sound power level inside the duct as the 

distance from the sound source increases only accounts the sound attenuation Δ (dB/m) due to internal 

ductwork losses which is computed as Di/L 

 

5.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

 

model COPPA COPPA1 COPPA2 CORED COCID BYO 

source 

as derived & 

displayed in 

worksheet 

COPPA 

as derived & 

displayed in 

worksheet 

COPPA1 

 

as derived & 

displayed in 

worksheet 

COPPA2 

 

as derived & 

displayed in 

worksheet 

CORED IN-

>OUT 

 

as derived & 

displayed in 

worksheet 

COCID IN-

>OUT 

TL out 

figures to be 

entered by 

user (BYO = 

Bring Your 

Own) 

model CODIS1 CODIS2 CORESPTR CORESPTL ZER BYO 

source 

as derived & 

displayed in 

worksheet 

CODIS1 

as derived & 

displayed in 

worksheet 

CODIS1 

as derived & 

displayed in 

worksheet 

CORESPTR 

 

as derived & 

displayed in 

worksheet 

CORESPTL 

 

insertion loss 

= ZERo (i.e.  

ZERo 

silencer 

effect) 

TL out 

figures to be 

entered by 

user (BYO = 

Bring Your 

Own) 

model 2081 HAN ASH 

source 
[AV1] 

[AV2] 
[AV3] [AV4] (*) 
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Worksheet Cells 

[in COALA] E13, J37, W38 

[in CODAP] W23 

[in-out COPPA] X53, X54 (**) 

 

Worksheets 

 
Regarding the COmputation of Break-Out Noise, the software SILDIS is configurated in order to allow the user to access to various 

worksheets being  linked as shown in fig. 5.21 (the overview of the worksheets being shown in table below). 

 

 
 

 

Worksheet Suitable for  mountings Input data Results 

[in-out CORED IN->OUT] Rectangular duct 

 

for duct: dimensions (for some 

models: longitudinal sound 

attenuation as well) 

indicators of performance (acoustics) 

[in-out COCID IN->OUT Circular duct 

for duct: dimensions (for some 

models: longitudinal sound 

attenuation as well) 

indicators of performance (acoustics) 

[in-out COBON] 

Rectangular duct or 

silencer casing 

Circular duct or silencer 

casing 

for duct or silencer casing: 

dimensions 

(for some models: longitudinal sound 

attenuation as well) 

indicators of performance (acoustics) 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

 

 
 

 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

Fig. 5.2 

something like that *  
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Worksheet [in-out COBON] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Perimeter of the cross 

section of the silencer (m) 
R20 Input a positive real  

Area of the cross section of 

the silencer (m2) 
R22 Input a positive real  

Model for TL out R27 
Select a model (in the 

proposed list) 
 

Model of silencer R33 
Select a model (in the 

proposed list) 
 

Model for Lw out R38 
Select a model (in the 

proposed list)  
 

Finite elements method 

(0/1) ? 
R40 

Input 0 to answer “no”; 

input 1 to answer “yes” 

The recourse to finite elements method makes sense in 

case of ducts with a big length or in case of silencers 

 

o Main displays of the results : 

 

Tables of results 

 

 sound power level radiated out of the duct (casing) section of interest: see lines 42 to 46 (columns AA to AN) 

 

 sound power level downstream of considered section of duct (silencer) + sound power level radiated out of the 
duct (casing) section of interest: see lines 48 to 52 (columns AA to AN) 

 

Note: 

 

Tables of results already displayed in other worksheets, being input data for the present worksheet 

 

 sound power level in the exit plane of the duct (casing) section of interest: see lines 18 to 22 (columns AA to AN) 

 

 sound transmission loss of the duct wall (casing): see lines 25 to 29 (columns AA to AN) 

 

 insertion loss of the silencer: see lines 31 to 34 (columns AA to AN) 

 

 (longitudinal) sound attenuation: see lines 36 to 39 (columns AA to AN) 

 

 

5.4: Examples of computation with SILDIS 
 

Example 5.4.1 circular duct wall (spiral-seam pipe) 

 

Envisaged application 

 
It is wished to compute the sound power level radiated out of circular duct walls (spiral-seam pipe) for room conditions: temperature 

17°C [1], pressure 1E5 Pa [2]. The duct is made of steel [3], for which the natural effective critical frequency is considered [4] with a 

thickness 0.65 mm [5], with a diameter D=250mm [6]. The length of the duct is 1 m [7]. The flow rate is 1400 m3/h [8]. The sound 

velocity in steel is accounted as 5100 m/s. Regarding models of computation: the procedures basing the model referred to as 2081 are 

selected [9] except for the high frequency [10]. 

 

Note:  the unsilenced sound power spectrum is as shown in the table below [11]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw0 (dB 

ref 1pW) 

73.6 61.6 49.5 44.0 38.3 33.8 35.5 30.5 

 

Note: the sound power level radiated out of a circular duct walls is displayed in 2 worksheets of SILDIS: in worksheet [in-out 

COCID IN->OUT] and in worksheet [in-out COBON]   

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference W31 

Select a reference  

(material in the proposed 

list)  

STEEL [3] 

g) Y31 
Select 1 or 2 in the 

proposed list 
1  

Model of effective critical 

frequency 
W37 

Select a model  (in the 

proposed list) 
NAT [4] 

Thickness W38 
Input a real positive 

number 
0.00065 [5] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

73.6; 61.6; 49.5; 44.0; 

38.3; 33.8; 35.5; 30.5 
[11] 

 
Worksheet [in-out COCID IN->OUT] 

 

Item 
Cell for 

input 
Foreseen action  Input See placemark 

Diameter D  AH49 Input a positive real 0.25 [6] 

Length L AH51 Input a positive real 1 [7] 

Mass flow rate  AH53 Input a positive real =1400/3600*AH58 [8] 

Model of cut-off frequency 

fco 
AH64 

Select a model (in the 

proposed list)  

- 
- 

model of annular expansion 

frequency fRokt 
R108 

Select a model (in the 

proposed list) 

NAT 
[9] 

model of HF limitation R113 
Select a model (in the 

proposed list) 

MOI 
[9] 

model for Rdif R149 
Select a model (in the 

proposed list) 

2 
- 

 
Only if one wishes to use the sound power level transmitted by the walls of a circular duct wall is displayed in worksheet [in-out 

COCID IN->OUT] 

 

Item 
Cell for 
input 

Foreseen action  Input See placemark 

model R158 
Select a model (in the 

proposed list) 

 
[9] 

 

Worksheet [in-out COBON] 

 

Item 
Cell for 
input 

Foreseen action  Input See placemark 

Perimeter of the cross 

section of the silencer (m) 
R20 Input a positive real 

0.7853 
[6] 

Area of the cross section of 

the silencer (m2) 
R22 Input a positive real 

0.049 
[6] 

Model for TL out R27 
Select a model (in the 

proposed list) 
COCID 

 

Model of silencer R33 
Select a model (in the 

proposed list) 
ZER No silencing effect 

accounted 

Model for Lw out R38 
Select a model (in the 

proposed list)  

2081 
[9] 

Finite elements method 

(0/1) ? 
R40 

Input 0 to answer “no”; 

input 1 to answer “yes” 

0 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out COCID IN->OUT]  
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Screenshot of worksheet [in-out COBON]  
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Appendix to Section 5: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2,3 and 4 
 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the duct (casing) section of 

interest 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) i.e. in the exit plane of the duct (casing) section of interest 

 

Casing 
 

TL out: sound transmission loss of the duct wall (casing) (dB) 

Lw out: sound power level radiated by duct (casing) walls (dB ref. 1pW) 
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Section 5A: computation of break-out noise of ducts with 
variable cross section (MODULE 5A of the software) 

 
5A.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

Duct with variable cross section: of which the width is constant, while the height at outlet is bigger than the height at inlet  

 

Mountings and geometry 

 
The geometry envisaged for the duct cross section is exclusively rectangular  

 

5A.2: Scientific and technical background 
 

The prediction of acoustic performances of ducts with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

5A.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

5A.2.2 Acoustics:  

 

• Bloc diagram in case of an empty duct: see corresponding section in chapeter 5 & consider downstream 

steps of computation only 
 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to as [BAQ] have been taken into account for the 

bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has been 

omitted for the sake of simplicity  

 

• Steps of the computation 

 

Step [BAQ] 
 

This step aims at calculating the sound power level radiated by duct (or casing) walls with atmosphere at the front and at the rear 

regardless of the selected input data 

 

o Bibliography (references) : 

 

[BAQ1]  

[BAQ2]  

[BAQ3] 

- 

 

[BAQ4]  
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Comments : 

 

 the model for the sound power level radiated by duct (or casing) walls referred to as Lw out  is selected as shown in the 

table below: 

 

 

 

 
 

5A.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in-out COBON-VCS]  

 

Worksheets 

 
Regarding the COmputation of Break-Out Noise of ductcs with a Variable Cross Section, the software SILDIS is configurated in 

order to allow the user to access to 1 worksheet only, referred to as in-out COBON-VCS. 

 

Worksheet Suitable for  mountings Input data Results 

[in-out COBON-VCS] 
duct or silencer casing with 

rectangular cross section 

for duct or silencer casing: dimensions 

(for all models: longitudinal sound 

attenuation as well) 

indicators of performance 

(acoustics) 

 
Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COBON-VCS] 

 
o Input data : 

Item 
Cell for 
input 

Foreseen action Comment 

duct width B (m) C22 Input a positive real  

duct height at inlet Hin (m) G22 Input a positive real  

duct height at outlet Hout 

(m) 
G23 Input a positive real  

duct section length L (m) G25 Input a positive real  

model C28 
Select a model (in the 

proposed list)  
 

distance from duct section x 

(m) 
G30 Input a positive real  

measurement area at x m 

from duct section Sx (m2) 
G31 Input a positive real  

R (dB) 
C36 to 

L36 
Input a positive real Duct sound reduction index R 

Di (dB) 
C41 to 

L41 
Input a positive real Silencing device insertion loss Di 

Lwi (dB ref. 1pW) 
C46 to 

L46 
Input a positive real Internal sound power level Lwi at duct section inlet 

model 2081 HAN 

source 
[BAQ1] 

[BAQ2] 
[BAQ3] 

something like that *  
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o Main displays of the results : 

 

Tables of results 

 

 sound power level radiated out of the duct (casing) section of interest: see lines 51 to 55 (columns C to N) 

 

Example 5A.4.1 rectangular duct wall  

 

Envisaged application 

 
It is wished to compute the sound power level radiated out of rectangular duct walls. The duct has a width B=1 m [1] a height at inlet 

Hin=1 m [2], a height at outlet Hout=1.5m [3], a length L=1 m [4], with model refered to as 2081 [5], with a sound reduction index of 

31.4 dB[6] The insertion loss of the soundproofing device is 5 dB [7], unsilenced sound power spectrum at duct section inlet being 

145 Db [ 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in COBON-VCS]  

 

Item 
Cell 
for 

input 

Foreseen action 
 

Input See pacemark / Comment 

duct width B (m) C22 
Input a positive 

real 

1 
[1] 

duct height at inlet 

Hin (m) 
G22 

Input a positive 

real 

1 
[2] 

duct height at 

outlet Hout (m) 
G23 

Input a positive 

real 

1.5 
[3] 

duct section 

length L (m) 
G25 

Input a positive 

real 

1 
[4] 

model C28 

Select a model 

(in the proposed 

list)  

2081 

[5] 

R (dB) 
C36 to 

L36 

Input a positive 

real 

31.4 
Duct sound reduction index R [6] 

Di (dB) 
C41 to 

L41 

Input a positive 

real 

5 
Silencing device insertion loss Di [7] 

Lwi (dB ref. 1pW) 
C46 to 

L46 

Input a positive 

real 

145 Internal sound power level Lwi at 

duct section inlet  [8] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        283/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COBON-VCS]  
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Appendix to Section 5A: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2,3 and 4 
 

Lwi: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the duct (casing) section of 

interest 

 
Casing 

 

B: duct width (m) 

Hin: duct height at inlet (m) 

Hout: duct height at outlet (m) 

L: duct section length (m) 

R: sound transmission loss of the duct wall (casing) (dB) 

Lw out: sound power level radiated by duct (casing) walls (dB ref. 1pW) 
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Section 6: computation of bends 
(MODULE 6 of the software) 

 
6.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition (cf. section 1, section 2, cf. section 3,  cf. section 4, cf. section 5, cf. section 6)  

 

Mountings and geometry 

 
The geometry used for the computation of bends is as follows: 

 

inlet cross section outlet cross section 

rectangular rectangular 

circular circular 

rectangular circular 

 

6.2: Scientific and technical background 
 

The prediction of acoustic performances of bends with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

6.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

6.2.2 Acoustics:  

 

• Bloc diagram on fig 6.1 below  
 

  
 

 
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [AW] to [AY] have been taken into account 

for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has 

been omitted for the sake of simplicity  

 

 

 

 

 

Fig. 6.1 
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• Steps of the computation 

 

Step [AW] 
 

This step aims at calculating the insertion loss without self noise of bends 

 

o Bibliography (references) : 

 

[AW1] 

- 

 

[AW2]  

[AW3]  

[AW4]  

 

o Comments : 

 

 when used, the cut off frequency for the first higher mode fco is computed depending on the speed of sound c, the 

Mach number in the airways M, and the geometry of the duct, according to various models as shown in the table 

below: 

 

 

 

 

 

 

 when used, the model of  90° bend (type) is selected among various models as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 

Step [AX] 
 

This step aims at calculating the self noise of bends 

 

o Bibliography (references) : 

 

[AX1] 

- 

 

[AX2]  

[AX3]  

[AX4]  

 

o Comments : 

 

 the self noise  is computed  according to various models as shown in the table below: 

 

 

 

 

 

 

Step [AY] 
 

This step aims at calculating the insertion loss of the bend including its self noise.  

 

o Bibliography (references) : 

 

[AY1] 

- 

 

 

 

 

model HAN MUN 

source [AW1] [AW2] 

model SH-ED SH-ED+TV BE-RA 

source [AW3] [AW3] [AW3] 

comment 
SHarp-

EDged 

SHarp-

Edged 

withTurning 

Vanes 

with BEnd-

RAdius 

model HAN 2081 SMA 

source [AX1] [AX3] [AX4] 
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o Comments : 

 

The sound power level downstream of the bend including self noise (Lw1 in dB ref 1E-12W) is basically computed at 

frequency steps of 1/1 octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   
 

Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

 

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular ducts, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and 

total pressure loss (2004). 

 

6.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37, W38 

 

Worksheets 

 
Regarding the COmputation of BENDs, the software SILDIS is configurated in order to allow the user to access to various 

worksheets being  linked as shown in fig. 6.2 (the overview of the worksheets being shown in table below). 

 

  
 

Note: temperature and pressure conditions as well as reference spectrum one should enter in worksheet in COALA 

 

Worksheet Suitable for  mountings Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in-out COBEND] COmputation of BENDs for bend: dimensions, flow rate indicators of performance (acoustics) 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

 

 

 

 

 

 

 

 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

something like that *  

Fig. 6.2 
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Worksheet [in-out COBEND] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

mass flow rate Qm (kg/s) I5 Input a real  

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
 

model of 90° bend (type) S5 
Select a model  (in the 

proposed list) 
 

adimensional bend radius X5 Input a positive real  

model of self noise AC5 
Select a model  (in the 

proposed list) 
 

 

Only in case of rectangular inlet cross section & rectangular outlet cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

biggest dimension a1 (m) H23 Input a positive real  

smallest dimension b1 (m H24 Input a positive real  

biggest dimension a2 (m) P23 Input a positive real  

smallest dimension b2 (m) P24 Input a positive real  

 

Only in case of circular cross section   

 

Item 
Cell for 

input 
Foreseen action Comment 

diameter D (m) P47 Input a positive real  

 

Only in case of rectangular inlet cross section & circular outlet cross section  

 

Item 
Cell for 

input 
Foreseen action Comment 

biggest dimension a1 (m) H23 Input a positive real  

smallest dimension b1 (m) H24 Input a positive real  

diameter D (m) P47 Input a positive real  

 

o Main displays of the results : 

 

Tables of results in case of rectangular inlet cross section & rectangular outlet cross section  
 

 insertion loss without self noise Di’: see lines 21 to 24 (columns S to AD) 

 

 self noise Lw: see lines 26 to 30 (columns S to AD) 

 

 sound power level downstream of bend: see lines 32 to 36 (columns S to AD) 

 

 insertion loss with self noise Di: see lines 38 to 41 (columns S to AD) 

 

Tables of results in case of circular cross section  

 

 insertion loss without self noise Di’: see lines 44 to 47 (columns S to AD) 

 

 self noise Lw: see lines 49 to 53 (columns S to AD) 

 

 sound power level downstream of bend: see lines 55 to 59 (columns S to AD) 

 

 insertion loss with self noise Di: see lines 61 to 64 (columns S to AD) 

 

Tables of results in case of rectangular inlet cross section & circular outlet cross section  
 

 insertion loss without self noise Di’: see lines 67 to 70 (columns S to AD) 

 

 self noise Lw: see lines 72 to 76 (columns S to AD) 

 

 sound power level downstream of bend: see lines 78 to 82 (columns S to AD) 

 insertion loss with self noise Di: see lines 84 to 87 (columns S to AD) 
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6.4: Examples of computation with SILDIS 
 

Example 6.4.1 circular bend 

 

Envisaged application 

 
It is wished to compute the acoustic performance of a circular bend for room conditions: temperature 17°C [1], pressure 1E5 Pa [2].  

The sound power spectrum upstream of bend is as shown in the table below [3]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw0 (dB 

ref 1pW) 

73.3 60.6 45.0 41.1 37.0 34.7 37.4 32.5 

The flow rate is 1400 m3/h [4]. Model of cut-off frequency fco not accounting flow speed is selected [5]. Bend radius is considered 

[6], adimensional bending ratio being 0.15 [7]. Regarding models of computation: the procedures basing the model referred to as 

2081 are selected [8]. The duct is with a diameter D=250mm [9].  

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

73.3 ; 60.6 ; 45.0 ; 41.1 ; 

37.0 ; 34.7 ; 37.4 ; 32.5 
[3] 

 

Worksheet [in-out COBEND] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

mass flow rate Qm (kg/s) I5 Input a real =1400/3600*I10 [4] 

model of cut-off frequency 

fco 
N5 

Select a model  (in the 

proposed list) 
HAN 

[5] 

model of 90° bend (type) S5 
Select a model  (in the 

proposed list) 
BE-RA 

[6] 

adimensional bend radius X5 Input a positive real 0.15 [7] 

model of self noise AC5 
Select a model  (in the 

proposed list) 
2081 

[8] 

 

Only in case of circular cross section   
 

Item 
Cell for 
input 

Foreseen action Input 
See placemark / 

comment 

diameter D (m) P47 Input a positive real 0.25                 [9] 
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Screenshots of the worksheets (for the example of computation) 
 

Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out COBEND]  
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Appendix to Section 6: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2,3,4,5 
 

Bend 
 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the bend 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) i.e. in the exit plane of the bend 
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Section 7: computation of nozzle reflection 
(MODULE 7 of the software) 

 
7.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition  

 

Mountings and geometry 

 
The geometry used for the computation of bends is as follows: rectangular or circular 

 

7.2: Scientific and technical background 
 

The prediction of acoustic performances of bends with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

7.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

7.2.2 Acoustics:  

 

• Bloc diagram on fig 7.1 below  

  
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [AW] to [AY] have been taken into account 

for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency dependence has 

been omitted for the sake of simplicity  

 

• Steps of the computation 

 

Step [AZ] 
 

This step aims at calculating the insertion loss without self noise  

 

o Bibliography (references) : 

 

[AZ1]  

[AZ2]  

 

 

 

 

Fig. 7.1 
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o Comments : 

 

 the insertion loss is computed according to various models as shown in the table below: 

 

 

 

 

 

 

Step [AAA] 
 

This step aims at calculating the self noise  
 

o Bibliography (references) : 

 

No particular bibliography applicable 

 

o Comments : 

 

 the self noise  is assumed to be negligible: 

 
Step [AAB] 

 

This step aims at calculating the insertion loss including self noise.  

 

o Bibliography (references) : 

 

[AAB1] 

- 

 

 

o Comments : 

 

The sound power level including self noise (Lw1 in dB ref 1E-12W) is basically computed at frequency steps of 1/1 

octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   

 
Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

 

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular ducts, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and 

total pressure loss (2004). 

 

7.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37, W38 

 

Worksheets 

 
Regarding the COmputation of NOZzle reflections, the software SILDIS is configurated in order to allow the user to access to 

various worksheets being  linked as shown in fig. 7.2 (the overview of the worksheets being shown in table below). 

  

model 2081 ISO 

source [AZ1] [AZ2] 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

something like that *  

Fig. 7.2 
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Note: temperature and pressure conditions as well as reference spectrum one should enter in worksheet in COALA 

 

Worksheet Suitable for  mountings Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in-out CONOZ] 
COmputation of NOZzle 

reflection 
dimensions indicators of performance (acoustics) 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out CONOZ] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

mass flow rate Qm (kg/s) I5 Input a real  

model of cut-off frequency 

fco 
P5 

Select a model  (in the 

proposed list) 
 

model of reflection loss V5 
Select a model  (in the 

proposed list) 
 

Solid angle factor P7 Input a positive real  

 

Only in case of rectangular cross section  
 

Item 
Cell for 
input 

Foreseen action Comment 

biggest dimension a (m) P23 Input a positive real  

smallest dimension b (m P24 Input a positive real  

 

Only in case of circular cross section   
 

Item 
Cell for 
input 

Foreseen action Comment 

diameter D (m) P47 Input a positive real  

 

o Main displays of the results : 

 

Tables of results in case of rectangular inlet cross section & rectangular outlet cross section  
 

 insertion loss without self noise Di’: see lines 21 to 24 (columns S to AD) 

 

 self noise Lw: see lines 26 to 30 (columns S to AD) 

 

 sound power level downtream: see lines 32 to 36 (columns S to AD) 

 

 insertion loss with self noise Di: see lines 38 to 41 (columns S to AD) 

 

Tables of results in case of circular cross section  

 

 insertion loss without self noise Di’: see lines 44 to 47 (columns S to AD) 

 

 self noise Lw: see lines 49 to 53 (columns S to AD) 

 

 sound power level downstream: see lines 55 to 59 (columns S to AD) 

 

 insertion loss with self noise Di: see lines 61 to 64 (columns S to AD) 
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7.4: Examples of computation with SILDIS 
 

Example 7.4.1 circular mouth 

 

Envisaged application 

 
It is wished to compute the reflection loss of a circular mouth for room conditions: temperature 14.1°C [1], pressure 1E5 Pa [2] with 

the methodology corresponding to the so called model 2081 [3]. The considered solid angle factor is 2 [4]. The considered diameter 

of the mouth is 0.2 m [5]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 14.1 [1] 

Pressure D7 Input a real positive number 100000 [2] 

 

Worksheet [in-out CONOZ] 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

mass flow rate Qm 

(kg/s) 
I5 Input a real 

- 
 

model of cut-off 

frequency fco 
P5 

Select a model  (in the 

proposed list) 

- 
 

model of reflection 

loss 
V5 

Select a model  (in the 

proposed list) 
2081 [3] 

Solid angle factor P7 Input a positive real 2 [4] 

 

Only in case of circular cross section   

 

Item 
Cell for 

input 
Foreseen action Input 

See placemark / 

comment 

diameter D (m) P47 Input a positive real 0.2 [5] 
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Screenshots of the worksheets (for the example of computation) 

 
Screenshot of worksheet [in-out COALA]  
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Screenshot of worksheet [in-out CONOZ]  
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Appendix to Section 7: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2,3,4,5, 6 
 

Mouth 
 

Lw0: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the bend 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) i.e. in the exit plane of the bend 
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Section 8: computation of sound impact of a duct system  
(MODULE 8 of the software) 

 
8.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

No particular term or definition (cf. section 1, section 2, cf. section 3,  cf. section 4, cf. section 5, cf. section 6)  

 

Mountings and geometry 

 
The geometry used for the computation of impact of a duct system is as follows (for each component): 

 

inlet cross section outlet cross section 

rectangular rectangular 

circular circular 

rectangular circular 

 

8.2: Scientific and technical background 
 

The prediction of sound impact of  a duct system with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the properties of materials and various physical phenomena useful on the 

occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

The obtained results are not comparable with standardized measurement due to the lack of such documents. 

 

8.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8.2.2 Acoustics regarding the longitudinal noise propagation i.e. for the computation of the sound power 

level downstream of the duct system:  

 

• Bloc diagram on fig 8.1 below  (this bloc diagram is used within a waterfall computation for all the components of the 

system, referred to as C1 to C10) 
 

  
 

                                [C1] [C2] [C3] [C4] [C5] [C6] [C7] [C8] [C9] [C10]  

 

 
Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [BAA] to [BAC] have been taken into 

account for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency 

Fig. 8.1 

Lw0 Lw1calc 
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dependence has been omitted for the sake of simplicity  

 

• Steps of the computation 

 

Step [BAA]  
 

This step aims at calculating the sound power level downstream of the components (resp. downstream the full duct 

system) as well as insertion loss of each component including its self noise.  

 

o Bibliography (references) : 

 

[BAA1] 

- 

 

 

o Comments : 

 

The sound power level downstream of the component including self noise (Lw1 in dB ref 1E-12W) is basically computed 

at frequency steps of 1/1 octave (in reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Lw1 = 10 * log [10^ (0.1 * (Lw0 – Di’)) + 10^ (0.1 * Lw)]   

 
Lw being the self noise (acoustic power of flow noise in dB ref 1E-12W)  

 

The insertion loss taking into account the self noise (Di in dB) is basically computed at frequency steps of 1/1 octave (in 

reference to a reference acoustic power spectrum Lw0 ref 1E-12W). 

 

Di = Lw0 – Lw1 

 

In case of rectangular ducts, the obtained results are comparable with the standardized measurement: see NF EN ISO 7235 

Acoustics - Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and 

total pressure loss (2004). 

 

Step [BAB]  
 

This step aims at calculating the sound pressure level downstream at the specified distance of the duct system  

 

o Bibliography (references) : 

 

[BAB1] 

- 

 

 

o Comments : 

 

The sound pressure level downstream of the full duct system at a specified distance (Lp1calc in dB ref 120µPa) is 

basically computed at frequency steps of 1/1 octave as 

 

Lp1calc  = Lw1calc  + ( Lp1calc - Lw1calc - DI) + DI 

 

8.2.3 Acoustics regarding the transverse noise propagation i.e. for the computation of the sound power 

level transmitted by the walls of the duct system:  

 

• Bloc diagram on fig 8.2 below (the components of the system are referred to as C1 to C10) 
 

 

                                [C1] [C2] [C3] [C4] [C5] [C6] [C7] [C8] [C9] [C10]  

 

 

 

 

 
 

 

Note 1:  the service conditions dependence has been omitted for the sake of simplicity. See: report [PhRxx-015x] 

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [AAB] to [AAB] have been taken into 

account for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency 

dependence has been omitted for the sake of simplicity  

 

Fig. 8.2 

Lw0 

Lwoutcal
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• Steps of the computation 
 

Step [BAC]  
 

This step aims at calculating the sound pressure level at a specified distance of the duct system  

 

o Bibliography (references) : 

 

[BAC1] 

- 

 

 

 

o Comments : 

 

The sound pressure level downstream of the full duct system at a specified distance (Lpoutcalc in dB ref 120µPa) is 

basically computed at frequency steps of 1/1 octave as 

 

Lpoutcalc  = Lwoutcalc  + ( Lpoutcalc - Lwoutcalc) 

 

8.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

For safety reasons, some cells of the original file provided to the user (as mentioned in the table below) for which input data are 

foreseen to be entered by the user are pre-filled with the value “1/0”, among the yellow cells for which the color orange is used (*). 

 

Worksheet Cells 

[in COALA] E13, J37, W38 

 

 

 

Worksheets regarding the longitudinal noise propagation i.e. for the computation of the sound power level 

downstream of the duct system 

 
Regarding the computation of  the Impact of a Duct System, the software SILDIS  is configurated in order to allow the user to access 

to various worksheets being  linked as shown in fig. 8.3 (the overview of the worksheets being shown in table below). 

 

 

 
Note: temperature and pressure conditions as well as reference spectrum one should enter in worksheet in COALA 

 

 

 

 

** attention has to be paid to the fact that the considered 

sheet is not included in the worksheets listed below  

something like that *  

Fig. IDS.3 
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Worksheet Suitable for  mountings Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in CODIS] all 
particular conditions for the design of 

the silencer 
-- 

[in-out CODIS1] R, R’’, C1, C2 

condition of propagation (of sound) 
indicators of performance (acoustics 

& Aerodynamics) 

[in-out CODIS2 Q, C0 

[in-out CORESPTL] RPTR, RPTR’’ 

[in-out CORESPTR] RPTL, RPTL’’ 

[in-out COSTDU] all for duct: dimensions, flow rate  

[in-out COBEND] all for bend: dimensions, flow rate indicators of performance (acoustics 

[in-out CONOZ] all for duct: dimensions indicators of performance (acoustics) 

 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out IDS] page 1 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Noise source L3 Input a string  

Configuration L5 Input a string  

GSA (*) type L7 Input a string 
* GSA = General Silencing Arrangement. Cf. 

appendix GSAC-EX 

Component 
C25 to 

C34 
Input a string  

Matrix 
D25 to 

D34 

Select a model  (in the 

proposed list) 
 

Lw1ref (dB ref. 1pW) 
E88 to 

O88 
Input a real 

If no input in N88 (resp. O88), displayed value is 

computed from 1/1 octave bends input data  

Directivity index (dB) 
E95 to 

M95 
Input a real  

Lp1calc-Lw1calc-DI (dB) N97 Input a real  

Lp1ref (dB ref. 1pW) 
E107 to 

O107 
Input a real 

If no input in N107 (resp. O107), displayed value is 

computed from 1/1 octave bends input data  

Comments 
C113 to 

C122 
Input a string  

 

In case of use of models BYO17 to BYO19 only 
 

Item 
Cell for 
input 

Foreseen action Comment 

Insertion loss without flow 

noise (dB) 

E135 to 

M137 
Input a real Bring Your Own input data 

Flow noise (dB) 
E142 to 

M144 
Input a real Bring Your Own input data 

 

o Main displays of the results : 

 

Tables of results for components  

 

 sound power level downstream of components Lw1: see lines 50 to 62 (columns B to O) 

 insertion loss with self noise Di: see lines 64 to 76 (columns B to O) 
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Tables of results for full duct system   

 

 sound power level downstream of duct system Lw1calc: see lines 78 to 82 (columns B to O) 

 

 sound pressure level downstream of duct system Lp1calc at a specified distance: see lines 97 to 101 (columns B 

to O)  

 

Worksheets regarding the transverse noise propagation i.e. for the computation of the sound power level 

transmitted by the walls of the duct system 

 
Regarding the computation of  IMPACT, the software SILDIS  is configurated in order to allow the user to access to various 

worksheets being  linked as shown in fig. IDS.4 (the overview of the worksheets being shown in table below). 

 

 
 

Note: temperature and pressure conditions as well as reference spectrum one should enter in worksheet in COALA 

 

Worksheet Suitable for  mountings Input data Results 

[in COALA] all for sets, for reference spectrum -- 

[in COBON] all 
for dimensions, for models of 

computation 
-- 

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out IDS] page 1 

 
o Input data : 

 

Item 
Cell for 

input 
Foreseen action Comment 

Sound power level radiated 

by components walls 

U17 to 

AC26 
Enter a real  

Lwoutref (dB ref. 1pW) 
U38 to 

AE38 
Input a real 

If no input in AD38 (resp. AE38), displayed value is 

computed from 1/1 octave bends input data  

Lpoutcalc - Lwoutcalc (dB) 
U45 to 

U54 
Input a real  

Lpoutref (dB  ref. 20μPa) 
U88 to 

AE88 
Input a real 

If no input in AD88 (resp. AE88), displayed value is 

computed from 1/1 octave bends input data  

Comments 
T113 to 

T122 
Input a string  

 

o Main displays of the results : 

 

Tables of results for components  

 

 sound pressure level at a specified distance Lpoutcalc: see lines 56 to 68 (columns S to AE) 

 

Tables of results for full duct system   
 

 sound power level radiated by components walls Lwoutcalc: see lines 28 to 32 (columns S to AE) 

 
 

 

Fig. IDS.4 
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8.4: Examples of computation with SILDIS 
 

Example 8.4.1 cylindrical attenuator without core + bend + (straight) duct , the acoustic performance of 

each component being predetermined  

 

Envisaged application 

 
It is wished to compute for room (temperature 17°C [1], pressure 1E5 Pa [2]) the acoustic performance of a duct system made of: 

 

- a cylindrical attenuator without core  

 

The insertion loss without flow noise Di’ is as shown in the table below [3]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Di’(dB ) 2 4 8 16 31 22 12 11 

 

The flow noise Lw is assumed to be negligible [4]. 

 

Note: the performance of this silencer may have been simulated with SILDIS. If so, performance would be displayed in worksheet 

referred to as [in-out CODIS2]  

 

- a bend   

 

The insertion loss without flow noise Di’ is as shown in the table below [5]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Di’(dB ) 0 0 0 1 2 3 3 3 

 

The flow noise  Lw is as shown in the table below [6] 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw (dB 

ref.1pW ) 

26.9 23.0 18.1 12.5 6.5 -0.1 -7.0 -14.4 

 

Note: the performance of this bend may have been simulated with SILDIS. If so, performance would be displayed in worksheet referred 

to as [in-out COBEND]  

 

- a (straight) duct   
 

The insertion loss without flow noise Di’ is as shown in the table below [7]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Di’(dB ) 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.3 

 

The flow noise Lw is assumed to be negligible [8]. 

 

Note: the performance of this duct may have been simulated with SILDIS. If so, performance would be displayed in worksheet referred 

to as [in-out COBEND]  

 

The sound power spectrum upstream of the duct system is as shown in the table below [9]. 

 

F(Hz) 63 125 250 500 1000 2000 4000 8000 

Lw0 (dB 

ref 1pW) 

64.7 51.1 38.6 31.5 26.1 20.4 22.9 24.9 

 

The acoustic performance of each component is predetermined and referred to as BYO17 [10], BYO18 [11], BYO19 [12] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in COALA]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature D6 Input a real number 17 [1] 

Pressure D7 
Input a real positive 

number 
100000 [2] 

Reference acoustic power 

spectrum 

D65 to 

K65 
Input numbers 

64.7 ; 51.1 ; 38.6 ; 31.5 

26.1 ; 20.4 ; 22.9 ; 24.9 
[9] 

 

Worksheet [in-out IDS] page 1 

 

Item 
Cell for 
input 

Foreseen action  Input 
See placemark / 

comment 

Noise source L3 Input a string -  

Configuration L5 Input a string -  

GSA (*) type L7 Input a string -  

Component 
C25 to 

C27 
Input a string 

cylindrical attenuator 

without core resp. bend 

resp. (straight) duct  

 

Matrix 
D25 to 

D27 

Select a model  (in the 

proposed list) 
BYO17 resp. BYO18 

resp. BYO19 

[10],[11],[12] if not 

predetermined, but 

computed with SILDIS, 

the selection should have 

been CODIS2 resp. 

COBEND resp. 

COSTDU  

Lw1ref (dB ref. 1pW) 
E88 to 

O88 
Input a real -  

Directivity index (dB) 
E95 to 

M95 
Input a real -  

Lp1calc-Lw1calc-DI (dB) N97 Input a real -  

Lp1ref (dB ref. 1pW) 
E107 to 

O107 
Input a real -  

Comments 
C113 to 

C122 
Input a string -  

 

In case of use of models BYO17 to BYO19 only 

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Insertion loss without flow 

noise (dB) 

E135 to 

M137 
Input a real 

2 ; 4 ; 8 ; 16 ; 31 ; 22 ; 12 

; 11 resp. 0 ; 0 ; 0 ; 1 ; 2 ; 

3 ; 3 ;3 resp.0.1 ; 0.1 ; 0.2 

; 0.2 ; 0.3 ; 0.3 ; 0.3 ; 0.3  

[3] resp. [5] resp. [7] 

Flow noise (dB) 
E142 to 

M144 
Input a real 

-200 ; -200 ; -200 ; -200 ; 

-200 ; -200 ; -200 ; -200 

resp. 26.9 ; 23.0 ; 18.1 ; 

12.5 ; 6.5 ; -0.1 ; -7.0 ; -

14.4 resp. -200 ; -200 ; -

200 ; -200 ; -200 ; -200 ; 

-200 ; -200 

[4] resp. [6] resp. [8] 
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Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in COALA]  
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Worksheet [in-out IDS] page 1 
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Appendix to Section 8: list of symbols  
 

General 

 

Cf. corresponding § in Section 1,2,3,4 
 

Duct system 
 

Lp1calc: sound pressure level with soundproofing equipment downstream of the duct system (dB ref. 1pW) i.e. at a specified 

distance from the exit plane of the duct system: calculated with SILDIS 

Lp1ref: sound pressure level with soundproofing equipment downstream of the duct system (dB ref. 1pW) i.e. at a specified distance 

from the exit plane of the duct system: reference = target, imposed limit, etc… 

 
Lw0: sound power level without soundproofing equipment (dB ref. 1pW) i.e. in the entrance plane of the component 

Lw1: sound power level with soundproofing equipment (dB ref. 1pW) i.e. in the exit plane of the component 

Lw1calc: sound power level with soundproofing equipment downstream of the duct system (dB ref. 1pW) i.e. in the exit plane of the 

duct system: calculated with SILDIS 

Lw1ref: sound power level with soundproofing equipment downstream of the duct system (dB ref. 1pW) i.e. in the exit plane of the 

duct system: reference = target, imposed limit, etc… 
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Section 8A: prediction of stacks directivity 
(MODULE 8A of the software) 

 
8A.1: Introduction 
 
Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply (cf. NF EN ISO 3745): 

 

Directivity index: parameter reflecting the predominance of the acoustical radiation of a noise source in a given direction 

 

Geometry 

 
The stack geometry is as follows: 

 
 
 
 
 

 

 
 

8A.2: Scientific and technical background 
 
The prediction of stacks directivity with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

For directivity index, the obtained results are comparable with some input data envisaged in standardized calculation: cf. NF EN ISO 

9613-2 Acoustics -- Attenuation of sound during propagation outdoors -- Part 2: General method of calculation (1996)  

 

8A.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8A.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of stacks directivity is not involving  any specific bloc diagram. 

 

• Steps of the computation 

 
Step [a] 

 
Cf. section 1 

 

Step [BAL] 
 

This step aims at calculating the directivity index of the stack 

 

fig.8A.1 

θ 

2a 
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o Bibliography (references) : 

 

[BAL1] 

- 

 

 

o Comments : 

 

 the directivity index of the stacks is accounted as shown in the table below: 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

8A.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Directivity Index, the software SILDIS is configurated in order to allow the user to access to 1 

worksheet referred to as “in-out CODI” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out CODI] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

selection of angle model C17 Input a model  

Stack radius a (m) C59 Input a real number  

Speed of sound (m) C61 Input a real number  

 

o Comments :  

 

No comment 

 

 

 

 

model 0° 15° 30° 45° 60° 75° 

source [BAL1] [BAL1] [BAL1] [BAL1] [BAL1] [BAL1] 

Comment Θ=0° Θ=15° Θ=30° Θ=45° Θ=60° Θ=75° 

model 90° 105° 120° 
150°-

180° 
AVG 

source [BAL1] [BAL1] [BAL1] [BAL1] - 

Comment Θ=90° Θ=105° Θ=120° 
Θ=150°-

180° 
DI=0 dB 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        322/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

o Main displays of the results : 

 

Tables of results  

 

 directivity index: see line 80 

 

8A.4: Examples of computation with SILDIS 
 

Example 8A.4.1 exhaust duct with small diameter 

 

Envisaged application 

 
It is wished to compute the directivity index for a directivity angle θ=45° [1] of an exhaust stack (vertical pipe) with a diameter 

2a=0.2m [2], for a speed of sound c=340 m/s [3] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out CODI]  

 

Item 
Cell 
for 

input 

Foreseen action 
 

Input See placemark / comment 

selection of angle 

model) 
C17 Input a model 

45°  
[1] 

Stack radius a (m) C59 
Input a real 

number 

0.1 
 

Speed of sound 

(m) 
C61 

Input a real 

number 

340 
 

 

Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in-out CODI]  
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Appendix to Section 8A: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Stack directivity 
 

a: stack radius 

2a: stack diameter 

 

c: speed of sound 
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Section 8B: simulation of atmospheric absorption 
(MODULE 8B of the software) 

 
8B.1: Introduction 
 
Terms and definitionss 

 
For the needs of the present section of this user’s manual, no special term or definition apply. 

 

Geometry 

 
For the needs of the present section of this user’s manual, no special geometry is considered. 

 

8B.2: Scientific and technical background 

 
The prediction of atmospheric absorption with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

For atmospheric attenuation coefficient, the obtained results are comparable with some input data envisaged in standardized 

calculation: cf. NF EN ISO 9613-2 Acoustics -- Attenuation of sound during propagation outdoors -- Part 2: General method of 

calculation (1996)  

 
8B.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8B.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of atmospheric absorption is not involving any specific bloc diagram. 

 

• Steps of the computation 
 

Step [a] 

 
Cf. section 1 

 

Step [BAM] 
 

This step aims at calculating the directivity index of the stack 

 

o Bibliography (references) : 

 

[BAM1] 

- 

 

 

o Comments : 

 

 no comment 
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8B.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Atmospheric ABsorption, the software SILDIS is configurated in order to allow the user to access to 

1 worksheet referred to as “in-out COATAB” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COATAB] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

ambiant atmospheric 

pressure Pa (Pa) 
C3 Input a real number  

ambiant atmospheric 

temperature t (°C) 
C4 

Input a real number 

 
software validated from -20°C to +50°C 

relative humidity hr (%) C5 
Input a real number 

  
software validated from 10 to 100 

propagation path length s 

(m) 
C66 Input a real number  

initial sound power level 

1/3 octave Lw0 

E76 to 

AH76 
Input a real number  

 

o Comments :  

 

No comment 

 

o Main displays of the results : 

 

Tables of results  
 

 atmospheric attenuation coefficient per 1/3 octave band α (dB/m) see line 63 

 atmospheric attenuation coefficient per 1/3 octave band α (dB/km) see line 64 

 atmospheric attenuation per 1/1 octave band computed for the central frequencies of 1/3 octave bands α*s 

(dB) see line 104 

 atmospheric attenuation coefficient per 1/1 octave band computed for the central frequencies of 1/3 octave 

bands α (dB/m) see line 105 

 atmospheric attenuation coefficient per 1/1 octave band computed for the central frequencies of 1/3 octave 

bands α (dB/m) see line 106 

 atmospheric attenuation per 1/1 octave band computed for the central frequencies of 1/1 octave bands α*s 

(dB) see line 122 

 atmospheric attenuation coefficient per 1/1 octave band computed for the central frequencies of 1/1 octave 
bands α (dB/m) see line 123 

 atmospheric attenuation coefficient per 1/1 octave band computed for the central frequencies of 1/1 octave 
bands α (dB/m) see line 124 
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8B.4: Examples of computation with SILDIS 
 

Example 8B.4.1 propagation outdoor 

 

Envisaged application 

 
It is wished to compute the atmospheric attenuation for an ambiant atmospheric pressure Pa=101325 Pa [1], an ambiant atmospheric 

temperature t=15°C [2], a relative humidity hr=50% [3], for a propagation path length s=485 m [4], with respect to a pink noise 

spectrum [5] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out COATAB]  
 

Item 
Cell 
for 

input 

Foreseen action 
 

Input See placemark / comment 

ambiant 

atmospheric 

pressure Pa (Pa) 

C3 
Input a real 

number 

 

101325 [1] 

ambiant 

atmospheric 

temperature t (°C) 

C4 

Input a real 

number 

 

 

15 [2] 

relative humidity 

hr (%) 
C5 

Input a real 

number 

  

 

50 [3] 

Propagation path 

length s (m) 
C66 

Input a real 

number 

485 
[4] 

initial sound 

power level 1/3 

octave Lw0 

E76 to 

AH76 

Input a real 

number 

 

125.2 [5] 

 

Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in-out COATAB]  
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Appendix to Section 8B: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Atmospheric absorption 
 

hr : relative humidité (%) 
Pa : ambiant atmospheric pressure (Pa) 

s: propagation path length (m) 

t : ambiant atmospheric temperature (°C) 

 
α: atmospheric attenuation coefficient (dB/m or dB/km) 
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Section 8C: prediction of control valves aerodynamic noise 
(MODULE 8C of the software) 

 
8C.1: Introduction 
 
Terms and definitions 

 
For the needs of the present section of this user’s manual, the following term or definition apply: 

 

Control valve: a power operated device which changes the fluid flow rate in a process control system. It consists of a valve 

connected to an actuator that is capable of changing the position of a closure member in the valve in response to a signal from the 

controlling system. 

 
Geometry 

 
For the needs of the present section of this user’s manual, no special geometry is considered. Control valve can be envisaged either 

without attached fittings or with attached fittings (if so: reducer at inlet & increaser at outlet). 

 

Miscellaneous 
 

The module 8C of the software SILDIS aims at predicting the external soundpressure level generated in a control valve and within 

adjacent pipe expanders by the flow of compressible fluids. This method considers only single-phase dry gases and vapours and is 

based on the perfect gas laws. Tentatively, extrapolations to other cases are also envisaged. 

 

8C.2: Scientific and technical background 
 
The prediction of control valves aerodynamic noise with SILDIS is founded on a scientific and technical background in relation 

with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8C.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 
Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8C.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of control valves aerodynamic noise is not involving any specific bloc diagram. 

 

• Steps of the computation 

 

Step [a] 

 
Cf. section 1 

 

Step [BAN] 
 

This step aims at calculating the sound power level & the sound-pressure level at pipe wall 
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o Bibliography (references) : 

 

[BAN1]  

[BAN2] 

- 

 

[BAN3] 

- 

 

[BAN4]  

[BAN5]  

[BAN6] 

- 

 

[BAN7]  

[BAN8]  

[BAN9]  

[BAN10]  

[BAN11]  

[BAN12] 

- 

 

[BAN13] 

- 

 

[BAN14] 

- 

 

[BAN15] 

- 

 

[BAN16]  

[BAN17] 

- 

- 

 

[BAN18] 

- 

 

[BAN19] 

- 

- 

 

[BAN20] 

- 

 

[BAN21] 

- 

 

[BAN22]  

 

o Comments : 

 

 no comment 
 

8C.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of COntrol Valves aerodynamic noise, the software SILDIS is configurated in order to allow the user to 

access to 1 worksheet referred to as “in-out COCOV” being  not linked to worksheets considered in previous sections of this User’s 

Manual   

 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  
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Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COCOV] 

 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with standard trim 

 

Item 
Cell for 
input 

Foreseen action Comment 

Valve inlet absolute 

pressure p1 [or pn] (Pa) 
I11 Input a real number  

Valve outlet absolute 

pressure p2 (Pa)  
I13 Input a real number  

Liquid pressure recovery 

factor of a valve with or 

without attached fittings 

FLp / Fp [or FLpn / Fpn] or 

FL [or FLn] 

I19 Input a real number  

Pressure differential ratio 

factor of a control valve 

with or without attached 

fittings at 

choked flow  xT? 

R35 Input a real number 
Useful for model IEC 2008 only. Not clear if xT or 

xTP one should consider.  

Valve style modifier Fd I88 Input a real number 
Preset value available if Fd is not available as input 

data (caution: requires additional input data) 

(Required) Flow coefficient 

(Kv and Cv) C [or Cn] 
I106, J106 

Input a real number, input 

“Cv” or input ”Kv” 

J106 informs about the parameter considered when 

filling cell I106 

Acoustic power ratio rw L119 Input a real number Useful for model IEC 2000 only 

Valve correction factor for 

acoustical efficiency Aη 
Q120 Input a real number Useful for model IEC 2008 & model IEC 2010 only 

Molecular mass of flowing 

fluid M (kg/kmol) 
I125 Input a real number  

Inlet absolute temperature 

T1 (K) 
I136 Input a real number  

Density of fluid at p1 and 

T1 ρ1 [or ρn] (kg/m3) 
I143 Input a real number 

Preset value available: accounting compressibility at 

p1 and T1 (Z1) 

Specific heat ratio γ1 I150 Input a real number Isentropic exponent may be used 

Mass flow rate m (kg/s) I173 Input a real number  

Strouhal number for peak 

frequency calculation Stp 
Q213 Input a real number Useful for model IEC 2008 & model IEC 2010 only 

Outlet absolute temperature 

T2 (K) 
I305 Input a real number 

The downstream temperature T2 may be determined 

by using thermodynamic isenthalpic 

relationships, provided that the necessary fluid 

properties are known 

Density of fluid at p2 and 

T2 ρ2 (kg/m3) 
I306 Input a real number 

Preset value available: accounting compressibility at 

p2 and T2 (Z2) 

Speed of sound at 

downstream conditions c2 

(m/s) 

I307 Input a real number 
Preset value available: accounting compressibility at 

p2 and T2 (Z2) 

Valve outlet diameter D=d 

(m) 
I311 Input a real number  

Internal downstream pipe 

diameter D2=Di (m) 
I318 Input a real number  

LIM correction i.e. M2 

limited to 0,3 ? (0/1) 
I321 

Input 0 to answer “no”; 

input 1 to answer “yes” 
 

LIM correction i.e. UP 

limited to 0,8 c2 ? (0/1) 
L435 

Input 0 to answer “no”; 

input 1 to answer “yes” 
 

Contraction coefficient for 

valve outlet or expander 

inlet β 

I443 Input a real number  

LIM correction i.e. UR 

limited to c2 ? (0/1) 
L448 

Input 0 to answer “no”; 

input 1 to answer “yes” 
 

PhR correction ? (0/1) W468 
Input 0 to answer “no”; 

input 1 to answer “yes” 

Useful for model IEC 2010 only. When entering 1, ηR 

envisaged in IEC 2010 replaced by ηR envisaged in 

IEC 2000 
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Worksheet [in-out COCOV] (addendum) 

 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with standard trim if Fd is not available as input data 
 

Item 
Cell for 
input 

Foreseen action Comment 

Area of a single flow 

passage  A or An / No (m2) 
D80 Input a real number  

Wetted perimeter of a 

single flow passage lw (m) 
D81 Input a real number  

Number of independent and 

identical flow passages in 

valve trim N0 

D85 Input a real number  

 

Worksheet [in-out COCOV] (addendum) 

 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with standard trim if FLp / Fp or Cv or Kv is not available as 

input data 
 

Item 
Cell for 

input 
Foreseen action Comment 

Liquid pressure recovery 

factor of a valve without 

attached fittings FL 

D15 Input a real number  

Pressure differential ratio 

factor of a control valve 

without attached fittings at 

choked flow  xT 

R33 Input a real number  

model for C I104 Select a model 

MC based on Mass flow rate & Compressibility, MC 

based on Mass flow rate & Density, VN based on 

Volumetric flow rate for Normal conditions, VS based 

on Volumetric flow rate for Standard conditions 

Upstream inside pipe 

diameter D1 (m) 
D154 Input a real number  

Density for normal 

conditions rhoN (kg/m3) 
D171   

Density for standard 

conditions rhoS (kg/m3) 
I171   

 
Worksheet [in-out COCOV] (addendum) 

 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with special trim design 

 

Item 
Cell for 

input 
Foreseen action Comment 

length of a radial flow 

passage l (m) 
I385 Input a real number  

diameter of a flow passage 

d (m) 
I386 Input a real number  

Total flow area of last stage 

of multistage trim with n 

stages at given travel An 

(m2) 

I393 Input a real number  

Flow coefficient for last 

stage of multistage trim 

with n stages Cn 

I397,J397 Input a real number 
J397 informs about the parameter considered when 

filling cell I397 

Valve inlet absolute 

pressure p1 (Pa) 
I403 Input a real number  

Valve outlet absolute 

pressure p2 (Pa) 
I404 Input a real number  

n I423 Input a real number  

Density of fluid at p1 and 

T1 ρ1 (kg/m3) 
H305 Input a real number 

Preset value available: accounting compressibility at 

p1 and T1 (Z1) 
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Worksheet [in-out COCOV] (addendum) 

 
o Input data for model IEC + 

 

Item 
Cell for 

input 
Foreseen action Comment 

Model for everything 

except spectrum 
AD262 Select a model  

Model for spectrum AD263 Select a model  

Model for generated peak 

frequency fp 
AD281 Select a model  

Model for everything 

except spectrum 
AD451 Select a model  

Model for spectrum AD452 Select a model  

Model for generated peak 

frequency fpR 
AD461 Select a model  

 
o Comments : 

 

 the spectrum is accounted as shown in the table below: 

 

 the generated peak frequency is accounted as shown in the table below: 
 

 

 

 

 
 

 

 

 

 

Worksheet [in-out COCOV] (addendum) 
 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with standard trim if Cv or Kv are not available as input data 
 

Item 
Cell for 

input 
Foreseen action Comment 

Model for C (i.e. Cv or Kv) I104 Select a model  

 

 the model for C (i.e. Cv or Kv) is accounted as shown in the table below: 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

model IEC 
IEC-

3RD 
R&W HAN FRA BER-T 

 

BER-C 

TUP 3733 

source [BAN6] [BAN6] 
[BAN14

] 

[BAN21

] 

[BAN16

] 

[BAN20

] 

[BAN20

] 

[BAN18

] 

[BAN22

] 

Comment 

Spectru

m per 

1/1 

octave 

band 

Spectru

m per 

1/3 

octave 

band 

   

For 

turbulent 

flow 

 

For 

choked 

flow 

  

model NAT OCT 

source - - 

Comment NATural 

Rounded 

to 

OCTave 

central 

frequenc

y band 

model MC MD VN VS 

source 
[BAN1] 

[BAN2] 

[BAN1] 

[BAN2] 

[BAN1] 

[BAN2] 

[BAN1] 

[BAN2] 

Comment 

based on 

Mass 

flow rate 

& 

Compres

sibility 

based on 

Mass 

flow rate 

& 

Density 

based on 

Volume 

Flow 

rate for 

Normal 

conditio

ns 

based on 

Volume 

Flow 

rate for 

Normal 

conditio

ns 
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Worksheet [in-out COCOV] (addendum) 

 
o Input data for model VDMA 

 

Item 
Cell for 

input 
Foreseen action Comment 

Valve inlet absolute 

pressure p1 [or pn] (Pa) 
I11 Input a real number  

Valve outlet absolute 

pressure p2 (Pa)  
I13 Input a real number  

Pressure differential ratio 

factor of a control valve 

with or without attached 

fittings at 

choked flow xT? 

R35 Input a real number Not clear if xT or xTP one should consider. 

consideration of a limit for 

this parameter (0/1) 
AK46  “This parameter” is log (1-x)/log (-xcr) 

Molecular mass of flowing 

fluid M (kg/kmol) 
I125 Input a real number  

Inlet absolute temperature 

T1 (K) 
I136 Input a real number  

Density of fluid at p1 and 

T1 ρ1 [or ρn] (kg/m3) 
I143 Input a real number 

Preset value available: accounting compressibility at 

p1 and T1 (Z1) 

Specific heat ratio γ1 I150 Input a real number  

Mass flow rate m (kg/s) I173 Input a real number  

Niveau exponent in der 

Funktionsgleichung von ηG 

G1 

AK199 Input a real number  

Niveau exponent in der 

Funktionsgleichung von ηG 

G2 

AK200 Input a real number  

 

Worksheet [in-out COCOV] (addendum) 
 
o Input data for model C&M 

 

Item 
Cell for 

input 
Foreseen action Comment 

Valve inlet absolute 

pressure p1 [or pn] (Pa) 
I11 Input a real number  

Valve outlet absolute 

pressure p2 (Pa)  
I13 Input a real number  

Molecular mass of flowing 

fluid M (kg/kmol) 
I125 Input a real number  

Inlet absolute temperature 

T1 (K) 
I136 Input a real number  

Mass flow rate m (kg/s) I173 Input a real number  

 

Worksheet [in-out COCOV] 
 

o Main displays of the results for models IEC 2000, IEC 2008, IEC 2010, IEC + : tables of results without noise created 

by outlet flow at expander 
 

 sound power level Lwi (dB ref. 1pW) see line 276 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

o for model IEC +: see column AD 

 

 generated peak frequency fp (Hz) see line 278 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

o for model IEC +: see column AD 

 

 sound power level Lwi(f) (dB ref. 1pW) per 1/1 octave frequency band see lines 283 to 296 
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o for model IEC 2010: see columns V to W 

o for model IEC +: see columns ACI to AD 

 

 internal sound pressure level at pipe wall Lpi (dB ref 20µPa) see line 327 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

 

 internal sound pressure level at pipe wall Lpi (dB ref 20µPa) per 1/1 octave frequency band see lines 328 to 351 

 

o for model IEC 2010: see columns V to W 

 

 Mach number at valve outlet Mo see line 315, column I 

 

o Main displays of the results for models IEC 2000, IEC 2008, IEC 2010, IEC + : tables of results: noise created by 

outlet flow at expander 
 

 sound power level LwiR (dB ref. 1pW) see line 472 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

o for model IEC +: see column AD 

 

 generated peak frequency fpR (Hz) see line 458 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

o for model IEC +: see column AD 

 

 sound power level LwiR(f) (dB ref. 1pW) per 1/1 octave frequency band see lines 476 to 489 

 

o for model IEC 2010: see columns V to W 

o for model IEC +: see columns ACI to AD 

 

 internal sound pressure level at pipe wall LpiR (dB ref 20µPa) see line 518 

 

o for model IEC 2000: see column L 

o for model IEC 2008: see column Q 

o for model IEC 2010: see column W 

 

 internal sound pressure level at pipe wall LpiR (dB ref 20µPa) per 1/1 octave frequency band see lines 520 to 534 

 

o for model IEC 2010: see columns V to W 

 

o Main displays of the results for models IEC 2000, IEC 2008, IEC 2010, IEC + : tables of results: with noise created by 

outlet flow at expander 
 

 sound power level LwiS(f) (dB ref. 1pW) per 1/1 octave frequency band see lines 502 to 515 

 

o for model IEC 2010: see columns V to W 

o for model IEC +: see columns ACI to AD 

 

 internal sound pressure level at pipe wall LpiR (dB ref 20µPa) per 1/1 octave frequency band see lines 535 to 548 

 

o for model IEC 2010: see columns V to W 

 

o Main displays of the results for models IEC 2000, IEC 2008, IEC 2010, IEC + : tables of results: flow parameters 

when not available as input data 

 

 combined liquid pressure recovery factor and piping geometry factor of a control valve with attached fittings FL 

see line 16, see column E 

 

 piping geometry factor see line 17, see column E 

 Reynolds number Rev see line 21, see column D 
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 flow status (turbulent or non-turbulent) see line 21, see column E 

 

 accuracy (reasonable or not reasonable) of prediction see line 22, see column E 

 

 flow parameter (Cv or Kv) see line 105, see column I (cell J106 informs about the parameter considered for cell I105) 

 

o Main displays of the results for model VDMA : tables of results 
 

 sound power level Lwi (dB ref. 1pW) see line 498, see column AK 

 

 sound power level Lwi(f) (dB ref. 1pW) per 1/1 octave frequency band see lines 502 to 515 (bands of central 

frequency 500-8kHz only) 

 

o Main displays of the results for model C&M : tables of results 
 

 sound power level Lwi (dB ref. 1pW) see line 498, see column AQ 

 

8C.4: Examples of computation with SILDIS 
 

Example 8C.4.1 valve operating in regime I (subsonic) 

 

Envisaged application 

 
It is wished to compute (using model IEC 2010) the aerodynamic noise of a control valve, for which process conditions & valve 

parameters are known in a comprehensive way. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in-out COCOV] 

 
o Input data : valves with standard trim 

 

Item 

Cell 

for 
input 

Foreseen action 

 

Input See placemark / comment 

Valve inlet 

absolute pressure 

p1 [or pn] (Pa) 

I11 
Input a real 

number 

 

1E6  

Valve outlet 

absolute pressure 

p2 (Pa)  

I13 
Input a real 

number 

 

7.2E5  

Liquid pressure 

recovery factor of 

a valve with or 

without attached 

fittings FLp / Fp 

[or FLpn / Fpn] or 

FL [or FLn] 

I19 
Input a real 

number 

 

 

0.80487081 

 

Valve style 

modifier Fd 
I88 

Input a real 

number 

 

No input: use of preset value 

Preset value available if Fd is not 

available as input data (caution: 

requires additional input data) 

(Required) Flow 

coefficient (Kv 

and Cv) C [or Cn] 

I106, 

J106 

Input a real 

number, input 

“Cv” or input 

”Kv” 

 

 

90 Cv 

J106 informs about the parameter 

considered when filling cell I106 

Valve correction 

factor for 

acoustical 

efficiency Aη 

Q120 
Input a real 

number 

 

-3.8 Useful for model IEC 2008 & model 

IEC 2010 only 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

I125 
Input a real 

number 

 

19.8  

Inlet absolute 

temperature T1 

(K) 

I136 
Input a real 

number 

 

450  

Compressibilty of 

fluid at upstream 

conditions z1 

I141 
Input a real 

number 

 

1  

Density of fluid at 

p1 and T1 ρ1 [or 

ρn] (kg/m3) 

I143 
Input a real 

number 

 

5.29 No input: use of preset value 
Preset value available: accounting 

compressibility at p1 and T1 (Z1) 

Specific heat ratio 

γ1 
I150 

Input a real 

number 

1.22 
Isentropic exponent may be used 

Mass flow rate m 

(kg/s) 
I173 

Input a real 

number 

2.2 
 

Strouhal number 

for peak 

frequency 

calculation Stp 

Q213 
Input a real 

number 

0.20 

Useful for model IEC 2008 & model 

IEC 2010 only 

Outlet absolute 

temperature T2 

(K) 

I305 
Input a real 

number 

 

 

450 

The downstream temperature T2 

may be determined by using 

thermodynamic isenthalpic 

relationships, provided that the 

necessary fluid properties are known 

Compressibilty of 

fluid at 

downstream 

conditions z2 

I303 
Input a real 

number 

 

1 

 
 

Density of fluid at 

p2 and T2 ρ2 

(kg/m3) 

I306 
Input a real 

number 

 

3.81 No input: use of preset value 
Preset value available: accounting 

compressibility at p2 and T2 (Z2) 

Speed of sound at 

downstream 

conditions c2 

(m/s) 

I307 
Input a real 

number 

 

 

480.1 No input: use of preset value 

Preset value available: accounting 

compressibility at p2 and T2 (Z2) 

Valve outlet 

diameter D=d (m) 
I311 

Input a real 

number 

0.1 
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Internal 

downstream pipe 

diameter D2=Di 

(m) 

I318 
Input a real 

number 

 

0.2031 
 

LIM correction 

i.e. M2 limited to 

0,3 ? (0/1) 

I321 

Input 0 to 

answer “no”; 

input 1 to answer 

“yes” 

 

1 
 

LIM correction 

i.e. UP limited to 

0,8 c2 ? (0/1) 

L435 

Input 0 to 

answer “no”; 

input 1 to answer 

“yes” 

 

1 
 

Contraction 

coefficient for 

valve outlet or 

expander inlet β 

I443 
Input a real 

number 

 

 

0.93 
 

LIM correction 

i.e. UR limited to 

c2 ? (0/1) 

L448 

Input 0 to 

answer “no”; 

input 1 to answer 

“yes” 

 

1 
 

PhR correction ? 

(0/1) 
W468 

Input 0 to 

answer “no”; 

input 1 to answer 

“yes” 

 

1 

Useful for model IEC 2010 only. 

When entering 1, ηR envisaged in 

IEC 2010 replaced by ηR envisaged 

in IEC 2000 

 

Worksheet [in-out COCOV] (addendum) 

 
o Input data for model IEC 2000, IEC 2008, IEC 2010: valves with standard trim if Fd is not available as input data 
 

Item 

Cell 

for 
input 

Foreseen action 

 

Input See placemark / comment 

Area of a single 

flow passage  A or 

An / No (m2) 

D80 
Input a real 

number 

 

1.37E-3  

Wetted perimeter 

of a single flow 

passage lw (m) 

D81 
Input a real 

number 

 

1.81E-1  

Number of 

independent and 

identical flow 

passages in valve 

trim N0 

D85 
Input a real 

number 

 

 

6  
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Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in-out COVAN] screenshot limited to Lwi, as LwiR negligible 
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Appendix to Section 8C: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Valves aerodynamic noise 
 

A: Area of a single flow passage (m2) 

Aη: Valve correction factor for acoustical efficiency (Dimensionless) 

An :Total flow area of last stage of multistage trim with n stages at given travel (m2) 

C :Flow coefficient (Kv and Cv) (Various units) 

ca :External speed of sound (dry air at standard conditions = 343 m/s) (m/s) 

Cn :Flow coefficient for last stage of multistage trim with n stages (Various units) 

cs :Speed of sound of the pipe (for steel = 5 000 m/s) (m/s) 

cvc: Speed of sound in the vena contracta at subsonic flow conditions (m/s) 

cvcc: Speed of sound in the vena contracta at critical flow conditions (m/s) 

c2 :Speed of sound at downstream conditions (m/s) 

D :Valve outlet diameter (m) 

d :Diameter of a flow passage (m) 

dH: Hydraulic diameter of a single flow passage (m) 

di :Smaller of valve outlet or expander inlet internal diameters (m) 

Di :Internal downstream pipe diameter (m) 

Dj :Jet diameter at the vena contracta (m) 

do :Diameter of a circular orifice, the area of which equals the sum of areas of all flow passages at a given travel (m) 

Fd :Valve style modifier (Dimensionless) 

FL :Liquid pressure recovery factor of a valve without attached fittings (Dimensionless) 

FLn: Liquid pressure recovery factor of last stage of low noise trim (Dimensionless) 

FLP :Combined liquid pressure recovery factor and piping geometry factor of a control valve with attached fittings (Dimensionless) 

Fp :Piping geometry factor (Dimensionless) 

Fk :Specific heat ratio factor (Dimensionless) 

fg :External coincidence frequency (Hz) 

fo :Internal coincidence pipe frequency (Hz) 

fp :Generated peak frequency (Hz) 

fpR: Generated peak frequency in valve outlet or reduced diameter of expander (Hz) 

fr :Ring frequency (Hz) 

fs :Structural loss factor reference frequency = 1 Hz (Hz) 

Fγ :Specific heat ratio factor (Dimensionless) 

Gx, Gy :Frequency factors (Dimensionless) 

l :Length of a radial flow passage (m) 

lw: Wetted perimeter of a single flow passage (m) 

Lg :Correction for Mach number (dB ref Po) 

Lpe,1m (f) :Frequency-dependent external sound-pressure level 1 m from pipe wall (dB ref Po) 

LpAe,1m :A-weighted overall sound-pressure level 1 m from pipe wall (dB(A) ref Po) 

Lpi :Overall Internal sound-pressure level at pipe wall (dB ref Po) 

Lpi (f) :Frequency-dependent internal sound-pressure level at pipe wall (dB ref Po) 

LpiR :Overall Internal sound-pressure level at pipe wall for noise created by outlet flow in expander (dB ref Po) 

LpiR (f) :Frequency-dependent internal sound-pressure level at pipe wall for noise created by outlet flow in expander (dB ref Po) 

LpiS (f) :Combined internal frequency-dependent sound-pressure at the pipe wall, caused by the valve trim and expander (dB ref Po) 

Lwi :Total internal sound power level (dB ref Wo) 

M :Molecular mass of flowing fluid (kg/kmol) 

Mj :Freely expanded jet Mach number in regimes II to IV (Dimensionless) 

Mjn :Freely expanded jet Mach number of last stage in multistage valve with n stages (Dimensionless) 

Mj5 :Freely expanded jet Mach number in regime V (Dimensionless) 

Mo :Mach number at valve outlet (Dimensionless) 

MR :Mach number in the entrance to expander (Dimensionless) 

Mvc :Mach number at the vena contracta (Dimensionless) 

M2 :Mach number in downstream pipe (Dimensionless) 

m :Mass flow rate (kg/s) 

N :Numerical constants (Various units) 

no :Number of independent and identical flow passages in valve trim (Dimensionless) 

pa :Actual atmospheric pressure outside pipe (Pa) 

pn :Absolute stagnation pressure at inlet of the last stage of multistage valve with n stages (Pa) 

Po :Reference sound pressure = 2E-5 Pa 

Ps :Standard atmospheric pressure (Pa) 

pvc :Absolute vena contracta pressure at subsonic flow conditions (Pa) 

p1 :Valve inlet absolute pressure (Pa) 

p2 :Valve outlet absolute pressure (Pa) 

R :Universal gas constant = 8 314 J/kmol ´ K 

St :Strouhal number for peak frequency calculation (Dimensionless) 
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Tn :Inlet absolute temperature at last stage of multistage valve with n stages (K) 

Tvc: Vena contracta absolute temperature at subsonic flow conditions (K) 

Tvcc: Vena contracta absolute temperature at critical flow conditions (K) 

T1 :Inlet absolute temperature (K) 

T2 :Outlet absolute temperature (K) 

TL(f) :Frequency-dependent transmission loss (dB) 

ts :Pipe wall thickness (m) 

Up :Gas velocity in downstream pipe (m/s) 

UR :Gas velocity in the inlet of diameter expander (m/s) 

Wa :Sound power for noise crated by valve flow and propagating downstream (W) 

WaR: Sound power for noise generated by the outlet flow and propagating downstream (W) 

Wm :Stream power of mass flow (W) 

Wms: Stream power of mass flow rate at sonic velocity (W) 

WmR: Converted stream power in the expander (W) 

Wo :Reference sound power = 1E-12 W 

x :Differential pressure ratio (Dimensionless) 

xvcc: Vena contracta differential pressure ratio at critical flow conditions (Dimensionless) 

xB :Differential pressure ratio at break point (Dimensionless) 

xC :Differential pressure ratio at critical flow conditions (Dimensionless) 

xCE: Differential pressure ratio where region of constant acoustical efficiency begins (Dimensionless) 

xT Pressure differential ratio factor of a control valve without attached fittings at choked flow 

α :Recovery correction factor (Dimensionless) 

β :Contraction coefficient for valve outlet or expander inlet (Dimensionless) 

γ :Specific heat ratio (Dimensionless) 

ΔLA(f) :A-Weighting correction based on frequency (dB) 

ΔTL :Damping factor for transmission loss (dB) 

η :Acoustical efficiency factor for noise created by valve flow (Dimensionless 

ηR :Acoustical efficiency factor for noise created by outlet flow in expander (Dimensionless) 

ηs(f) :Frequency-dependent structural loss factor (Dimensionless) 

ρ1 :Density of fluid at p1 and T1 (kg/m3) 

ρ2 :Density of fluid at p2 and T2 (kg/m3) 

ρn :Density of fluid at last stage of multistage valve with n stages at pn and Tn (kg/m3) 

ρs :Density of the pipe (kg/m3) 

ϕ :Relative flow coefficient (Dimensionless) 

 

Subscripts 

 

e Denotes external 

i Denotes internal or used as an index for the frequency band number 

n Denotes last stage of trim 

p Denotes peak 

R Denotes conditions in downstream pipe or pipe expander 
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Section 8D: prediction of safety valves & jet noise (MODULE 
8D of the software) 

 
8D.1: Introduction 
 
Terms and definitions 

 
For the needs of the present section of this user’s manual, the following term or definition apply: 

 

Jet: a fluid flow either at exit of a piping system discharge) or between upstream & downstream of a safety valve:  

 

o safety valves & jet without diffuser 

o diffuser jet 

 

Geometry 

 
For the needs of the present section of this user’s manual, no special geometry is considered, except in case of a diffuser jet: drilled  

area can be either circular or cylindrical. 

 

Miscellaneous 
 

The module 8D of the software SILDIS aims at predicting the sound levels generated by the flow of compressible fluids. This 

method considers only single-phase dry gases and vapours and is based on the perfect gas laws. Tentatively, extrapolations to other 

cases are also envisaged. 

 

8D.2: Scientific and technical background 

 
The prediction of jet noise with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8D.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 
Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8D.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of control valves aerodynamic noise is not involving any specific bloc diagram. 

 

• Steps of the computation 

 

Step [a] 

 
Cf. section 1 

 

Step [BAP] 
 

This step aims at calculating the sound power level & the sound-pressure level at pipe wall 

 

 

 

 

 

 

o Bibliography (references) : 
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[BAP1]  

[BAP2]  

[BAP3] 

- 

 

[BAP4]  

[BAP5]  

[BAP6]  

[BAP7] 

- 

 

[BAP8]  

[BAP9] 

- 

 

[BAP10] 

- 

 

[BAP11] 

- 

 

[BAP12]  

[BAP13]  

[BAP14]  

[BAP15] 

- 

 

[BAP16] 

- 

 

[BAP17] 

- 

 

[BAP18] 

- 

 

[BAP19] 

- 

 

 

o General comments: 

 

In case of a jet being at the end of a piping system, reference for Expanded Jet Normalized Velocity (EJNV) is ambient sound 

velocity. 

 

 the expanded jet velocity model can be selected as shown in the table below: 
 

 

 

 

 

 

 

The Density & Temperature Combined Parameter (DTCP) concept considered in older versions of the software is not an input 

data data any more. 

 

The Pressure Super Ratio (PSR) concept considered in older versions of the software is not an input data data any more. 

 

 the diffuser insertion loss without self noise model can be selected as shown in the table below: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

model VEL1 VEL2 

Comment 

Not 

accoutin

g thurst 

Accoutin

g thurst 

model ED-P1 ED-P2 
ED-P3 ED-F ED-

P&F1 

ED-

P&F2 

ED-

P&F3 

Comment 

Naked 

perforate

d sheet – 

quantity 

1 

Naked 

perforate

d sheets 

– 

quantity 

2 – 

spaced 

by 5 to 

20 cm 

Naked 

perforate

d sheets 

– 

quantity 

3 – 

spaced 

by 5 to 

20 cm 

Metallic 

foam 

Perforate

d plate + 

foam 

- app

rox

ima

tion  

Perforate

d plate + 

non 

compres

sed foam 

Perforate

d plate + 

non 

compres

sed foam 
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 the total pressure loss model can be selected as shown in the table below: 
 

 

 

 

 

 

 

 

 

o Comments for turbulent, choked, undefined, special flow: 

 

As confusions one can find in some bibliographic sources regarding the conditions (for exit, for upstream, for downstream) to 

which parameters used for computations (e.g. pressure, temperature, sound speed, Mach number, velocity) are referring, such 

conditions & such parameters are all considered as input data for the module 8D of the software SILDIS, namely in order to 

make possible comparisons of simulation results for case studies based on incoherent input data sets found in some 

bibliographic source. 

 

Such input data (for the module 8D of the software SILDIS) (for exit, for upstream, for downstream) are either output data 

obtained with the module 8E of the software SILDIS or are entered directly by user (model BYO). 

 

 the exit conditions model (i.e. pressure, temperature, sound speed, Mach number, velocity) model can be selected as shown 

in the table below: 

 

 

 

 

 

 

 

 the downstream conditions model (i.e. pressure, temperature, sound speed, Mach number, velocity) model can be selected 

as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 the upstream conditions model (i.e. pressure, temperature, sound speed, Mach number, velocity) model can be selected as 

shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

model LOS1 LOS2 

Comment 

Not 

accounti

ng fluid 

compres

sibility 

Accounti

ng fluid 

compres

sibility 

model CRA 
LEV 

GAN CRI LIA CAS 
LIA* TUP 

BYO 

source 
Input data are output data of SILDIS Module 

E worksheet in-out COFDIS 

Input data are output data of SILDIS Module 
E worksheet in-out COFDV 

Bring 

Your 

Own 

model LEV-i 
LEV-u 

LEV-d LEV-p 
LEV-e LEV-a 

source 
Input data are output data of SILDIS Module E worksheet in-out 

COFDIS 

model LIA-2 
LIA-3 

LIA-4 LIA-5 

source 
Input data are output data of SILDIS Module 

E worksheet in-out COFDV 

model BYO 

source 

Bring 

Your 

Own 

model LEV-r 
LEV-i 

LEV-u LEV-d 
LEV-p 

source 
Input data are output data of SILDIS Module E worksheet 

in-out COFDIS 

model LIA-1 
LIA-2 

LIA-3 

source 

Input data are output data of 

SILDIS Module E worksheet in-
out COFDV 

model BYO 

source 

Bring 

Your 

Own 
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o Comments for turbulent flow: 

 

 the acoustic efficiency is referred to as η and is accounted as shown in the table below: 

 

 

 

 
 

 
 

 
 

 

 
 

 

 

 

 

 

 

 
 the sound power level is referred to as Lwi and is accounted as shown in the table below: 

 

 

 

 
 

 
 the strouhal number is referred to as St and is accounted as shown in the table below: 

 

 

 

 

 
 

 
 the Peak frequency is referred to as fpt and is accounted as shown in the table below: 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

model HAN 
BER-

FIG 
BER-EX EDF1 EDF2 

FRA-

FIG 

FRA-EX 
ZER 

source [BAP1] 

 

[BAP2] [BAP2] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP6] 

[BAP6] 

- 

Parameters for 

exit 

Tempera

ture , 

density, 

gas 

speed 

Tempera

ture , 

density, 

gas 

speed 

Tempera

ture , 

density, 

gas 

speed 

Gas 

speed 

Mach 

number 

Tempera

ture , 

density, 

gas 

speed 

Tempera

ture , 

density, 

gas 

speed 

- 

Parameters for 

downstream 

Tempera

ture , 

density, 

sound 

speed 

Tempera

ture , 

density, 

sound 

speed 

Tempera

ture , 

density, 

sound 

speed 

  

Tempera

ture , 

density, 

sound 

speed 

Tempera

ture , 

density, 

sound 

speed 

- 

Parameters for 

upstream 
- 

- 
- - - - 

- 
- 

Comments - 

 

 

- - - - - 

 

 

- 

Turbulen

t flow 

noise not 

accounte

d 

model all 

parameters 

Mass 

flow 

rate, gas 

speed 

model BER BYO 

source [BAP2] 

Bring 

Your 

Own 

model NAT OCT 

comment NATural OCTave 
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 the spectrum is accounted as shown in the table below: 
 

 

 
 

 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

model IEC 
IEC-

3RD 
R&W HAN FRA BER-T 

BER-C 
TUP 

3733 

source [BAP19] 
[BAP19] 

 [BAP1] [BAP6] [BAP2] 
[BAP2] 

[BAP15] 
[BAP14] 

comment  

 

    

Not 

applicabl

e for 

turbulent 

flow 
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o Comments for choked flow: 

 

 the acoustic efficiency is referred to as η and is accounted as shown in the table below: 

 

 

 

 
 

 
 

 
 

 

 

 

 

 

 the sound power level is referred to as Lwi and is accounted as shown in the table below: 
 

 

 

 

 
 

 

 

 

 the strouhal number is referred to as St and is accounted as shown in the table below: 
 

 

 

 
 
 

 

 the spectrum is accounted as shown in the table below: 
 

 

 
 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

model HAN 
BER 

FRA 
HEL 

ZER 

source [BAP1] 
[BAP2] 

[BAP6] 
[BAP7] 

- 

Parameters for 

exit 
- - - - - 

Parameters for 

downstream 
pressure pressure pressure pressure - 

Parameters for 

upstream 
pressure pressure pressure pressure - 

Comment - - - - 

Choked 

flow 

noise not 

accounte

d 

model all 

parameters 

Mass 

flow 

rate, 

sound 

speed 

model BER 
 

FRA 
BYO 

source [BAP2] 

 

[BAP6] 

Bring 

Your 

Own 

model IEC 
IEC-

3RD 
R&W HAN FRA BER-T 

BER-C 
TUP 

3733 

source [BAP19] 
[BAP19] 

 [BAP1] [BAP6] [BAP2] 
[BAP2] 

[BAP15] 
[BAP14] 

comment  

 

 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 
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o Comments for undefined flow: 

 

 the acoustic efficiency is referred to as η and is accounted as shown in the table below: 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o  

 

 

 

 

 

 

 

 

 the sound power level is referred to as Lwi and is accounted as shown in the table below: 

 

 

 

 
 
 

 

 

 

 

 

 

 

model API 
ISO 

C&M 
VDI BUR 3733 

source [BAP8] 
[BAP9] [BAP10] 

[BAP11] 

[BAP12] [BAP13] [BAP14] 

Parameters for 

exit 
- 

 

 

- 

 

- 

 

 

- 

Pressure, 

temperat

ure, 

molecula

r mass 

 

- 

Parameters for 

downstream 
- 

 

 

- 

 

- 

 

 

- 

Pressure, 

temperat

ure, 

molecula

r mass 

 

 

- 

Parameters for 

upstream 
- 

 

 

- 

 

- 

 

 

- 

-  

 

- 

Parameters 

miscellaneaou
s 

- 

 

 

- 

 

- 

 

 

- 

diameter  

 

- 

Comment - 
 

- 
- 

 

- 

 

- 

 

- 

model T07-1 
T07-2 

T07-3 
T07-4 T15 NOR 

ZER 

source [BAP15] 
[BAP15] 

[BAP15] 
[BAP16] [BAP17] [BAP18] 

- 

Parameters for 

exit 

Pressure, 

density, 

sound 

speed 

Sound 

speed 
- - 

Sound 

speed 

 

- 
- 

Parameters for 

downstream 
pressure 

- 
- - 

-  

- 
- 

Parameters for 

upstream 
- 

- 
- - 

-  

- 
- 

Parameters 

miscellaneaou

s 

diameter 

Mass 

flow 

rate, 

diameter 

Mass 

flow 

rate, 

diameter 

Mass 

flow 

rate, 

diameter 

Mass 

flow 

rate, 

diameter 

 

- 
- 

Comment - 

 

 

- - 

 

 

- 

 

 

- 

 

 

- 

Undefin

ed flow 

noise not 

accounte

d 

model C V 

parameters 

Mass 

flow 

rate, 

sound 

speed 

Mass 

flow 

rate, gas 

speed 
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 the strouhal number is referred to as St and is accounted as shown in the table below: 
 

 

 

 
 
 

 

 the spectrum is accounted as shown in the table below: 
 

 

 
 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

model TUP BYO 

source [BAP15] 

Bring 

Your 

Own 

model IEC 
IEC-

3RD 
R&W HAN FRA BER-T 

BER-C 
TUP 

3733 

source [BAP19] 
[BAP19] 

 [BAP1] [BAP6] [BAP2] 
[BAP2] 

[BAP15] 
[BAP14] 

comment  

 

 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 
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o Comments for special flow: 

 

 the acoustic efficiency is referred to as η and is accounted as shown in the table below: 

 

 

 

 
 

 
 

 
 

 

 
 the sound power level is referred to as Lwi and is accounted as shown in the table below: 

 
 

 

 

 

 

 

 

 

 

 

 the fluid correction (when not air) is referred to as Lwi and is accounted as shown in the table below: 

 
 

 

 

 

 

 

 

 

 the strouhal number is referred to as St and is accounted as shown in the table below: 
 

 

 

 

 
 

 

 the spectrum is accounted as shown in the table below: 
 

 

 

 
 

 
 

 
 

 

 

model ED0-1 ED0-N 
ED0-S ED1-1 ED1-N-

A 

ED1-N-

B 

ED1-S ZER 

source 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

- 

Comment 

relating to 

foam 

0 foam 

 

1 foam 

 

- 

Comment 
For 1 

hole 

For the 

consider

ed 

number 

of holes 

For the 

consider

ed 

prosity 

For 1 

hole 

For the considered 

number of holes 

For the 

consider

ed 

prosity 

Special 

flow 

noise not 

accounte

d 

model C V 

parameters 

Mass 

flow 

rate, 

sound 

speed 

Mass 

flow 

rate, gas 

speed 

model ED-A ED-B ED-C 
 

ZER 

source 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

[BAP3] 

[BAP4] 

[BAP5] 

ZERo 

correctio

n 

model BYO 

source 

Bring 

Your 

Own 

model IEC 
IEC-

3RD 
R&W HAN FRA BER-T 

BER-C 
TUP 

3733 

source [BAP19] 
[BAP19] 

 [BAP1] [BAP6] [BAP2] 
[BAP2] 

[BAP15] 
[BAP14] 

comment  

 

 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 

Not 

applicabl

e for 

choked 

flow 
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model EDA 
EDB 

source [BAP19] 
[BAP19] 

comment  
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8D.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of JEt Noise, the software SILDIS is configurated in order to allow the user to access to 1 worksheet 

referred to as “in-out COJEN” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 
Worksheet [in-out COJEN] 

 
o Input data for “safety valve & jet without diffuser”  &  “diffuser jet” 

 

Item Cell for input Foreseen action Comment 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

I10 Input a real number  

Model of expanded jet 

velocity 
I14 Select a model VEL1, VEL2 

Maximum value for 

turbulent acoustical 

efficiency 

I16 Input a real number  

Model of speed for 

mechanical power & 

peak frequency for 

undefined regime 

I17 Select a model C, V 

Model of speed for 

mechanical power & 

peak frequency for 

special regime 

I18 Select a model C, V 
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o Input data for “safety valve & jet without diffuser”   

 
Item Cell for input Foreseen action Comment 

Exit conditions model I23 Select a model 
(COFDIS) CRA, LEV, GAN, CRI, (COFDV) 

LIA, CAS, LIA*, TUP, BYO 

Exit for model BYO 

Pressure 
D26 Input a real number  

Exit for model BYO 

Temperature 
D32 Input a real number  

Exit for model BYO 

Density 
D35 Input a real number  

Exit for model BYO 

Speed of sound 
D37 Input a real number  

Exit for model BYO 

Mach number 
D39 Input a real number  

Exit for model BYO 

Velocity 
D40 Input a real number  

Exit for model BYO 

Isentropic exponent 
D43 Input a real number  

Mass flow rate m 

(kg/s) 
D45 Input a real number  

Downstream conditions 

model 
R23 Select a model 

(COFDIS) LEV-i, LEV-u, LEV-d, LEV-p, LEV-

e, LEV-a, (COFDV) LIA-2, LIA-3, LIA-4, LIA-

5, Bring Your Own 

Downstream for model 

BYO Pressure 
O26 Input a real number  

Downstream for model 

BYO Temperature 
O32 Input a real number  

Downstream for model 

BYO Density 
O35 Input a real number  

Downstream for model 

BYO Speed of sound 
O37 Input a real number  

Downstream for model 

BYO Mach number 
O39 Input a real number  

Downstream for model 

BYO Velocity 
O40 Input a real number  

Upstream conditions 

model 
I58 Select a model 

(COFDIS) LEV-r, LEV-i, LEV-u, LEV-d, LEV-

p, (COFDV) LIA-1, LIA-2, LIA-3, Bring Your 

Own 

Upstream for model 

BYO Pressure 
D61 Input a real number  

Upstream for model 

BYO Temperature 
D67 Input a real number  

Upstream for model 

BYO Density 
D70 Input a real number  

Upstream for model 

BYO Speed of sound 
D72 Input a real number  

Upstream for model 

BYO Mach number 
D74 Input a real number  

Upstream for model 

BYO Velocity 
D75 Input a real number  

Model for acoustic 

efficiency η turbulent 

regime 

I81 Select a model 
HAN,BER-FIG,BER-EX,EDF1, EDF2,FRA-

FIG, FRA-EX,ZER 

Model for acoustic 

efficiency η choked 

regime 

J81 Select a model HAN,BER,FRA,HEL,ZER 

Model for acoustic 

efficiency η undefined 

regime 

K81 Select a model 
API, ISO, C&M, VDI, BUR, 3733,T07-1, T07-2, 

T07-3, T07-4, T15, NOR, ZER 

Strouhal number St for 

model BYO turbulent 

regime 

I93 Input a real number  

Strouhal number St for 

model BYO choked 

regime 

J93 Input a real number  
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Strouhal number St for 

model BYO undefined 

regime 

K93 Input a real number  

Model for Strouhal 

number St turbulent 

regime 

I94 Select a model BER, BYO 

Model for Strouhal 

number St choked 

regime 

J94 Select a model BER, FRA, BYO 

Model for Strouhal 

number St undefined 

regime 

K94 Select a model TUP, BYO 

Characteristic diameter I98 Input a real number  

Model for fp turbulent 

regime 
I103 Select a model NAT, OCT 

Model for fp choked 

regime 
J103 Select a model NAT, OCT 

Model for fp undefined 

regime 
K103 Select a model NAT, OCT 

Model for spectrum 

turbulent regime 
I105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733 

Model for spectrum 

choked regime 
J105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733 

Model for spectrum 

undefined regime 
K105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733 

Discharge pipe 

diameter 
I107 Input a real number  

Discharge pipe wall 

thickness 
I108 Input a real number  

 
o Input data for “diffuser jet”   

 
Item Cell for input Foreseen action Comment 

Diffuser Exit 

conditions model 
AC23 Select a model 

(COFDIS) CRA, LEV, GAN, CRI, (COFDV) 

LIA, CAS, LIA*, TUP, BYO 

Diffuser Exit for model 

BYO Pressure 
Y26 Input a real number  

Diffuser Exit for model 

BYO Temperature 
Y32 Input a real number  

Diffuser Exit for model 

BYO Density 
Y35 Input a real number  

Diffuser Exit for model 

BYO Speed of sound 
Y37 Input a real number  

Diffuser Exit for model 

BYO Mach number 
Y39 Input a real number  

Diffuser Exit for model 

BYO Velocity 
Y40 Input a real number  

Diffuser Exit for model 

BYO Isentropic 

exponent 

Y43 Input a real number  

Total Mass flow rate m 

(kg/s) 
Y45 Input a real number  

Diffuser Downstream 

conditions model 
AL23 Select a model 

(COFDIS) LEV-i, LEV-u, LEV-d, LEV-p, LEV-

e, LEV-a, (COFDV) LIA-2, LIA-3, LIA-4, LIA-

5, Bring Your Own 

Diffuser Downstream 

for model BYO 

Pressure 

AI26 Input a real number  

Diffuser Downstream 

for model BYO 

Temperature 

AI32 Input a real number  

Diffuser Downstream 

for model BYO 

Density 

AI35 Input a real number  

Diffuser Downstream 

for model BYO Speed 

of sound 

AI37 Input a real number  
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Diffuser Downstream 

for model BYO Mach 

number 

AI39 Input a real number  

Diffuser Downstream 

for model BYO 

Velocity 

AI40 Input a real number  

Diffuser Upstream 

conditions model 
AC58 Select a model 

(COFDIS) LEV-r, LEV-i, LEV-u, LEV-d, LEV-

p, (COFDV) LIA-1, LIA-2, LIA-3, Bring Your 

Own 

Diffuser Upstream for 

model BYO Pressure 
Y61 Input a real number  

Diffuser Upstream for 

model BYO 

Temperature 

Y67 Input a real number  

Diffuser Upstream for 

model BYO Density 
Y70 Input a real number  

Diffuser Upstream for 

model BYO Speed of 

sound 

Y72 Input a real number  

Diffuser Upstream for 

model BYO Mach 

number 

Y74 Input a real number  

Diffuser Upstream for 

model BYO Velocity 
Y75 Input a real number  

Diffuser Upstream for 

model BYO Isentropic 

exponent 

Y78 Input a real number  

Model for acoustic 

efficiency η turbulent 

regime 

AC81 Select a model 
HAN,BER-FIG,BER-EX,EDF1, EDF2,FRA-

FIG, FRA-EX,ZER 

Model for acoustic 

efficiency η choked 

regime 

AD81 Select a model HAN,BER,FRA,HEL,ZER 

Model for acoustic 

efficiency η undefined 

regime 

AE81 Select a model 
API, ISO, C&M, VDI, BUR, 3733,T07-1, T07-2, 

T07-3, T07-4, T15, NOR, ZER 

Model for acoustic 

efficiency η special 

regime 

AF81 Select a model 
ED0-1, ED0-N, ED0-S, ED1-1, ED1-N-A, ED1-

N-B, ED1-S 

Model for fluid 

correction 
AF86 Select a model (for models EDx-x) ED-A, ED-B, ED-C, ZER 

Density reference AK86 Input a real number  

Sound speed reference AP86 Input a real number  

Strouhal number St for 

model BYO turbulent 

regime 

AC93 Input a real number  

Strouhal number St for 

model BYO choked 

regime 

AD93 Input a real number  

Strouhal number St for 

model BYO undefined 
AE93 Input a real number  

Strouhal number St for 

model BYO special 

regime 

AF93 Input a real number  

Model for Strouhal 

number St turbulent 

regime 

AC94 Select a model BER, BYO 

Model for Strouhal 

number St choked 

regime 

AD94 Select a model BER, FRA, BYO 

Model for Strouhal 

number St undefined 

regime 

AE94 Select a model TUP, BYO 

Characteristic diameter AC98 Input a real number cf. worksheet "in-diffuser" 

Model for fp turbulent 

regime 
AC103 Select a model NAT, OCT 

Model for fp choked 

regime 
AD103 Select a model NAT, OCT 
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Model for fp special 

regime 
AE103 Select a model NAT, OCT 

Model for fp undefined 

regime 
AF103 Select a model NAT, OCT 

Model for spectrum 

turbulent regime 
AC105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733, ED-A, ED-B 

Model for spectrum 

choked regime 
AD105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733, ED-A, ED-B 

Model for spectrum 

undefined regime 
AE105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733, ED-A, ED-B 

Model for spectrum 

special regime 
AF105 Select a model 

IEC, IEC-3RD, R&W, HAN, FRA, BER-T, 

BER-C, TUP, 3733, ED-A, ED-B 

Discharge pipe 

diameter 
AC107 Input a real number  

Discharge pipe wall 

thickness 
AC108 Input a real number  

Model for diffuser 

insertion loss without 

self noise 

AK107 Select a model 
ED-P1, ED-P2, ED-P3, ED-F, ED-P&F1, ED-

P&F2, ED-P&F3, ZER 

Model for total 

pressure loss 
AK109 Select a model LOS1, LOS2 

Unsilenced noise Y91 to Y101 Input a real number  

 

Worksheet [in-DIFFUSER]  

 
o Input data for “diffuser jet”   

  

Item 
Cell for 
input 

Foreseen action Comment 

Model for diffuser 

geometry 
E24 Select a model CIRcular, CYLindrical, SPHerical 

Diffuser length Ld (m) E29 Input a real number for diffuser geometry model CYL only 

Diffuser inlet diameter Dd 

(m) 
K29 Input a real number  

Holes diameter Dh (m) K40 Input a real number  

Number of drillings  N K44 Input a real number  

Silencer outlet diameter R29 Input a real number  

 

Worksheet [in-out COJEN]  

 

o Main displays of the results for for “safety valve & jet without diffuser” 

 

 sound power level Lwi (dB ref. 1pW) see line 89 & 90 ; cells S91 to S103 

 

 Strouhal number see line 95 

 

 generated peak frequency fp (Hz) see line 100 & 101 

 

 sound pressure level Lw(f) (Hz) see line 110 to 113 

 

o Main displays of the results for for “diffuser jet” 

 

 sound power level Lwi (dB ref. 1pW) see line 89 & 90 ; cells AP91 to AP103 

 

 Strouhal number see line 95 

 

 generated peak frequency fp (Hz) see line 100 & 101 

 

 sound pressure level Lw(f) (Hz) see line 110 to 113 

 

and also 

 

 

 insertion loss without self noise (dB) see cells AI91 to AI101 

 

 diffuser jet self noise (dB) see cells AM91 to AM103 

 

 total pressure loss see cell AK111 
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8D.4: Examples of computation with SILDIS 
 

Example 8D.4.1 jet without diffuser 

 

Envisaged application 

 
It is wished to compute the sound power level for discharge to the atmosphere of a safety valve with a fluid (assumed: perfect gas). 

Molecular mass of flowing fluid M=29 (kg/kmol) [1] , expanded jet speed not accounting thurst [2], Maximum value for turbulent 

acoustical efficiency 0.01 [3] 

Exit: Temperature 295 K [4], Density 1.19 kg/m3 [5], Speed of sound ce=340 m/s [6], Mach number 1 [7] , Velocity Ve =340 m/s 

[8] Mass flow rate m=8 kg/s [9] 

Downstream: Pressure Pd=1E5 (Pa) [10], Temperature 295 K [11], Density 1.19 kg/m3 [12], Speed of sound ce=340 m/s [13], 

Upstream: Pressure Pu=3E5 (Pa) [14]  

Model for acoustic efficiency η BER-EX for turbulent regime [15] & choked regime BER [16] 

Strouhal number St for model BYO turbulent regime BER [17], Strouhal number St for model BYO choked regime BER [18],  

Characteristic diameter 0.1 m [19] 

Model for peak frequency turbulent regie NAT [20], Model for peak frequency turbulent regie NAT [21] 

Model for spectrum turbulent regime BER-T [22], Model for spectrum choked regime BER-C [23] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out COJEN] 

 
o Input data for “safety valve & jet without diffuser”  &  “diffuser jet” 

 

Item Cell for input 
Foreseen 

action 
Input 

See placemark  / Comment 

Molecular mass 

of flowing fluid 

M (kg/kmol) 

I10 
Input a real 

number 

 

29 [1] 

Model of 

expanded jet 

velocity 

I14 Select a model 

 

VEL1 [2] 

Maximum 

value for 

turbulent 

acoustical 

efficiency 

I16 
Input a real 

number 

 

 

0.01 [3] 

Model of speed 

for mechanical 

power & peak 

frequency for 

undefined 

regime 

I17 Select a model 

 

 

- - 

 

Model of speed 

for mechanical 

power & peak 

frequency for 

special regime 

I18 Select a model 

 

 

- - 
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o Input data for “safety valve & jet without diffuser”   

 

Item Cell for input 
Foreseen 

action 
Input 

See placemark  / Comment 

Exit conditions 

model 
I23 Select a model 

BYO 
 

Exit for model 

BYO Pressure 
D26 

Input a real 

number 

 
 

Exit for model 

BYO 

Temperature 

D32 
Input a real 

number 

 

295 [4] 

Exit for model 

BYO Density 
D35 

Input a real 

number 

1.19 
[5] 

Exit for model 

BYO Speed of 

sound 

D37 
Input a real 

number 

340 

[6] 

Exit for model 

BYO Mach 

number 

D39 
Input a real 

number 

 

1 [7] 

Exit for model 

BYO Velocity 
D40 

Input a real 

number 

340 
[8] 

Exit for model 

BYO Isentropic 

exponent 

D43 
Input a real 

number 

 

 

Mass flow rate 

m (kg/s) 
D45 

Input a real 

number 

8 
[9] 

Downstream 

conditions 

model 

R23 Select a model 

BYO 

 

Downstream 

for model BYO 

Pressure 

O26 
Input a real 

number 

1E5 

[10] 

Downstream 

for model BYO 

Temperature 

O32 
Input a real 

number 

 

295 [11] 

Downstream 

for model BYO 

Density 

O35 
Input a real 

number 

 

1.19 [12] 

Downstream 

for model BYO 

Speed of sound 

O37 
Input a real 

number 

 

340 [13] 

Downstream 

for model BYO 

Mach number 

O39 
Input a real 

number 

 

 

Downstream 

for model BYO 

Velocity 

O40 
Input a real 

number 

 

 

Upstream 

conditions 

model 

I58 Select a model 

 

 

Upstream for 

model BYO 

Pressure 

D61 
Input a real 

number 

 

3E5 [14] 

Upstream for 

model BYO 

Temperature 

D67 
Input a real 

number 

 

 

Upstream for 

model BYO 

Density 

D70 
Input a real 

number 

 

 

Upstream for 

model BYO 

Speed of sound 

D72 
Input a real 

number 

 

 

Upstream for 

model BYO 

Mach number 

D74 
Input a real 

number 

 

 

Upstream for 

model BYO 

Velocity 

D75 
Input a real 

number 
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Model for 

acoustic 

efficiency η 

turbulent 

regime 

I81 Select a model 

 

 

BER-EX [15] 

Model for 

acoustic 

efficiency η 

choked regime 

J81 Select a model 

 

BER 
[16] 

Model for 

acoustic 

efficiency η 

undefined 

regime 

K81 Select a model 

 

 

Strouhal 

number St for 

model BYO 

turbulent 

regime 

I93 
Input a real 

number 

 

 

BER [17] 

Strouhal 

number St for 

model BYO 

choked regime 

J93 
Input a real 

number 

 

BER 
[18] 

Strouhal 

number St for 

model BYO 

undefined 

regime 

K93 
Input a real 

number 

 

 

Model for 

Strouhal 

number St 

turbulent 

regime 

I94 Select a model 

 

 

Model for 

Strouhal 

number St 

choked regime 

J94 Select a model 

 

 

Model for 

Strouhal 

number St 

undefined 

regime 

K94 Select a model 

 

 

Characteristic 

diameter 
I98 

Input a real 

number 

0.1 
[19] 

Model for fp 

turbulent 

regime 

I103 Select a model 

 

NAT [20] 

Model for fp 

choked regime 
J103 Select a model 

 

NAT 
[21] 

Model for fp 

undefined 

regime 

K103 Select a model 

 

 

Model for 

spectrum 

turbulent 

regime 

I105 Select a model 

 

BER-T 
[22] 

Model for 

spectrum 

choked regime 

J105 Select a model 

 

BER-C [23] 

Model for 

spectrum 

undefined 

regime 

K105 Select a model 

 

 

Discharge pipe 

diameter 
I107 

Input a real 

number 

 
 

Discharge pipe 

wall thickness 
I108 

Input a real 

number 
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Screenshots of the worksheets (for the example of computation) 
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 Appendix to Section 8D: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Jet without diffuser (including safety valves) & diffuser jet 
 

c: sound speed (m/s) 

d : nozzle diameter (m) 

Dp: downstream pipe diameter  (m) 

DR: desnity ratio 

L1 = sound pressure level at 1 m from the point of discharge, based on spherical spreading 

L30 = sound pressure level at 30 m from the point of discharge, based on spherical spreading 

Lwi :Total internal sound power level (dB ref Wo) 

M: molecular mass of flowing fluid (kg/kmol) 

M : mach number 

P: pressure (Pa) 

Po :reference sound pressure = 2E-5 Pa 

PR: pressure ratio 

PSR: pressure super ratio 

r: individual gas constant (J/kg/K) 

St Strouhal number 

t : downstream pipe wall thickness (m) 

T: temperature (K) 

TR temperature ratio 

V: (gas) velocity 

Wo :reference sound power = 1E-12 W 

 

ρ: density (kg/m3) 

γ: isentropic coefficient 

η: acoustic efficiency 

 

Diffuser jet 
 

Dd: diffuser diameter (m) 

Ld: diffuser length  (m) 

N: number of drillings 

Nr: number of drillings required to allow flow rate to pass 

 

σ: porosity (%) 

 

Subscripts 

 

hp Denotes High Pressure (Zone) 

lp Denotes Low Pressure (Zone) 

p Denotes peak 

p oct Denotes peak octave band 
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Section 8E: prediction of piping systems discharge parameters 
(MODULE 8E of the software) 

 
8E.1: Introduction 
 
Terms and definitions 

 
For the needs of the present section of this user’s manual, the following term or definition apply: 

 

Piping system: set of components through which the discharge of a fluid occurs, from a reservoir towards atmosphere via a pipe   

 

Geometry 

 
For the needs of the present section of this user’s manual, a special geometry is considered as follows: a pipe of constant diameter  

 

 
 

Subscripts 

r, i, u, d, p, e: location along piping system  path 

reservoir 

inlet 

upstream (e.g. from a valve) 

downstream (e.g. from a valve) 

penultimate (e.g.silencer inlet) 

exit (e.g. silence routlet) 

 

Miscellaneous 
 

This method considers basically single-phase dry gases and vapours and is based on the perfect gas laws. Tentatively, 2-phases 

mixtures are accounted (general model GAN) & non perfect gas are accounted (general model CRA). 

 

8E.2: Scientific and technical background 
 
The prediction of control valves aerodynamic noise with SILDIS is founded on a scientific and technical background in relation 

with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8E.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 
 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8E.2.2 Acoustics & special considerations related to fluid dynamics:  
 

• Bloc diagram : 
 

The computation scheme of atmospheric absorption is not involving any specific bloc diagram. 
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• Steps of the computation 

 

Step [a] 

 
Cf. section 1 

 

Step [BAO] 
 

This step aims at calculating the sound power level & the sound-pressure level at pipe wall 

 

o Bibliography (references) : 

 

[BAO1] 

- 

 

[BAO2]  

[BAO3]  

[BAO4]  

[BAO5] 

- 

 

[BAO6] 

- 

 

[BAO7]  

[BAO8] 

- 

 

[BAO9]  

[BAO10]  

[BAO11]  

[BAO12] 

- 

 

[BAO13]  

[BAO14]  

 

o Comments : 

 

 when not entered (as input data), reservoir density is referred to as ρr and is calculated using reservoir compressibility 
 

 when not entered (as input data), reservoir specific volume is referred to as νr and is calculated using reservoir 

compressibility. In case of water steam, reservoir specific volume νr can be entered (as input data) using data pool 

[BAO1] or [BAO2] which are not always displaying identical values for a given pressure & a given temperature 

 
 in case of water steam, reservoir isentropic exponent is referred to as γr and can be entered (as input data) using data pool 

[BAO1] or [BAO2] which are not always displaying identical values for a given pressure & a given temperature 
 

 in case of water steam, reservoir pressure coefficient is referred to as ksr and can be entered (as input data) using data pool 

[BAO3]. When not entered as input data (e.g. for perfect gases), reservoir pressure coefficient ksr is calculated as shown 

in table below  
 

 

 

 

 

 

 
 the flow indicators are calculated as shown in the table below: 

General model CRA LEV GAN 

Source [BAO3] 

Comment Depending on reservoir pressure pr, reservoir specific volume  νr, reservoir isentropic exponent  γr 

General model CRA LEV GAN 

Source [BAO4], [BAO5], [BAO6] [BAO7], [BAO8] [BAO9], [BAO10] 

Comment 

regarding 

input data 

Appropriate for all gases (1 

phase) 

Appropriate for perfect gases (1 

phase) 

Appropriate for saturatedwater 

steam (2 phases), assuming 

critical flow 

Comment 

regarding 

basic output 

data  

Pressure at line exit & discharge 

capacity (flow rate)  only 
 

Pressure at line exit & 

discharge capacity (flow rate)  

only 
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 when used to normalize discharge capacity G nozzle discharge capacity for choking conditions is referred to as G*nz 
(choking conditions) and is calculated as shown in table below 

 
 

 

 
 

 line exit status (choked or non-choked) is evaluated as shown in table below 

 
 

 

 
 

8E.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Fuid DIScharge parameters, the software SILDIS is configurated in order to allow the user to access 

to 1 worksheet referred to as “in-out COFDIS” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 
 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COFDIS] 

 

o Input data for models CRA & LEV & GAN 

 

Item 
Cell for 

input 
Foreseen action Comment 

Molecular mass of flowing 

fluid M (kg/kmol) 
E10 Input a real number  

Sutherland constant C (K) E12 Input a real number  

Reservoir pressure Pr (Pa) E23 Input a real number  

Reservoir temperature Tr 

(K) 
E29 Input a real number  

Reservoir density (calc) ρr 

(kg/m3) 
E32 Input a real number 

in case of perfect gas density is not needed as input 

data, being calculated accounting compressibility 

Reservoir isentropic 

exponent γr 
E36 Input a real number  

Comment 

regarding 

extended 

output data 

Comprehensive set of flow indicators based on the assumption of 

isentropic process between reservoir & inlet, and on the assumption 

of adiabatic process with friction between inlet & exit valid for 

perfect gas only [BAO11], [BAO12], [BAO13],  [BAO14] 

 

General model CRA LEV GAN 

source [BAO7] 

Comment 
Depending on reservoir pressure, 

reservoir pressure coefficient 

General model CRA ZHA 

source [BAO4] [BAO8] 

Comment   
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Reservoir speed of sound 

wr m/s 
E37 Input a real number  

Reservoir enthalpy hr 

(kg/kJ) 
E39 Input a real number 

in case of perfect gas pressure coefficient is not 
needed as input data, being calculated accounting 

compressibility 

Thermodynamic critical 

pressure pc (Pa) 
M10 Input a real number  

Thermodynamic 

temperature  Tc (K) 
M16 Input a real number  

Thermodynamic density   

Tc ρc (kg/m3) 
M19 Input a real number  

Pipe absolute rugosity Δ 

(m) 
V19 Input a real number  

Model of Equation Of State 

(EOS) for calculation of T, 

Z 

M25 Select a model CH4, H2O 

Compressibilty of fluid at 

reservoir conditions Zr 
M30 Input a real number  

Model for calculation of 

wrcalc 
M36 Select a model P&RO, T 

Pipe diameter D (m) Q27   

Full equivalent pipe 

resistance Kie 
Q35 Input a real number  

Partial equivalent pipe 

resistance Kiu, Kid, Kip 

Q36, Q37, 

Q38 
Input a real number  

Pipe absolute rugosity X27 Input a real number  

Model ZHA included in 

line exit status model menu 

? (0/1) 

X40 
Enter 0 for NO, 1 for 

YES 
 

Line exit status model X42 Input a real number  

Ambiant (surrounding) 

pressure Pa (Pa) 
AF23 Input a real number  

 

Worksheet [in-out COFDIS] (addendum) 
 

o Additionnal input data for models CRA/KIR 

 

Item 
Cell for 
input 

Foreseen action Comment 

in case of choking line exit 

Model for limiting relative 

pressure drop 

F52 Select a model PRE1, PRE2, PRE3, PRE4 

in case of choking line exit 

Model for limiting net 

expansion factor 

F53 Select a model EXP1, EXP2, EXP3, EXP4, EXP5 

in case of choking line exit 

Model for exit choking 

température 

F55 Select a model TEM1, TEM2, TEM3, TEM4, TEM5, TEM6 

in case of non choking line 

exit Model for net 

expansion factor 

F58 Select a model Y1, Y2, Y3 

in case of non choking line 

exit Model for exit choking 

température 

F60 Select a model TEM3, TEM4, TEM5, TEM6 

in all cases Model for 

discharge capacity & mass 

flow rate 

K52 Select a model CRA, KIR 

in all cases Model for line 

exit status criteria 
K54 Select a model CR1, CRI2, CRI3, CRI4 
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Worksheet [in-out COFDIS] (addendum) 

 

o Input data for model LEVonly 

 

Item 
Cell for 

input 
Foreseen action Comment 

in case of non choking line 

exit Rough calculation 

M2max 

Q55 Input a real number  

in case of non choking line 

exit Rough calculation 

M2min 

Q56 Input a real number  

in case of non choking line 

exit Refined calculation 

M2max 

Q58 Input a real number  

in case of non choking line 

exit Refined calculation 

M2min 

Q59 Input a real number  

in case of non choking line 

exit refined calculation 

results display ? (0/1) 

Q61 
Enter 0 for NO, 1 for 

YES 
 

in case of non choking line 

exit Rough calculation M1 

for M2max 

T55 Input a real number  

in case of non choking line 

exit Refined calculation M1 

for M2max 

T58 Input a real number  

in case of non choking line 

exit Refined calculation M1 

for M2min 

T59 Input a real number  

in case of non choking line 

exit model for M2 

progression 

X55 Select a model ARI, GEO 

in case of non choking line 

exit to go from theoretical 

value of M1 to 1st staring 

value Multiplicator 

X58 Input a real number ≈ 1 

in case of non choking line 

exit to go from theoretical 

value of M1 to 1st staring 

value Additive term 

X59 Input a real number ≈ 0 

 

Worksheet [in-out COFDIS] (addendum) 

 

o (additional) input data for model GAN only 

 

Item 
Cell for 
input 

Foreseen action Comment 

Reservoir dryness fraction E129 Input a real number  

Elevation E131 Input a real number  

for trial & error tests K129 Input a real number  

for trial & error tests K131 Input a real number  

for calculations based on 

the intersection of 2 curves 
Q129 Select a model ARI, GEO 

for final calculation of 

choking pressure model for 

discharge capacity 

interpolation 

X129 Select a model INT1, INT2 

for final calculation of 

choking density model for 

choking density 

interpolation 

X132 Select a model INT1, INT2 

for final calculation of 

choking temperature model 

for choking temperature 

interpolation 

X136 Select a model INT1, INT2 

trial & error test Pc/Pr 
C156 to 

G156 
Input a real number  
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Worksheet [in-out COFDIS] 
 

o Main displays of the results for model CRA/KIR & LEV 

 

 line exit status see line 63 

 

 pressure P (Pa) see line 36, temperature T (K) see line 72, density ρ (kg/m3) see line 75, speed of sound c (m/s) see 

line 77, Mach number M (dimensionless) see line 79, (gas) speed V (m/s) see line 80 
 

 discharge capacity G (kg/s/m2) see line 83, relative discharge capacity G/G*nz (dimensionless) see line 86, mass flow 

rate m (kg/s) see line 88 

 

 Reynolds number Re (dimensionless) see line 93, flow status regarding turbulence see line 94 

 

o Main displays of the results for model GAN 

 

 line exit status see line 63 

 

 pressure P (Pa) see line 158, temperature T (K) see line 164, density ρ (kg/m3) see line 167, speed of sound c (m/s) 

see line 169, Mach number M (dimensionless) see line 171, (gas) speed V (m/s) see line 172 
 

 discharge capacity G (kg/s/m2) see line 175, mass flow rate m (kg/s) see line 178 

 

 Reynolds number Re (dimensionless) see line 182, flow status regarding turbulence see line 184 

 

 

8E.4: Examples of computation with SILDIS 
 

Example 8E.4.1 discharge with choked line exit (single-phase fluid) 

 
Envisaged application 

 
It is wished to compute (using general model LEV) the flow indicators in relation to the discgharge of a fluid (assumed: perfect gas) 

from apiping system for which turbulent flow is assumed. Molecular mass of flowing fluid M=20 (kg/kmol) [1] Reservoir pressure 

Pr=8.98E5 (Pa) [2] Reservoir temperature Tr=366.48 (K) [3] Isentropic exponent γr=1.4 [4] Diameter D=0.07793 (m) [5] Full 

equivalent pipe resistance Nie=Kie=N=K=4.04 [6] Ambiant (surrounding) pressure Pa=101352.75 (Pa) [7] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out COFDIS] 

 
 

Item 

Cell 

for 
input 

Foreseen action 

 

Input See placemark / Comment 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

F10 
Input a real 

number 

 

20 [1] 

Reservoir pressure 

Pr (Pa) 
F23 

Input a real 

number 

5.98E5 
[2] 

Reservoir 

temperature Tr 

(K) 

F29 
Input a real 

number 

366.48 

[3] 

Reservoir 

isentropic 

exponent γr 

F36 
Input a real 

number 

 

1.4 [4] 

Pipe diameter D 

(m) 
Q27  

0.07793 
[5] 
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Full equivalent 

pipe resistance 

Kie 

Q35 
Input a real 

number 

 

4.04 [6] 

Ambiant 

(surrounding) 

pressure Pa (Pa) 

AF23 
Input a real 

number 

 

101352.75 [7] 

 

 

Screenshots of the worksheets (for the example of computation) 
 

Worksheet [in-out COFDIS] 
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Appendix to Section 8E: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Valves aerodynamic noise 
 

D Pipe internal diameter, m 

f friction factor, dimensionless 

G*nz maximum discharge capacity (kg/s/m2) 

h specific entrhalpy (kJ/kg/K) 

hL specific entrhalpy Liquid (kJ/kg/K) 

hV specific enthalpy Vapor (kJ/kg/K) 

ks pressure coefficient 

K=N Resistance coefficient of pipe fitting, dimensionless 

L Pipe length, m 

m mass flow rate (kg/s) 

M Mach number, dimensionless 

M Molecular weight, kg/kmol 

N=K Resistance coefficient of pipe fitting, dimensionless 

P Pressure, Pa 

s specific entropy (kJ/kg/K) 

sL specific entropy Liquid (kJ/kg/K) 

sV specific entropy Vapor (kJ/kg/K) 

T Temperature, K 

ρ Density, kg/m3 

ν specific volume m3/kg 

νL specific volume Liquid m3/kg 

νV specific volume Vapour m3/kg 

γ Specific heat ratio, dimensionless 

 

Subscripts 

r, i, u, d, p, e Location along piping system  path (reservoir, inlet, upstream, downstream, penultimate, exit) 

a ambient conditions 

c critical condition (trial & error value for general model GAN) 
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Section 8F: determination of the performance & sizing of 
safety valves (MODULE 8F of the software) 

 
8F.1: Introduction 
 
Terms and definitions 

 
For the needs of the present section of this user’s manual, the following term or definition apply: 

 

Safety valve: valve which automatically, without the assistance of any energy other than that of the fluid concerned, discharges a 

quantity of the fluid so as to prevent a predetermined safe pressure being exceeded, and which is designed to 

re-close and prevent further flow of fluid after normal pressure conditions of service have been restored   

 

Geometry 

 
Not applicable 

 

8F.2: Scientific and technical background 

 
The prediction of control valves aerodynamic noise with SILDIS is founded on a scientific and technical background in relation 

with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8F.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8F.2.2 Acoustics & special considerations related to fluid dynamics:  
 

• Bloc diagram : 
 

The computation scheme is not involving any specific bloc diagram. 

 

• Steps of the computation 
 

Step [a] 

 
Cf. section 1 

 

Step [BAP] 
 

This step aims at calculating the sound power level & the sound-pressure level at pipe wall 

 

o Bibliography (references) : 

 

[BAP1] 

- 

 

[BAP2]  

[BAP3]  

[BAP4]  

[BAP5] 

- 

 

[BAP6] 

- 
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o Comments : 

 

 when not entered (as input data), relieving density is referred to as ρo and is calculated using relieving compressibility 
 

 when not entered (as input data), relieving specific volume is referred to as νo and is calculated using relieving 

compressibility. In case of water steam, relieving specific volume νo can be entered (as input data) using data pool 

[BAP1] or [BAP2] which are not always displaying identical values for a given pressure & a given temperature 

 
 in case of water steam, relieving isentropic exponent is referred to as γo and can be entered (as input data) using data pool 

[BAP1] or [BAP2] which are not always displaying identical values for a given pressure & a given temperature 
 

 in case of water steam, relieving pressure coefficient is referred to as ksr and can be entered (as input data) using data pool 

[BAP3]. When not entered as input data (e.g. for perfect gases), relieving pressure coefficient ksr is calculated as shown 

in table below  

 
 

 

 
 

 
8F.3: How to use SILDIS 

 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Fuid DIScharge parameters, the software SILDIS is configurated in order to allow the user to access 

to 1 worksheet referred to as “in-out COFDIS” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

General model ALL 

Source [BAP3] 

Comment Depending on relieving pressure po, releving specific volume  νo, relieving isentropic exponent  γo 
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Worksheet [in-out COSAV] 

 

o Input data  

 

Item 
Cell for 

input 
Foreseen action Comment 

Molecular mass of flowing 

fluid M (kg/kmol) 
E10 Input a real number  

Thermodynamic critical 

pressure pc (Pa) 
K10 Input a real number  

Thermodynamic 

temperature  Tc (K) 
K11 Input a real number  

Relieving pressure Po (Pa) E15 Input a real number  

Relieving temperature To 

(K) 
E16 Input a real number  

Compressibilty of fluid at 

relieving conditions Zo 
L17 Input a real number  

Relieving density (calc) ρo 

(kg/m3) 
E17 Input a real number 

in case of perfect gas density is not needed as input 

data, being calculated accounting compressibility 

Relieving isentropic 

exponent γo 
E19 Input a real number  

Relieving specific volume 

νo (m3/kg) 
E20 Input a real number 

in case of perfect gas specific volume is not needed as 

input data, being calculated accounting 

compressibility 

Relieving speed of sound 

wo m/s 
E22 Input a real number  

Relieving pressure 

coefficient kso 
E23 Input a real number 

in case of perfect gas pressure coefficient is not 
needed as input data, being calculated accounting 

compressibility 

Back pressure Pb (Pa) W15 Input a real number  

Compressibilty of fluid at 

back conditions Zb 
AD17 Input a real number  

Dryness fraction of wet gas 

at the valve inlet at 

relieving pressure and 

temperature xo 

S28 Input a real number  

Discharge coefficient Kd Q31 Input a real number  

Derated discharge 

coefficient Kdir 
R31 Input a real number  

Diameter D (m) E38 Input a real number  

Required mass flow rate m 

(kg/s) 
E44 Input a real number  

 
Worksheet [in-out COSAV] 
 

o Main displays of the results (columns P to S) 

 
 discharge capacity G (kg/s/m2) see line 32, discharge capacity G (kg/h/mm2) see line 33 

 

o Main displays of the results (columns P to S) when a diameter is accounted 

 

 
 mass flow rate m (kg/s) see line 38, mass flow rate m (kg/h) see line 39, mass flow rate m (t/h) see line 40, mass flow 

rate m (lb/h) see line 41 

 

o Main displays of the results (columns P to S) when a diameter is accounted 

 

 
 required flow area A (m2) see line 44, required flow area A (mm2) see line 45, required flow area A (in2) see line 46 

 

 required diameter ϕ(m) see line 47, required diameter ϕ(in) see line 48 

 

 

o Other displays of the results  for ideal gas (column E) 

 

 back temperature Tb (K) see line 29 
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 back density ρb (kg/m3) see line 30 

 

 back speed of sound cb (m/s) see line 31 

 
 back Mach number Mb (dimensionless) see line 32 

 
 back (gas) speed Vb (m/s) see line 33 

 

8F.4: Examples of computation with SILDIS 
 

Example 8F.4.1 capacity calculation for gaseous media at critical flow 

 

Envisaged application 

 
It is wished to compute the flow area of a safety valve with a fluid (assumed: ideal gas)  Molecular mass of flowing fluid M=28.02 

(kg/kmol) [1] Thermodynamic critical pressure pc=33.94E5 (Pa) [2] Thermodynamic temperature  Tc=126.05 K [3] Relievingr 

pressure Po=61.5E5 (Pa) [4] Relieving temperature To=293 (K) [5] Compressibilty of fluid at relieving conditions Zo=0.975 [6] 

Isentropic exponent γo=1.4[7] Back pressure Pa=101352.75 (Pa) [8] Derated discharge coefficient Kdir =0.87 [9] Required mass 

flow rate 5 kg/s [10] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Item 

Cell 

for 
input 

Foreseen action 

 

Input Placemark / Comment 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

E10 
Input a real 

number 

 

28.02  [1] 

Thermodynamic 

critical pressure 

pc (Pa) 

K10 
Input a real 

number 

 

33.94E5 [2] 

Thermodynamic 

temperature  Tc 

K) 

K11 
Input a real 

number 

126.05 

[3] 

Relieving pressure 

Po (Pa) 
E15 

Input a real 

number 

61.5E5 
[4] 

Relieving 

temperature To 

(K) 

E16 
Input a real 

number 

 

293 [5] 

Compressibilty of 

fluid at relieving 

conditions Zo 

L17 
Input a real 

number 

 

0.975 [6] 

Relieving 

isentropic 

exponent γo 

E19 
Input a real 

number 

 

1.4 [7] 

Back pressure Pb 

(Pa) 
W15 

Input a real 

number 

101352.75 
[8] 

Derated discharge 

coefficient Kdir 
R31 

Input a real 

number 

0.87 
[9] 

Required mass 

flow rate m (kg/s) 
E44 

Input a real 

number 

5 
[10] 
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Screenshots of the worksheets (for the example of computation) 
 

Worksheet [in-out COSAV] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Report                     Date                                                                                             Page 

PhR24-008                                                                              24-02-2024                                                                                        394/454 

 

 
Isolation Technologie Services - SARL au capital de 7000  Euros  - Siège social : 3 route du Mont Cindre F-69450 Saint Cyr au Mont d’Or 

Tél. +33(0) 952 36 35 31 - E-mail: contact@its-acoustique.fr  - Internet: www.its-acoustique.fr                    

Appendix to Section 8F: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Valves aerodynamic noise 
 

A required flow area (m2) 

D diameter, m 

kso relieving pressure coefficient 

m mass flow rate (kg/s) 

M Molecular weight, kg/kmol 

Po relieving pressure, Pa 

To relieving Temperature, K 

Ρo relieving Density, kg/m3 

νo relieving specific volume m3/kg 
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Section 8G: simulation of the discharge of a fluid through a 
valve vent stack (MODULE 8G of the software) 

 
8G.1: Introduction 
 
Terms and definitions 

 
No specific term or definition for the present section of this user’s manual: 

 

Geometry 

 
Not applicable 

 

8G.2: Scientific and technical background 

 
The simulation of the discharge of a fluid through a valve vent stack with SILDIS is founded on a scientific and technical 

background in relation to: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8G.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8G.2.2 Acoustics & special considerations related to fluid dynamics:  
 

• Bloc diagram : 
 

The computation scheme is not involving any specific bloc diagram. 

Pressure, density, gas speed, sound speed, Mach number are calculated for flow with friction 

Temperature is calculated via dedicated Equation Of State (by the mans of an iterative procedure for which pressure & 

density are considered as input data) 

 

Step [8G-1] 
 

This step aims at calculating the pressure, temperature, density, mach number, speed of sound, gas speed for 1 or more locations of 

the vent stack circuit  

 

o Bibliography (references) : 

 

[8G-1]  

[8G-2]  

[8G-3] 

- 

 

[8G-4] 

- 

 

[8G-5] 

- 
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8G.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Fuid Discharge Vent stack parameters, the software SILDIS is configurated in order to allow the user 

to access to 1 worksheet referred to as “in-out COFDIS” being  not linked to worksheets considered in previous sections of this 

User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
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Worksheet [in-out COFDV] 

 

o Input data  

 

Item 
Cell for 

input 
Foreseen action Comment 

Molecular mass of flowing 

fluid M (kg/kmol) 
F10 Input a real number  

Valve inlet pressure P1 (Pa) F24 Input a real number  

Valve inlet temperature T1 

(K) 
F30 Input a real number  

Valve inlet density ρ1 

(kg/m3) 
F33 Input a real number  

Valve inlet isentropic 

exponent γ1 
F37 Input a real number  

Valve inlet speed of sound 

w1 m/s 
F38 Input a real number  

Valve inlet enthalpy (kJ/kg) F40 Input a real number  

Valve inlet steam condition 

model 
F46 Select a model SUPerheated, SATurated 

Thermodynamic critical 

pressure pc (Pa) 
M10 Input a real number  

Thermodynamic 

temperature  Tc (K) 
M16 Input a real number  

Model of Equation Of State 

(EOS) for calculation of T, 

Z 

M26 Select a model CH4, H2O 

Compressibilty of fluid at 

valve inlet conditions Z1 
M31 Input a real number  

Model for calculation of 

w1calc 
M37 Select a model P&RO, T 

Specific heat (capacity) (at 

constant pressure) 
M40 Input a real number  

Mass flow rate M42 Input a real number  

Vent stack inlet diameter Q33 Input a real number  

Valve exit diameter Q40 Input a real number  

Pipe absolute rugosity T24 Input a real number Not used for calculations 

Pipe relative rugosity T28 Input a real number Not used for calculations 

Stack length T30 Input a real number  

Stack friction parameter T35 Input a real number  

Valve type T37 Select a model 
UMBrella, DIRect connected 

 

Accumulation percentage T39 Input a percentage for model DIRect connected only 

Ambiant (surrounding) 

pressure 
AF24 Input a real number  

Line exit status model AF50 Input a real number LIA, CAS 

 

o Additionnal input data for general model LIA 

 

Item 
Cell for 
input 

Foreseen action Comment 

Consideration of M for 

calculation of V (0/1) ? 
F98, H98 

Enter 0 for NO, 1 for 

YES 
 

Model for calculation of 

critical flow rate 
H87, O87 Select a model C (critical), R (Reservoir) 
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o Additionnal input data for general model CAS 

 

Item 
Cell for 
input 

Foreseen action Comment 

in case of choking line exit 

Model for limiting relative 

pressure drop 

T56 Select a model PRE1, PRE2, PRE3, PRE4 

in case of choking line exit 

Model for limiting net 

expansion factor 

T57 Select a model EXP1, EXP2, EXP3, EXP4, EXP5 

in case of non choking line 

exit Model for net 

expansion factor 

T60 Select a model Y1, Y2, Y3 

in all cases Model for 

discharge capacity & mass 

flow rate 

X56 Select a model CRA, KIR 

in all cases Model for line 

exit status criteria 
X58 Select a model CR1, CRI2, CRI3, CRI4 

Limit value of P2-Pb 

leading to consider P2-

Pb=0 (Pa) 

AF60 Input a real number  

Limit value of PF-PR 

leading to consider PF-

PR=0 (Pa) 

AF61 Input a real number  

 

o Additionnal input data for general model TUP 

 

Item 
Cell for 
input 

Foreseen action Comment 

Model for calculation of 

critical flow rate 
AM87, Select a model C (critical), R (Reservoir) 

 

Worksheet [in-out COFDV] 
 

o Main displays of the results  

 

 answer for the question sonic or not sonic exit ? see line 65 
 

 pressure (Pa) see line 68, temperature (K) see line 74, density (kg/m3) see line 77, speed of sound (m/s) see line 80, 

Mach number see line 81, gas speed (m/s) see line 82, specific volume (m3/kg) see line 84 ; all those parameters are 

also displayed with alternative units 
 

o Main displays of the results for general model LIA 

 
 answer for the question entropy variation criterion satisfied ? see line 89 

 

 answer for the question momentum criterion for non choking flow at valve exit satisfied ? see line 91 
 

 minimum atteignable back pressure see line 93 
 

 answer for the question additional criterion for choking flow at valve exit satisfied ? see line 96 
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8G.4: Examples of computation with SILDIS 
 

Example 8G.4.1 calculation for superheated steam 

 

Envisaged application 

 
It is wished to check the sizing of a valve vent stack for steam [1] Molecular mass M=18.015 (kg/kmol) Isentropic exponent 1.3 

Thermodynamic critical pressure pc=2,206 E7 (Pa) Thermodynamic critical temperature  Tc=647.10 K equation of state model H2O 

 

Valve inlet pressure 8.375 E6 Pa [2] Valve inlet temperature 755.37 K[3]Valve inlet density 25.949 kg/m3 [4]Valve inlet enthalpy 

3350.3 kJ/kg [5] 

Mass flow rate 8.52 kg/s [6] 

Vent stack outlet diameter 0.2 [7] 

Valve exit diameter 0.15 [8] 

Stack friction parameter 2.5 [9] 

Valve type UMBRELLA  [10] accumulation 3% [11] 

Ambient pressure 101325 Pa [12] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in-out COFDV] 

 

o Input data  

 

Item 

Cell 

for 
input 

Foreseen action Input 

 

Placemark / Comment 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

F10 
Input a real 

number 
18.015 

[1] 

Valve inlet 

pressure P1 (Pa) 
F24 

Input a real 

number 
8.375E6 

[2] 

Valve inlet 

temperature T1 

(K) 

F30 
Input a real 

number 
755.37 

[3] 

Valve inlet 

density ρ1 

(kg/m3) 

F33 
Input a real 

number 
25.949 

[4] 

Valve inlet 

isentropic 

exponent γ1 

F37 
Input a real 

number 
1.3 

[1] 

Valve inlet speed 

of sound w1 m/s 
F38 

Input a real 

number 
 

 

Valve inlet 

enthalpy (kJ/kg) 
F40 

Input a real 

number 
3350.3 

[5] 

Valve inlet steam 

condition model 
F46 Select a model SUP 

[1] 

Thermodynamic 

critical pressure 

pc (Pa) 

M10 
Input a real 

number 
2.206E7 

[1] 

Thermodynamic 

temperature  Tc 

(K) 

M16 
Input a real 

number 
647.10 

[1] 

Model of 

Equation Of State 

(EOS) for 

calculation of T, Z 

M26 Select a model H2O 

[1] 

Compressibilty of 

fluid at valve inlet 

conditions Z1 

M31 
Input a real 

number 
 

 

Model for 

calculation of 

w1calc 

M37 Select a model  

 

Specific heat 

(capacity) (at 

constant pressure) 

M40 
Input a real 

number 
 

 

Mass flow rate M42 
Input a real 

number 
8.52 

[6] 

Vent stack inlet 

diameter 
Q33 

Input a real 

number 
0.2 

[7] 

Valve exit 

diameter 
Q40 

Input a real 

number 
0.15 

[8] 

Pipe absolute 

rugosity 
T24 

Input a real 

number 
 

 

Pipe relative 

rugosity 
T28 

Input a real 

number 
 

 

Stack length T30 
Input a real 

number 
 

 

Stack friction 

parameter 
T35 

Input a real 

number 
2.5 

[9] 

Valve type T37 Select a model UMB [10] 

Accumulation 

percentage 
T39 

Input a 

percentage 
3% 

[11] 

Ambiant 

(surrounding) 

pressure 

AF24 
Input a real 

number 
101325 

[12] 

Line exit status 

model 
AF50 

Input a real 

number 
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o Additionnal input data for general model LIA 

 

Item 
Cell 
for 

input 
Foreseen action Input 

 
Placemark / Comment 

Consideration of 

M for calculation 

of V (0/1) ? 

F98, 

H98 

Enter 0 for NO, 

1 for YES 
0, 1 

 

Model for 

calculation of 

critical flow rate 

H87, 

O87 
Select a model R, R 

 

 

Screenshots of the worksheets (for the example of computation) 
 

Worksheet [in-out COFDV] for general model LIA 
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Section 8H: prediction of acoustic and aerodynamic 
performance of vent silencers for pressurized fluids 

(MODULE 8H of the software) 
 

8H.1: Introduction 
 

Terms and definitions 

 
No specific term or definition for the present section of this user’s manual: 

 

Geometry 

 
Not applicable 

 

8H.2: Scientific and technical background 

 
The prediction of acoustic and aerodynamic performance of vent silencers with SILDIS is founded on a scientific and technical 

background in relation to: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

8H.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

8H.2.2 Acoustics & special considerations related to fluid dynamics:  
 

• Bloc diagram : 
 

The computation scheme is not involving any specific bloc diagram. 

Pressure, density, gas speed, sound speed, Mach number are calculated for flow with friction 

Temperature is calculated via dedicated Equation Of State (by the mans of an iterative procedure for which pressure & 

density are considered as input data) 

 

Step [8H-1] 
 

This step aims at calculating the pressure, temperature, density, mach number, speed of sound, gas speed for 1 or more locations of 

the vent stack circuit  

 

o Bibliography (references) : 

 

[8H-1] Cecil R. Sparks Design of High‐Pressure Blowoff Silencers  The Journal of the Acoustical Society of America  (1962) 

[8H-2] 

- 

Cecil R. Sparks, D. E. Lindgren Journal of Manufacturing Science and Engineering Design and Performance of High-

Pressure Blowoff Silencers J. Eng. Ind. May 1971, 93(2): 695-702 
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8H.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of Fuid Discharge of silencer Diffuser, the software SILDIS is configurated in order to allow the user to 

access to 1 worksheet referred to as “in-out COFDIS” being  not linked to worksheets considered in previous sections of this User’s 

Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 

See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
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Worksheet [in-out COFDD] 

 

o Input data  

 

Item 
Cell for 

input 
Foreseen action Comment 

Molecular mass of flowing 

fluid M (kg/kmol) 
F10 Input a real number  

Reservoir inlet pressure 

Pr=P0 (Pa) 
F20 Input a real number  

Reservoir temperature 

Tr=T0(K) 
F26 Input a real number  

Reservoir inlet density ρr= 

ρ0 (kg/m3) 
F29 Input a real number  

Reservoir isentropic 

exponent γr= γ0 
F33 Input a real number  

Thermodynamic critical 

pressure pc (Pa) 
M10 Input a real number  

Thermodynamic 

temperature  Tc (K) 
M16 Input a real number  

Model for calculation of 

w0calc 
M33 Select a model P&RO, T 

Silencer inlet diameter Q39 Input a real number Linked to worksheet “diffuser” 

Silencer outlet diameter X39 Input a real number Linked to worksheet “diffuser” 

Ambiant (surrounding) 

pressure 
AF20 Input a real number  

 

o Additionnal input data for general model SPA 

 

Item 
Cell for 

input 
Foreseen action Comment 

Model for calculation of 

critical flow rate 
M73 Select a model C (critical), R (Reservoir) 

Unsilenced sound power 

level (aka open stack noise 

level) 

M77 Input a real number  

Silenced sound power level M79 Input a real number  

 

Worksheet [in-out COFDD] 
 

o Main displays of the results  

 
 answer for the question sonic or not sonic exit ? see line 65 

 
 pressure (Pa) see line 49, temperature (K) see line 55, density (kg/m3) see line 58, speed of sound (m/s) see line 60, 

Mach number see line 62, gas speed (m/s) see line 63, mass flow rate (kg/s) see line 66 ; all those parameters are also 

displayed with alternative units 

 

o Main displays of the results for model SPA 

 
 sound power level diminution see line 81 
 suggested insertion loss without self noise see line 83 

 suggested self noise reduction see line 84 
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8H.4: Examples of computation with SILDIS 
 

Example 8h.4.1  

 

Envisaged application 

 
Line pressure 2.861 E6Pa [1] , Blow off size .1463 m [2], Silencer outlet diameter 0.615 m [3], Ambient surrounding pressure 10400 

Pa [4], Open stack noise level 120 dB [5], It is wished to find a silencer design to give 12 dB of noise reduction i.e. silenced sound 

power level 108 dB [6] 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Item 
Cell 
for 

input 

Foreseen action Input 
 

Placemark / Comment 

Molecular mass of 

flowing fluid M 

(kg/kmol) 

F10 
Input a real 

number 
 

 

Reservoir inlet 

pressure Pr=P0 

(Pa) 

F20 
Input a real 

number 
2.861E6 

 

[1] 

Reservoir 

temperature 

Tr=T0(K) 

F26 
Input a real 

number 
 

 

Reservoir inlet 

density ρr= ρ0 

(kg/m3) 

F29 
Input a real 

number 
 

 

Reservoir 

isentropic 

exponent γr= γ0 

F33 
Input a real 

number 
 

 

Thermodynamic 

critical pressure 

pc (Pa) 

M10 
Input a real 

number 
 

 

Thermodynamic 

temperature  Tc 

(K) 

M16 
Input a real 

number 
 

 

Model for 

calculation of 

w0calc 

M33 Select a model  

 

Silencer inlet 

diameter 
Q39 

Input a real 

number 
0.1463 

 

[2] 

Silencer outlet 

diameter 
X39 

Input a real 

number 

0.615 m 

 

[3] 

Ambiant 

(surrounding) 

pressure 

AF20 
Input a real 

number 
101400 

 

[4] 

 
o Additionnal input data for general model SPA 

 

Item 

Cell 

for 
input 

Foreseen action Input 

 

Placemark / Comment 

Model for 

calculation of 

critical flow rate 

M73 Select a model R 

 

Unsilenced sound 

power level (aka 

open stack noise 

level) 

M77 
Input a real 

number 
120 dB  

 

[5] 

Silenced sound 

power level 
M79 

Input a real 

number 
108 dB 

[6] 
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Screenshots of the worksheets (for the example of computation) 
 

Worksheet [in-out COFDD] for general model SPA 
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Section 9: computation of sound decay in enclosed spaces  
(MODULE 9 of the software) 

 
9.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply (cf. NF EN ISO 3382-2): 

 

Reverberation time (T): duration necessary for the average acoustic volumetric energy in a room to decrease by 60 dB after noise 

off. Reverberation time can be computed by using a dynamic range below 60 dB, and then extrapolating to the time corresponding to 

a  60 dB decay. It is then noted accordingly. Thus, if T is derived from the first instant where the decay curve reaches 5 dB and 25 

dB below initial level, it is noted T20. If decay values from 5 dB to 35 dB below the initial level are used, it is noted T30. 

 

Geometry 

 
In case of a rectangular (shoebox shaped) room, the geometry is as follows (this is not the only geometry for which simulation can 

be performed): 

 
 

9.2: Scientific and technical background 
 

The prediction of sound decay in a room with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

As far as reverberation time is concerned, the obtained results are comparable with the standardized measurement: see NF EN ISO 

3382-2 Acoustics - Measurement of room acoustics parameters- Part 2: reverberation time in ordinary rooms. 

 

9.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 
 

Step [a] 

 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

9.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of sound decay in a room is according to the bloc-diagram below (cf. fig. 9.2): 

 

 

 

 

 

fig.9.1 
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Note 1:  the service conditions dependence has been omitted for the sake of simplicity.  

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [BAD] to [BAI] have been taken into 

account for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency 

dependence has been omitted for the sake of simplicity  

 

Note 3: depending on the model selected for the step [BAH], steps [BAE], [BAF], [BAG] may not be part of the computation 

scheme 

 
Note 4: depending on the model selected for the step [BAI], step [BAH] may not be a separate part of the computation scheme 

(when the used approach is based on explicit reverberation time allowing a direct calculation of reverberation time) 

 

• Steps of the computation 

 

Step [a] 
 
Cf. section 1 

 
Steps [N], [O] 

 
Cf. section 2 

 
Step [BAD] 

 

This step aims at calculating the walls, floor & ceiling absorption area 

 

o Bibliography (references) : 

 

[BAD1]  

[BAD2]  

 

o Comments : 

 

 the absorption coefficients alpha of walls, floor and ceiling are accounted as shown in the table below: 
 

 

 
 

 

 

 

 

 

 

 

model NAT MOD 

source [BAD1] [BAD2] 

Comment 

NATural 

(i.e. as 

entered as 

Sabine’s 

coefficients) 

MODified 

absorption 

coefficients 

in order to 

limit them to 

100 %): 

fig.9.2 
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Step [BAE] 

 
This step aims at accounting atmospheric absorption 

 

o Bibliography (references) : 

 

[BAE1] 

- 

 

 
o Comments : 

 

 the atmospheric absorption area is computed using an attenuation coefficient of sound power in air accounted for climatic 

conditions as shown in the table below: 

 

 

 

 
 

 

 

 

 

Step [BAF] 

 
This step aims at accounting objects (fitting) absorption area 
 

o Bibliography (references) : 

 

[BAF1] 

- 

 

[BAF2] 

- 

 

 
Step [BAG] 

 
This step aims at accounting the scattering coefficient of walls, floor & ceiling  
 

o Bibliography (references) : 

 

[BAG1] 

- 

- 

 

[BAG2] 

- 

 

[BAG3] 

- 

 

[BAG4] 

- 

 

 

Step [BAH] 

 
This step aims at calculating the sound decay in the room (after noise off) 

 

o Bibliography (references) : 

 

[BAH1] 

- 

- 

 

[BAH2] 

- 

 

[BAH3] 

- 

 

[BAH4] 

- 

 

[BAH5] 

- 

 

 

Temperature (°C) Humidity ratio (%) 

10 

30-50 

50-70 

70-90 

20 

30-50 

50-70 

70-90 
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o  Comments : 

 

 the SPL model is accounted as shown in the table below: 
 

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 the SPLref model i.e. SPL for semi free filed conditions, accounting directivity, is accounted as shown in the table below: 
 

 

 
 

 

 

 

 

 

 

for comparison with international standard BYO should be selected, else, e.g. when measurements results are used for SPL 

(model BYO) AUT should be selectected 

 

 the reference sound decay D* (with reference to which the amplification of sound pressure levels is evaluated in the 

considred room) is accounted as shown in the table below: 
 

 

 
 

 

 

 

 

hS=height of Source 

hP=height of Path 

 
for comparison with international standard D*1 should be selected 

 

 the reference sound decay for directivity correction D* (with reference to which the amplification of sound pressure 
levels in semi free field is evaluated in the considred room) is accounted as shown in the table below: 

 

 

 
 

 

 

 

 

hS=height of Source 

hP=height of Path 

 
for comparison with international standard D*2 should be selected 

 

Step [BAI] 

 
This step aims at calculating the reverberation time of the room 

 

model SAB EYR HOD KUT BAR1 BAR2 

source 
To be 

precised 

To be 

precised 

To be 

precised 

To be 

precised 

To be 

precised 

To be 

precised 

Comment calculated calculated calculated calculated calculated calculated 

model NIJ1 NIJ2 BYO 

source 
To be 

precised 

To be 

precised 

To be 

precised 

Comment calculated calculated 
Bring Your 

Own 

model AUT BYO 

source 
To be 

precised 

To be 

precised 

Comment 

No 

correction is 

applied to 

SPL 

Bring Your 

Own 

model D*1 D*2 D*3 D*4 

source [BAH5] [BAH5] [BAH5] [BAH5] 

Comment Q=1 Q=2 
hS & hP 

accounted 

Q=freely 

selected 

(BYO) 

model D*1 D*2 D*3 D*4 

source [BAH5] [BAH5] [BAH5] [BAH5] 

Comment Q=1 Q=2 
hS & hP 

accounted 

Q=freely 

selected 

(BYO) 
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o Bibliography (references) : 

 

[BAI1] 

- 

- 

 

[BAI2] 

- 
 

[BAI3] 

- 

 

[BAI4]  

[BAI5] 

- 

 

[BAI6] 

- 

 

[BAI7] 

- 

 

[BAI8] 

- 

 

[BAI9] 

- 

 

[BAI10] 

- 

 

[BAI11] 

- 

- 

 

[BAI12] 

- 

- 

 

[BAI13] 

- 

 

[BAI14] 

- 

 

[BAI15] 

- 

 

[BAI16] 

- 

 

[BAI17] 

- 

 

 

o Comments when accounting (natural) Sabine’s coefficients): 

 

 the reverberation time T is computed according to various general models as shown in the table below (with the 

exception of model SAK, all models are implemented in considering  - in parallel - on the one hand: original 

formulas and on the other hand modified formulas to account solid angles)  

 

 

* as per [BAI6], when one suppose a diffuse acoustic field, this means that the dimensions of enclosed space are similar and 

that absorption is distributed in the whole space; the existence of diffusing objects is moderating those limitations. 

 

 

 

 

Model SAB     

Source [BAI1]       

Applicable 

even for non- 

rectangular 

room 

yes       

Non-diffuse 

sound fields 

accounted (*) 

no       

Scattering 

accounted 
no       

Explicit 

formula for T 
yes       

Comment (**)       
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o Comments when accounting modified absorption coefficients in order to limit them to 100 %: 

 

 the reverberation time T is computed according to various general models as shown in the table below (with the 

exception of model SAK, all models are implemented in considering  - in parallel - on the one hand: original 

formulas and on the other hand modified formulas to account solid angles)  

 

 

 

 

Model SAB EYR MIL CRE KUT 

Source [BAI1] [BAI1] [BAI1] 

[BAI2]  

equation 2-

31 

[BAI2][BAI3][BAI4]][BAI5] 

Applicable 

even for non- 

rectangular 

room 

yes yes yes yes yes yes yes 

Non-diffuse 

sound fields 

accounted (*) 

no no no no no (**)(***) no (**)(***) no (**)(***) 

Scattering 

accounted 
no no no no no no no 

Explicit 

formula for T 
yes yes yes yes yes yes yes 

Comment - - - - 

Correction 

for 

inhomogenei

ty 

accounting 

differences 

in absorption 

coefficient of  

elementary 

surfaces αk 

(k=1to N) 

Correction 

for 

inhomogenei

ty 

accounting 

differences 

in absorption 

coefficient of  

opposite 

walls αxj,  

αyj ,αzj 

(j=1 to 2) 

Correction 

for 

inhomogenei

ty 

accounting 

differences 

in absorption 

coefficient of  

opposite 

walls 

couples  αx, 

αy, αx 

 

Model FIT NEU ARA   

Source [BAI1] 
[BAI6] to 

[BAI9] 
[BAI10 [BAI10] [BAI10]  

 

Applicable 

even for non- 

rectangular 

room 

no no no no no   

Non-diffuse 

sound fields 

accounted (*) 

no no no no no   

Scattering 

accounted 
no no no no no   

Explicit 

formula for T 
yes yes yes yes yes   

Comment - - (****) (****) (****)   
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* as per [BAI11], when one suppose a diffuse acoustic field, this means that the dimensions of enclosed space are similar and 

that absorption is distributed in the whole space; the existence of diffusing objects is moderating those limitations. 

 

** for the model KUT only, the relative variance of the path length distribution γ2 (depending on room dimensions ratio) is 

accounted according to various models as shown in the table below: 

 

 

*** for the model KUT only, the inhomogeneity (non-uniform placement) of sound absorption is accounted according to 

various models as shown in the table below: 

 

 

**** for the model ARA only, un-cleared variations occur for modelling when accounting solid angles 

 

The obtained results are comparable with standardized measurement: cf. NF EN ISO 3382-2 Acoustics - Measurement of room 

acoustics parameters- Part 2: reverberation time in ordinary rooms. 

 

9.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of SOund Decay, the software SILDIS is configurated in order to allow the user to access to 1 

worksheet referred to as “in-out COSOD” being  not linked to worksheets considered in previous sections of this User’s Manual   
 

 
 

 

Model ISO NIJ SAK HOD 
 

Source 
[BAI11] to 

[BAI12] 

[BAI11] to 

[BAI12] 

[BAI11] to 

[BAI12] 
[BAI13] 

[BAI14] to 

[BAI16] 
[BAI17] 

 

Applicable 

even for non- 

rectangular 

room 

no no no yes no no 

 

Non-diffuse 

sound fields 

accounted (*) 

yes yes yes no yes no 

 

Scattering 

accounted 
yes yes yes no yes no 

 

Explicit 

formula for T 

yes if 

appropriate 

model used 

yes  if 

appropriate 

model used 

no  if 

appropriate 

model used 

yes no yes 

 

Comment - - - - - - 
 

Model ZER PAR TOT   

Source - 
[BAI3] 

equation 13 

[BAI3] 

equation 12 
  

Comment γ2 =ZERo 

PARtial 

(power series 

approximatio

n) 

TOTal (exact 

formula) 
    

Model ZER PAR1 PAR2 TOT  

Source - 
[BAI3] 

equation 27 

[BAI2] 

equation 2-

80 

[BAI3] 

equation 25 
 

Comment 
ZERo 

consideration 

PARtial ( 

power series 

approximatio

n & not 

accounting 

Σρi2Si2) 

not 
accounting 

Σρi2Si2) 

TOTal (exact 

formula) 
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Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

As far as porous media, series cloths and series perforated protections are concerned, specific data bases (libraries) (will) allow 

the design to be made with in-built engineering data (constants) referred to as “Usual” in the worksheets of the software. 

Warning: some properties of the presently referenced materials still not have been checked by reliable sources. See also report 

[PhRXX-015] Collection of soundproofing constructions systems: a companion to “User’s manual for the software SILDIS”  
 

 data base (library) for porous media 

 

 contents of the library: 21 possible references of material layers 

 

 data base (library) for series cloths 

 

 contents of the library: 21 possible references of material layers 

 

Note: the cloth referenced RESISTAIR can be used (with an appropriate value for the flow resistance) for the simulation 

of losses of a thin plate (for example at normal incidence: due to the conditions of mounting) 

 

  data base (library) for series perforated protections 

 

 contents of the library: 21 possible references of material layers 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
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Worksheet [in-out COSOD] 

 
o Input data : 

Item 
Cell for 
input 

Foreseen action Comment 

Language C1 
for English input E, for 

French input F 
 

Date H1 
Modification of the 

displayed date  
 

Project B3 Input a string  

Title B4 Input a string  

Temperature I5 Input a real number  

Length L (m) D7 Input a real number Room dimension according x-axis 

Width B (m) D8 Input a real number Room dimension according y-axis 

Height H (m) D9 Input a real number Room dimension according z-axis 

xs I12 Input a real number 
Solid angle calculation point coordinate according x-

axis 

ys I13 Input a real number 
Solid angle calculation point coordinate according y-

axis 

zs I14 Input a real number 
Solid angle calculation point coordinate according z-

axis 

hs I16 Input a real number Source height 

Room form variance γ2 E19 Input a real number For model KUT only 

Objet fraction ψ E21 Input a real number For model ISO only 

Sound poser level reference 

spectrum (dB ref.1 pW) 

E24 to 

M24 
Input a real number  

Sound attenuation in air 

coefficient 

E29 to 

M29 
Input a real number In 1E-3 Neper per meter 

Area of elementary surfaces 

E35 to 

E39 & 

E45 to 

E49 [resp.  

E62 to 

E66 &, 

E72 to 

E76 ;  E89 

to E93 & 

E99 to 

E103] 

Input a real number  

Absorption coefficient 

E35 to 

M39 & 

E45 to 

M49 [resp.  

E62 to 

M66 &, 

E72 to 

M76 ;  

E89 to 

M93 & 

E99 to 

M103] 

Input a real number Sabine's coefficient for partitions couples x, y & z 

Scattering coefficient δ   

E42 to 

M42 & 

E52 to 

M52 [resp.  

E69 to 

M69 &, 

E79 to 

M79 ;  

E96 to 

M96 & 

E106 to 

M106] 

Input a real number  

Equivalent absorption area 

of objects associated with 

surfaces 

E55 to 

M55 [resp.  

E82 to 

M82 ;  

E109 to 

M109] 

Input a real number  
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Equivalent absorption area 

of objects present in central 

area 

E115 to 

M115 
Input a real number  

Consideration of model 

MOD for limitation to 100 

% of absorption coefficients 

(0/1) 

K128 
For NO input 0, for YES 

input 1 

If NO is entered, Sabine’s coefficient will be used for 

the simulation 

Variance model C132 Select a model For general model KUT only 

Inhomogeneity model C134 Select a model For general model KUT only 

Modified formula (0/1) G132 
For NO input 0, for YES 

input 1 

For general model NIJ only 

atmospheric attenuation in 

each direction (0/1) 
K134 For general model ARA only 

Elementary time period Δt 

(s) for calculation of T 
O132 Input a real number For general models ISO & SAK only 

T evaluation range start 

(dB) 
O133 Input a real number  ≤ 0 For general models ISO & SAK only 

T evaluation range end (dB) O134 Input a real number < 0 For general models ISO & SAK only 

 

 

o Comments :  

 

 data of the second table (below) are taken into account only for the calculations using solid angles 

 

Item 
Cell for 
input 

Foreseen action Comment 

y mini, y maxi,  

z mini, z maxi 

R35 to 

U39 & 

R45 to 

U49 

Input a real number 
Coordinates of elementary surfaces in x planes i.e. in 

planes x= 0 & x=L 

x mini, x maxi,  

z mini, z maxi 

 R62 to 

U66 &, 

R72 to 

U76 

Input a real number 
Coordinates of elementary surfaces in y planes i.e. in 

planes y= 0 & y=B 

x mini, x maxi,  

y mini, y maxi 

R89 to 

U93 & 

R99 to 

U103 

Input a real number 
Coordinates of elementary surfaces in z planes i.e. in 

planes z= 0 & z=H 

 

o Comments :  

 

 data of the addtional table (below) are taken into account only for the calculations related to sound decay  

 

Item 
Cell for 
input 

Foreseen action Comment 

simplified semi free field 

decay for curves ? (0/1 
M3 

For NO input 0, for YES 

input 1 
In case of “YES” D*=D*2 

SPL Model M4 Select a model  

SPLref model  M5 Select a model  

Dsol=Dsol ref ? S10 
For NO input 0, for YES 

input 1 
 

Log(2)=0.3 ? S11 
For NO input 0, for YES 

input 1 
 

Amplification with respect 

to free field ? (0/1 
S13 

For NO input 0, for YES 

input 1 
 

Model for reference decay S14 Select a model  

Model for reference decay 

for directivity correction 
S15 Select a model  

model for solid angle factor 

for model for reference 

decay D*3 

Z14 Input a real number  

model for solid angle factor 

for model for reference 

decay D*3 

Z15 Input a real number  

 

o Main displays of the results : 

 

Tables of results  
 

 reverberation time considering absorption coefficients as entered, potentially above 100% : see lines 117 to 126  
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 not considering atmospheric attenuation, not considering objects see lines 119 to 121 : not accounting 

solid angles (columns A to O), accounting solid angles (columns R to AB) 

 considering atmospheric attenuation, not considering objects see lines 124 to 127 : not accounting solid 

angles (columns A to O), accounting solid angles (columns R to AB) 

 

 reverberation time considering eventually modified absorption coefficients : see lines 136 to 208 

 

 not considering atmospheric attenuation, not considering objects see lines 136 to 156 : not accounting 
solid angles (columns A to O), accounting solid angles (columns R to AB) 

 considering atmospheric attenuation, not considering objects see lines 161 to 181:  not accounting solid 

angles (columns A to O), accounting solid angles (columns R to AB) 

 considering atmospheric attenuation, considering objects see lines 186 to 206 : not accounting solid angles 

(columns A to O), accounting solid angles (columns R to AB) 

 

 rate of spatial sound decay of sound pressure levels per distance doubling DL2 

 

 excess of sound pressure level DLf 
 

 excess of sound pressure level DL'fr at a specified distance 

 

 

 

9.4: Examples of computation with SILDIS 
 

Example 9.4.1 room with discrepancies in dimensions & with non-homogene distribution of absorbing 

areas  

 

Envisaged application 

 
It is wished to compute for a temperature 14.8°C [1] the reverberation time of an empty room with dimensions L=20 m [2], B=10m 

[3], H=5m [4], when neglecting atmospheric absorption [5], with absorption coefficients as follows: short walls 0.10 [6], long walls 

0.20 [7], floor & ceiling 0.40 [8] and with a scattering coefficient of 0.20 [9] for all surfaces. For models ISO and SAK, , elementary 

time period Δt (s) to be considered is 0.005 s [10], T30 to be considered [11]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 
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Worksheet [in-out COSOD]  

 

Item 
Cell for 

input 
Foreseen action  Input 

See placemark / 

comment 

Temperature I5 Input a real number 14.8 [1] 

Length L (m) D7 Input a real number 20 [2] 

Width B (m) D8 Input a real number 10 [3] 

Height H (m) D9 Input a real number 5 [4] 

Sound attenuation in air 

coefficient 

E29 to 

M29 
Input a real number 0 [5] 

Area of elementary 

surfaces 

E35 to 

E39 & 

E45 to 

E49 [resp.  

E62 to 

E66 &, 

E72 to 

E76 ;  E89 

to E93 & 

E99 to 

E103] 

Input a real number 10 - 

Absorption coefficient 

E35 to 

M39 & 

E45 to 

M49  

Input a real number 0.10  [6] 

Absorption coefficient 

E62 to 

M66 &, 

E72 to 

M76  

Input a real number 0.20 [7] 

Absorption coefficient 

E89 to 

M93 & 

E99 to 

M103 

Input a real number 0.40 [8] 

Scattering coefficient δ   

E42 to 

M42 & 

E52 to 

M52 [resp.  

E69 to 

M69 &, 

E79 to 

M79 ;  

E96 to 

M96 & 

E106 to 

M106] 

Input a real number 0.20 [9] 

Elementary time period Δt 

(s) for calculation of T 
O132 Input a real number 0.005 [10] 

T evaluation range start 

(dB) 
O133 Input a real number  ≤ 0 -5 [11] 

T evaluation range end 

(dB) 
O134 Input a real number < 0 -35 [11] 
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Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in-out COSOD]  
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Appendix to Section 9: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Sound decay 
 

A obj, x (m2) :  equivalent absorption area of objects associated with surfaces for x=0 and x=L 

A obj, y (m2) :  equivalent absorption area of objects associated with surfaces for y=0 and y=B 

A obj, z (m2) :  equivalent absorption area of objects associated with surfaces for z=0 and z=H 

 

N: number of elementary absorbing surfaces considered (for walls, floor & ceiling) 

T: reverberation time (s) 

T20: reverberation time derived from the first instant where the decay curve reaches 5 dB and 25 dB below initial level (s) 

T30: reverberation time derived from the first instant where the decay curve reaches 5 dB and 35 dB below initial level (s) 

 

αx: average absorption coefficient of the couple of opposite walls in direction x 

αy: average absorption coefficient of the couple of opposite walls in direction y 

αz: average absorption coefficient of the couple of opposite walls in direction z 

 

αx1 (resp. αx2): average absorption coefficient of 1 among the couple of opposite walls in direction x 

αy1 (resp. αy2): average absorption coefficient of 1 among the couple of opposite walls in direction y 

αz1 (resp. αz2): average absorption coefficient of 1 among the couple of opposite walls in direction z 

 

αk: absorption coefficient of an elementary wall, floor or ceiling surface considered among N 

 

δ x=0 [resp. δ x=L] : scattering coefficient of surface x=0 [resp. x=L] 

δ y=0 [resp. δ y=B] : scattering coefficient of surface y=0 [resp. y=B] 

δ z=0 [resp. δ z=H] : scattering coefficient of surface z=0 [resp. z=H] 
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Section 9A: prediction of sound spatial decay in open-plan 
offices (MODULE 9A of the software) 

 
9A.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply (cf. NF EN ISO 3382-3): 

 

D2,S: spatial decay rate of speech, rate of spatial decay of A-weighted sound pressure level of speech per distance doubling.  

 

Lp,A,S,1 m: A-weighted sound pressure level of speech at a distance of 1 m, nominal A-weighted sound pressure level in a distance 

of 1 m, when an omnidirectional sound source is emitting a sound power spectrum to reflect speech  

 

Lp,A,S,4 m: A-weighted sound pressure level of speech at a distance of 4 m, nominal A-weighted sound pressure level in a distance 

of 4 m, when an omnidirectional sound source is emitting a sound power spectrum of normal speech, (obtained using a linear 

regression line through a series of measurement positions). 

 

Geometry 
 
In case of a rectangular (shoebox shaped) room, the geometry is as follows (this is not the only geometry for which simulation can 

be performed): 

 
 

9A.2: Scientific and technical background 
 

The prediction of sound decay in open plan offices with SILDIS is founded on a scientific and technical background in relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

As far as spatial decay rate of speech & A-weighted sound pressure level of speech at a distance of 4 m are concerned, Some of the 

obtained results are comparable with standardized measurement NF EN ISO 3382-3 Acoustics -Measurement of room acoustics 

parameters- Part 3: Open plan offices.  

 

9A.2.1Thermodynamics and fluid dynamics:  
 

• Steps of the computation 

 

Step [a] 
 
All computations have been gathered in this single step for the sake of simplicity. See corresponding § in Section 1 

 

9A.2.2 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of sound decay in open plan offices is according to the bloc-diagram below (cf. fig. 9A.2): 

 

fig.9A.1 

y=W 
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Note 1:  the service conditions dependence has been omitted for the sake of simplicity.  

 

Note 2: the main steps (the steps involving a physical modeling) being referred to from [BAJ] to [BAK] have been taken into 

account for the bloc-diagram above (some of the parameters of the above bloc diagram are not independent); the frequency 

dependence has been omitted for the sake of simplicity  

 

• Steps of the computation 

 

Step [a] 

 
Cf. section 1 

 

Steps [N], [O] 

 
Cf. section 2 

 

Step [BAJ] 
 

This step aims at calculating the walls, floor & ceiling absorption area 

 

o Bibliography (references) : 

 

[BAJ1] 

- 

J 

 

o Comments : 

 

No comment 

 

Step [BAK] 
 

This step aims at calculating the walls, floor & ceiling absorption area 

 

o Bibliography (references) : 

 

[BAJ1] 

- 

 

 

o Comments : 

 

No comment 

 

 

 

 
 

 

 

fig.9A.2 
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9A.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the COmputation of SOund Decay for Speech, the software SILDIS is configurated in order to allow the user to access to 

1 worksheet referred to as “in-out COSODS” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   
 
See corresponding § in the chapter General considerations 

 
As far as porous media, series cloths and series perforated protections are concerned, specific data bases (libraries) (will) allow 

the design to be made with in-built engineering data (constants) referred to as “Usual” in the worksheets of the software. 

Warning: some properties of the presently referenced materials still not have been checked by reliable sources. See also report 

[PhRXX-015] Collection of soundproofing constructions systems: a companion to “User’s manual for the software SILDIS”  
 

 data base (library) for porous media 

 

 contents of the library: 21 possible references of material layers 

 

 data base (library) for series cloths 

 

 contents of the library: 21 possible references of material layers 

 

Note: the cloth referenced RESISTAIR can be used (with an appropriate value for the flow resistance) for the simulation 

of losses of a thin plate (for example at normal incidence: due to the conditions of mounting) 

 

  data base (library) for series perforated protections 

 

 contents of the library: 21 possible references of material layers 

 

o some alerts in case of input data involving a warning of the user 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
 

Worksheet [in-out COSODS] 

 
o Input data : 

 

Item 
Cell for 
input 

Foreseen action Comment 

Room length L (m) J2 Input a real number Room dimension according x-axis 

Room width B (m) J3 Input a real number Room dimension according y-axis 

Room height H (m) J4 Input a real number Room dimension according z-axis 

Maximum distance for 

decay prediction r max (m) 
N2 Input a real number  

L,S,1m (dB) D8 to J8 Input a real number  

LA,S,1m (dBA) N8 Input a real number Not to be filled if cells D8 to J8 filled 

Average height of screens 

& storage units h (m) for 

scenario 0 

N13 Input a real number  

Average height of screens 

& storage units h (m) for 

scenario 1 

AB13 Input a real number  

Ceiling absorption 

(coefficient) αc for scenario 

0 

N16 Input a real number Determined acc. to ISO 11654 
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Ceiling absorption 

(coefficient) αc for scenario 

1 

AB16 Input a real number Determined acc. to ISO 11654 

Apparent furnishing 

absorption (coefficient) αf 

for scenario 0 

N17 Input a real number Determined acc. to ISO 11654 

Apparent furnishing 

absorption (coefficient) αf 

for scenario 0 

AB17 Input a real number Determined acc. to ISO 11654 

 

o Comments :  

 

Scenario 0 & scenario 1 are differing by the following parameters only:  

 

o Average height of screens & storage units h (m) 

o Ceiling absorption (coefficient) αc for scenario 

o Apparent furnishing absorption (coefficient) αf 

 

o Main displays of the results : 

 

Tables of results  

 

 spatial decay rate of speech : for scenario 0 see cell N19 ; for scenario 1 see cell AB19 

 

 A-weighted sound pressure level of speech at a distance of 4 m for scenario 0 see cell N23 ; for scenario 1 see cell 

AB23 

 

 spatial decay of speech (A-weighted sound pressure level of speech at a variable distance) see lines 20 to 53  

 

o for scenario 0 see columns C to J 

o for scenario 1 see columns Q to X 

o for comparison between scenarios 0 & scenario 1 see columns AE to AU 

 

9A.4: Examples of computation with SILDIS 
 

Example 9A.4.1 flat room with medium size screens   

 
Envisaged application 

 
It is wished to compute the spatial decay rate of speech, the A-weighted sound pressure level of speech at a distance of 4 m, for an 

open plan office with dimensions L=20 m [1], B=10m [2], H=3.5m [3], as well as the spatial decay of speech (A-weighted sound 

pressure level of speech at a variable distance r max = 12m [4]) , assuming that A-weighted sound pressure level of speech at a 

distance of 1 m is 57.4 dB(A)[5], with an average height of screens & storage units h=2 m [6] with ceiling absorption (coefficient) 

αc=0.6 [7], with apparent furnishing absorption (coefficient) αf=.20 [8]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). 

The input cells will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s 

manual. 

 

Worksheet [in-out COSODS]  

 

Item 

Cell 

for 
input 

Foreseen action 

 

Input See placemark / comment 

Room length L 

(m) 
J2 

Input a real 

number 

20 
[1] 

Room width B 

(m) 
J3 

Input a real 

number 

10 
[2] 

Room height H 

(m) 
J4 

Input a real 

number 

3.5 
[3] 

Maximum 

distance for decay 

prediction r max 

(m) 

N2 
Input a real 

number 

 

12 
[4] 

L,S,1m (dB) 
D8 to 

J8 

Input a real 

number 

- 
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LA,S,1m (dBA) N8 
Input a real 

number 

57.4 
[5] 

Average height of 

screens & storage 

units h (m) for 

scenario 0 

N13 
Input a real 

number 

 

2 
[6] 

Average height of 

screens & storage 

units h (m) for 

scenario 1 

AB13 
Input a real 

number 

 

- 
- 

Ceiling absorption 

(coefficient) αc 

for scenario 0 

N16 
Input a real 

number 

 

0.6 [7] 

Ceiling absorption 

(coefficient) αc 

for scenario 1 

AB16 
Input a real 

number 

 

- - 

Apparent 

furnishing 

absorption 

(coefficient) αf for 

scenario 0 

N17 
Input a real 

number 

 

0.2 

[8] 

Apparent 

furnishing 

absorption 

(coefficient) αf for 

scenario 0 

AB17 
Input a real 

number 

 

- 

- 
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Screenshots of the worksheets (for the example of computation) 

 
Worksheet [in-out COSODS]  
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Appendix to Section 9A: list of symbols  
 

General 

 

Cf. corresponding § in Sections 0 & 1 
  

Sound decay 
 

D2,S (dBA): spatial decay rate of speech, rate of spatial decay of A-weighted sound pressure level of speech per distance doubling.  

 

Lp,A,S,1 m (dBA): A-weighted sound pressure level of speech at a distance of 1 m, nominal A-weighted sound pressure level in a 

distance of 1 m, when an omnidirectional sound source is emitting a sound power spectrum to reflect speech  

 

Lp,A,S,4 m (dBA): A-weighted sound pressure level of speech at a distance of 4 m, nominal A-weighted sound pressure level in a 

distance of 4 m, when an omnidirectional sound source is emitting a sound power spectrum of normal speech, (obtained using a 

linear regression line through a series of measurement positions). 

 

r max (m): maximum distance for decay prediction  
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Section 10: prediction of noise emissions from buildings and 
other constructions (MODULE 10 of the software) 

 
10.1: Introduction 
 

Terms and definitionss 

 
For the needs of the present user’s manual, the following terms and definitions apply: 

 

A building or another construction is a 5-faces set of 4 walls and 1 roof, each: 

 

- with inner conditions (sound pressure level at 1 or 2m from partitions, diffusvity of acoustic field)  

 

- with a macro-directivity in the direction of a receiver (R) 

 

- made of an envelope (with a sound reduction index) & of openings (with a sound reduction index, with a self noise, with 

adirectivity) 

 

- with external sources, of which locations is not interfering with openings (with a sound power level, with a directivity) 

 

Geometry 
 
The geometry for which calculation is possible is aface of a building or of another constrtction i.e. a rectangular wall or roof. 

 

 

 
 

10.2: Scientific and technical background 
 

The prediction of noise emissions from buildings and other constructions is founded on a scientific and technical background in 

relation with: 

 

o analytical models for taking into account the various physical phenomena useful on the occasion of the computation 

o measurement results for feeding some of those models and for allowing the necessary improvement (through correction 

factors) of the correlation between some calculations and on site observations  

 

Some of the obtained results are comparable with standardized calculations: cf. ISO 12354-4 Building acoustics — Estimation of 

acoustic performance of buildings from the performance of elements — Part 4: Transmission of indoor sound to the outside.  

 

10.2.1 Acoustics:  
 

• Bloc diagram : 
 

The computation scheme of noise emissions from buildings and other constructions is according to the bloc-diagram 

below (cf. fig. 10A.2): 

 

 

 

 

 

fig.10A.1 
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• Steps of the computation 
 

Step [A] 
 

This step aims at considering the inside sound pressure level 
 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the inside sound pressure level is, in the context of calculations subject of the present Module 10 of the software SILDIS, 

an input data: 
  

 possibly measured on site 

 possibly given in a specification 

 possibly calculated by the means of other simulation tools e.g SILDIS Module 9 of software SILDIS for prediction 
of sound decay in enclosed spaces 

 

Step [B] 
 

This step aims at considering the acoustic field diffusivity 

 

o Bibliography (references) : 

 

[A1] 

- 

 

[A2] 

- 

 

fig.10A.2 
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o Comments : 

 

 the acoustic field diffusivity is, in the context of calculations subject of the present Module 10 of the software SILDIS, an 

input data: 
 
 possibly taken from bibliographic data e.g. [A1] when characteristic impedance is 400 Rayls/m 

 possibly adjusted as per [A2] when characteristic impedance is not 400 Rayls/m 

 

Step [C] 
 

This step aims at considering the enveloppe & openings sound transmission loss & sound power level 
 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the enveloppe & openings sound transmission loss & sound power level are, in the context of calculations subject of the 

present Module 10 of the software SILDIS, input data: 
 
 possibly taken from laboratotry measurement reports e.g. (for silencers) based on standard NF EN ISO 7235 Acoustics 

- Laboratory measurement procedures for ducted silencers and air terminal units- Insertion loss, flow noise and total 

pressure loss or (for plane partitions) based on standard NF EN ISO 140-3 Acoustics - Measurement of sound insulation 

in buildings and of building elements – Part 3: Laboratory measurement of airborne sound insulation of building 

elements or  

 possibly calculated by the means of other simulation tools e.g. (for silencers) SILDIS Module 1 prediction of acoustic 
and aeraulic (aerodynamic) performance of silencers or (for plane partitions) SILDIS Module 2 prediction of 

acoustic performance of plane partitions  
 

Step [D] 
 

This step aims at considering the external noise sources sound power level 

 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the external noise sources sound power level is, in the context of calculations subject of the present Module 10 of the 

software SILDIS, input data: 
 
 possibly measured on site or in a laboratory 

 possibly given in a specification 

 

Step [E] 
 

This step aims at calculating the total sound power level 
 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the total sound power level is, in the context of calculations subject of the present Module 10 of the software SILDIS, 

derived through a logarithmic sum 
 

Step [F] 
 

This step aims at considering the directivity 

 

o Bibliography (references) : 

 

[F1] 

- 

 

[F2]  
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o Comments : 

 

 the directivity is, in the context of calculations subject of the present Module 10 of the software SILDIS, an input data 
 

 possibly taken from bibliographic data e.g. [F1], [F3]  

 combining (for the direction of receiver R) a macro-diectivity (valid for the face of the building or of another 

construction) as a whole and a directivity individually valid for each opening and each external noise source 
 

Step [G] 
 

This step aims at considering the geometrical divergence 

 

o Bibliography (references) : 

 

[G1] 

- 

 

[G2]  

[G3] 

- 

 

[G4]  

 

o Comments : 

 

 the divergence is, in the context of calculations subject of the present Module 10 of the software SILDIS, derived 

depending on distance, solid angle factor, angular distribution of energy  
 

 

 

 

 
 

 

 

 

 the divergence is possibly adjusted as per [G2] when characteristic impedance is not 400 Rayls/m 

 

Step [H] 
 

This step aims at considering a ground effect for a vertical face, if not already accounted in step [G] 

 

o Bibliography (references) : 

 

[H1]  

[H2] 

- 

 

 

o Comments : 

 

 the divergence is, in the context of calculations subject of the present Module 10 of the software SILDIS, derived 

depending on distance, solid angle factor, angular distribution of energy  
 

 

 

 

 
 

 

 

 

Step [I] 
 

This step aims at considering the atmospheric sound attenuation 

 

o Bibliography (references) : 

 

[I1] 

- 

 

 

model omni ISO ENC 

source 
[G2] 

 

[G1] 

 

[G2] 

 

Comment - - - 

model ENC ZER 

source 

[H1] [H2] 

 

 

- 

Comment - 
ZERo 

consideration 
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o Comments : 

 

 the atmospheric sound attenuation is, in the context of calculations subject of the present Module 10 of the software 

SILDIS, an input data: 
 
 possibly taken from bibliographic data e.g. [I1] 

 possibly calculated by the means of other simulation tools e.g. SILDIS Module 8B prediction of atmospheric sound 

absorption  
 

Step [J] 
 

This step aims at calculating the difference between sound power level and sound pressure level at a specified location 

 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the difference between sound power level and sound pressure level at a specified location is, in the context of 

calculations subject of the present Module 10 of the software SILDIS, derived through a sum 
 

Step [K] 
 

This step aims at calculating the sound pressure level at a specified location 

 

o Bibliography (references) : 

 

Not applicable 

 

o Comments : 

 

 the sound pressure level at a specified location is, in the context of calculations subject of the present Module 10 of the 

software SILDIS, derived through a logarithmic sum ; corrections (other noise sources, amplification due to sound reflection 

at receiver, background noise) are accounted to obtain a contextualized sound pressure level at a specified location 
 

10.3: How to use SILDIS 
 

Operating conditions / security level / safety 
 

See corresponding § in the chapter General considerations 
 

Worksheets 

 
Regarding the Module 10, the software SILDIS is configurated in order to allow the user to access to worksheets referred to as “in-

out” and “E &Oi” and “Lp global A” being  not linked to worksheets considered in previous sections of this User’s Manual   

 

Input data, alerts and results: the key points 

 

The best use of the software requires the knowledge of some key points in relation with: 

 

o the input data   

 
See corresponding § in the chapter General considerations 

 

o some alerts in case of input data involving a warning of the user 

 

o the place where (and the way) some results are presented  

 

Those key points are reviewed worksheet per worksheet hereafter: the cells will be referred to thanks to their EXCEL’s coordinates 

(column / line) in the following part of the present user’s manual. 
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Worksheet [in-out] 

 
o Input data (page 1): 

 

Item 
Cell for 

input 
Foreseen action Comment 

impedance Z0 (Nsm-3) E16 Input a real number >0 For outdoor 

Dimensions of the building 

or construction face with a 

center C xmaxi (L) 

E20 Input a real number >0 In case of a wall, this is its length 

Dimensions of the building 

or construction face with a 

center C ymaxi (H) 

E21 Input a real number >0 In case of a wall, this is its height 

Coordinates of receiver R 

xR 
B25 Input a real number  - 

Coordinates of receiver R 

yR 
B26 Input a real number  - 

Coordinates of receiver R 

zR 
B27 Input a real number >0 - 

Directivity index DI (dB) 
C37 to 

K37 
Input a real number 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

Solid angle factor Q B41 Input a real number 2, 4, 8 

Model for the consideration 

of ground reflections 
B42 Select a model for a vertical face, ENC or ZER 

Ground sound absorption 

(only for model ENC 

ground model) 

C46 to 

K46 

Input a real number from 

0 to 1 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

selected atmospheric sound 

attenuation per km 

C59 to 

K59 
Input a real number ≥0 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

Sound pressure level due to 

another noise source 

C70 to 

K70 
Input a real number 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

Amplification due to sound 

reflections (at receiver R) 

C71 to 

K71 
Input a real number 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

Background noise level 
C73 to 

K73 
Input a real number 

Per frequency band, from central frequency 31 Hz to 

8 kHz 

Targeted NR curve (dB) B79 Input a real number ≥0 - 

Reference sound pressure 

level Lp ref (dB ref. 2E-

5Pa) 

C82 to 

K82 
Input a real number ≥0 - 

Reference sound pressure 

level Lp ref (dB ref. 2E-

5Pa) 

L862 Input a real number - 

 

o Input data (page 2): 

 

Item 
Cell for 
input 

Foreseen action Comment 

impedance Z0 (Nsm-3) V4 Input a real number >0 For indoor 

Sound pressure level inside 

at 1 or 2 m from partitions 

(dB ref. 2E-5 Pa) 

X6 to AF6 Input a real number - 

Diffusivity of inner acoustic 

field Cd (dB) 
X7 to AF7 Input a real number - 

Enveloppe Sound reduction 

index Re (dB) 

X13 to 

AF13 
Input a real number ≥0 - 

Enveloppe  Model for D AG14 Select a model OMNI or ISO or ENC 

Opening 1 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S20, T20, 

U20, V20 
Input a real number ≥0 - 

Opening 1 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X20 to 

AF20 
Input a real number ≥0 - 

Opening 1 sound power 

level Lwi (dB ref. 1 pW) 

X21 to 

AF21 
Input a real number ≥0 - 

Opening 1 directivity index 

Dci (dB) 

X22 to 

AF22 
Input a real number ≥0 - 

Opening 1 Model for D AG23 Select a model OMNI or ISO or ENC 
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Opening 2 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S25, T25, 

U25, V25 
Input a real number ≥0 - 

Opening 2 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X25 to 

AF25 
Input a real number ≥0 - 

Opening 2 sound power 

level Lwi (dB ref. 1 pW) 

X26 to 

AF26 
Input a real number ≥0 - 

Opening 2 directivity index 

Dci (dB) 

X27 to 

AF27 
Input a real number ≥0 - 

Opening 2 Model for D AG28 Select a model OMNI or ISO or ENC 

Opening 3 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S30, T30, 

U30, V30 
Input a real number ≥0 - 

Opening 3 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X30 to 

AF30 
Input a real number ≥0 - 

Opening 3 sound power 

level Lwi (dB ref. 1 pW) 

X31 to 

AF31 
Input a real number ≥0 - 

Opening 3 directivity index 

Dci (dB) 

X32 to 

AF32 
Input a real number ≥0 - 

Opening 3 Model for D AG33 Select a model OMNI or ISO or ENC 

Opening 4 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S35, T35, 

U35, V35 
Input a real number ≥0 - 

Opening 4 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X35 to 

AF35 
Input a real number ≥0 - 

Opening 4 sound power 

level Lwi (dB ref. 1 pW) 

X36 to 

AF36 
Input a real number ≥0 - 

Opening 4 directivity index 

Dci (dB) 

X37 to 

AF37 
Input a real number ≥0 - 

Opening 4 Model for D AG38 Select a model OMNI or ISO or ENC 

Opening 5 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S40, T40, 

U40, V40 
Input a real number ≥0 - 

Opening 5 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X40 to 

AF40 
Input a real number ≥0 - 

Opening 5 sound power 

level Lwi (dB ref. 1 pW) 

X41 to 

AF41 
Input a real number ≥0 - 

Opening 5 directivity index 

Dci (dB) 

X42 to 

AF42 
Input a real number ≥0 - 

Opening 5 Model for D AG43 Select a model OMNI or ISO or ENC 

External source A 1 xmini 

(m), xmaxi (m), ymini (m), 

ymaxi (m) 

S54, T54, 

U54, V54 
Input a real number ≥0 - 

External source A sound 

power level Lwi (dB ref. 1 

pW) 

X55 to 

AF55 
Input a real number ≥0 - 

External source A 

directivity index Dci (dB) 

X56 to 

AF56 
Input a real number ≥0 - 

External source A Model 

for D 
AG57 Select a model OMNI or ISO or ENC 

External source B 1 xmini 

(m), xmaxi (m), ymini (m), 

ymaxi (m) 

S59, T59, 

U59, V59 
Input a real number ≥0 - 

External source B sound 

power level Lwi (dB ref. 1 

pW) 

X60 to 

AF60 
Input a real number ≥0 - 

External source B 

directivity index Dci (dB) 

X61 to 

AF61 
Input a real number ≥0 - 

External source B Model 

for D 
AG62 Select a model OMNI or ISO or ENC 
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Reference sound power 

level Lw ref (dB ref 1 pW) 

X80 to 

AF80 
Input a real number ≥0 - 

Reference sound power 

level Lw ref (dB ref 1 pW) 
AG84 Input a real number ≥0 - 

 

o Main displays of the results : 

 

Tables of results  

 

 total sound power level Lw tot (dB ref. 1 pW) : see cells X73 to AF73 per frequency band, from central frequency 

31 Hz to 8 kHz and see cell AG73 overall, A-weighted 

 

 necessary improvement Lw - Lw ref (dB): see cells X81 to A813 per frequency band, from central frequency 31 

Hz to 8 kHz and see cell AG81 overall, A-weighted (see also cell AG85) 

 

 contextualized sound pressure level Lp (dB ref. 2E-5Pa) : see cells C89 to K89 per frequency band, from central 

frequency 31 Hz to 8 kHz and see cell L89 overall, A-weighted 

 

 contextualized sound pressure level Lp (dB ref. 2E-5Pa) with A-weighting : see cells C74 to K74 per frequency 

band, from central frequency 31 Hz to 8 kHz and see cell L74 overall, A-weighted 

 

 necessary improvement Lp - Lp ref (dB): see cells C83 to K83 per frequency band, from central frequency 31 Hz 

to 8 kHz and see cell L83 overall, A-weighted (see also cell L87) 

 

Worksheet [E &Oi] 
 
o Input data: 

 

Not applicable 

 

o Main displays of the results : 

 

Drawing of envelope & openings locations see cells F8 to DA57 

 

Worksheet [A+B] 

 
o Input data: 

 

Not applicable 

 

o Main displays of the results : 

 

Drawing of external sources A+B locations see cells F8 to DA57 

 

Worksheet [Lp global A] 

 
o Input data: 

 

Not applicable 

 

o Main displays of the results : 

 

Sound pressure level in reception point due to each of the 5000 cells modeling the partition Lp ref. 2E-5 Pa - global pondéré A - overall 

A-weighted see cells F8 to DA57 

 

Deviation from average of sound pressure level in reception point due to each of the 5000 cells modeling the partition Lp ref. 2E-5 Pa 

overall A-weighted see cells F79 to DA57 
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10.4: Examples of computation with SILDIS 
 

Example 10.4.1 industrial building wall  

 

Envisaged application 

 
It is wished to compute the sound pressure level at a specified location, in front of an industrial building wall. Characteristic 

impedance of air inside the building, as well as outside, is considered as being 400 Ns/m3 [1]. The building wall is with a length of 

m [2] and with a height of 12.5 m [3]. Receiver (i.e. specified location for the calculation of sound pressure level) is in the middle of 

the length of the building [4], at a height above ground of 1.5 m [5], at a distance of 5 m [6]. Macro-directivity of building face in 

receiver direction is considered as being zero [7]. A solid angle factor being 4 is considered [8], assuming to include ground 

reflections, for what specific consideration is therefore not needed [9]. Atmospheric sound attenuation is neglected [10].  

 

Sound pressure level inside at 1 or 2 m from partitions (dB ref. 2E-5 Pa) per frequency band, from central frequency 31 Hz to 8 kHz 

is considered as follows: 70, 70 ,74, 76, 72, 70, 67, 62, 57 [11], with a diffusivity of -5 dB [12].  

 

Enveloppe sound reduction index Re (dB) per frequency band, from central frequency 31 Hz to 8 kHz is considered as follows: 32, 

32, 36, 36, 33, 39, 49, 57, 63 [13]. Model ISO is considered for divergence moel, for eenveloppe, openings & external noise sources 

[14].  

 

A first opening (O1) consists of an industrial door which is located at 28.0 m from left building face extremity with a width of 5.6 m 

and with a height above ground of 4 m [15]. Sound reduction index RO1 (dB) per frequency band, from central frequency 31 Hz to 8 

kHz is considered as follows: 13, 26, 28, 33, 33, 36, 37, 40, 38 [16], with a directivity 0 dB [17]. 

 

A second opening (O2) consists of a ventilation air inlet (silencer+fan) which is located at 6.4 m from left building face extremity 

with a width of 5.6 m and with a height above ground of 3 m [18]. Sound reduction index RO2 (dB) per frequency band, from 

central frequency 31 Hz to 8 kHz is considered as follows: 1, 6, 16, 28, 50, 50, 50, 39, 24 [19] ; self noise) Sound power level (dB) 

per frequency band, from central frequency 31 Hz to 8 kHz is considered as follows: 80, 80, 81, 79, 75, 70, 64, 62, 60 [20] , with a 

directivity 3 dB [21]. 

 

An external source (A) consists of aerocondensers set which is located at 0.0 m from left building face extremity with a width of 4.8 

m and with a height between 8 m and 10 m above ground of 3 m [22]. sound power level LwA (dB ref. 1 pW) per frequency band, 

from central frequency 31 Hz to 8 kHz is considered as follows: 52, 53, 54, 53, 52, 51, 49, 47, 42 [23], with a directivity 6 dB [24]. 

 

Input data 

 
The input data required for the computation are listed hereafter in reference with the above data (see placemarks). The input cells 

will be referred to thanks to their EXCEL’s coordinates (column / line) in the following part of the present user’s manual. 

 

Worksheet [in-out] 

 

o Input data (page 1): 

 

Item 
Cell for 
input 

Input See placemark / comment 

impedance Z0 (Nsm-3) E16 400 [1] 

Dimensions of the building 

or construction face with a 

center C xmaxi (L) 

E20 40 [2] 

Dimensions of the building 

or construction face with a 

center C ymaxi (H) 

E21 12.5 [3] 

Coordinates of receiver R 

xR 
B25 20 [4] 

Coordinates of receiver R 

yR 
B26 1.5 [5] 

Coordinates of receiver R 

zR 
B27 5 [6] 

Directivity index DI (dB) 
C37 to 

K37 
0 [7] 

Solid angle factor Q B41 4 [8] 

Model for the consideration 

of ground reflections 
B42 ZER [8] 

Ground sound absorption 

(only for model ENC 

ground model) 

C46 to 

K46 
0 [9] 

selected atmospheric sound 

attenuation per km 

C59 to 

K59 
0 [10] 
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o Input data (page 2): 

 

Item 
Cell for 

input 
Input See placemark / comment 

impedance Z0 (Nsm-3) V4 400 [1] 

Sound pressure level inside 

at 1 or 2 m from partitions 

(dB ref. 2E-5 Pa) 

X6 to AF6 
70, 70 , 74, 76, 72 , 70, 

67, 62, 57 
[11] 

Diffusivity of inner acoustic 

field Cd (dB) 
X7 to AF7 -5 [12] 

Enveloppe Sound reduction 

index Re (dB) 

X13 to 

AF13 

32, 32, 36, 36, 33, 39, 49, 

57, 63 
[13] 

Enveloppe Model for D AG14 ISO [14] 

Opening 1 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S20, T20, 

U20, V20 
28, 33.6, 0, 4 [15] 

Opening 1 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X20 to 

AF20 

13, 26, 28, 33, 33, 36, 37, 

40, 38 
[16] 

Opening 1 sound power 

level Lwi (dB ref. 1 pW) 

X21 to 

AF21 
- - 

Opening 1 directivity index 

Dci (dB) 

X22 to 

AF22 
0 [17] 

Opening 1 Model for D AG23 ISO [14] 

Opening 2 xmini (m), 

xmaxi (m), ymini (m), 

ymaxi (m) 

S25, T25, 

U25, V25 
6.4, 12.0, 0, 3 [18] 

Opening 2 Sound reduction 

index Ri (dB) / sound 

power level Lwi (dB ref. 1 

pW) 

X25 to 

AF25 

1, 6, 16, 28, 50, 50, 50, 

39, 24 
[19] 

Opening 2 sound power 

level Lwi (dB ref. 1 pW) 

X26 to 

AF26 

80, 80, 81, 79, 75, 70, 64, 

62, 60 
[20] 

Opening 2 directivity index 

Dci (dB) 

X27 to 

AF27 
3 [21] 

Opening 2 Model for D AG28 ISO [14] 

External source A 1 xmini 

(m), xmaxi (m), ymini (m), 

ymaxi (m) 

S54, T54, 

U54, V54 
0, 4.8, 8, 10 [22] 

External source A sound 

power level Lwi (dB ref. 1 

pW) 

X55 to 

AF55 

52, 53, 54, 53, 52, 51, 49, 

47, 42 
[23] 

External source A 

directivity index Dci (dB) 

X56 to 

AF56 
6 [24] 

External source A Model for 

D 
AG57 ISO [14] 
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O Screenshots of the worksheets (for the example of computation) 

 

Worksheet [in-out] 
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Worksheet [E &Oi] 

 

 
 

Worksheet [A+B] 

 

 
 

Worksheet [Lp global A] 
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Appendix to Section 10: list of symbols  
 

General 

 

Cf. corresponding § in Sections 1 & 2 
  

Noise emissions from buildings and from other constructions 
 

A/B external noise sources 

Lpint : sound pressure level inside building, at 1 or 2 m from partitions 

DcA/B: diecrtivity index of external source A/B 

DcOi: directivity index of opening Oi 

DI macro-directivity of building or construction face in the direction of receiver 

Lp sound pressure level (dB ref 1 2E-5Pa) 

Lw sound power level (dB ref 1 pW) 

LwA/B : sound power level of external source A/B (dB ref 1 pW) 

Lwdif : sound power level inside building, relating to pseudo-diffuse acoustic field (dB ref 1 pW) 

LwOi : sound power level inside building, in front of opening Oi, not relating to pseudo-diffuse acoustic field (dB ref 1 pW) 

Roi: sound reduction index of opening Oi 

Oi openings i.e. surfaces with a nature different of enveloppe (i=1 to 5) 

Q solid angle factor 

xO=0, yO=0, zO= coordinates of origin 

xC, yC, zC coordinates of face center C 

xR, yR, zR coordinates of receiver R 

 

 

 

 

 

 

 

 

 

 
 


