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a single Excel based software for a wide range of applications

Updated by Philippe Reynaud on February 2024 the 16th (philippe.reynaud@its-acoustique.fr)

LTS Overview of features

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 (Sound Impact Limitation Design for Industrialized Solutions) 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, with a reliability
based on the agreement of the prediction results with existing computation schemes and with measurement
results (hundreds of comparisons for various types of computations)

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.

as far as materials are concerned (such as porous media, series cloths, series perforated protections, and thin
plates: see below), specific libraries (data bases) with more than 20 references for each kind of acoustic layer
allow the design to be made with in-built engineering data (constants).

almost all acoustics calculations are performed at single frequencies (20-20kHz) 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

o 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.

o orresonant 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:

o 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

o 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

Isolation Technologie Services - SARL au capital de 7000 Euros - Siége 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



Report Date Page
PhR24-013 17-06-2024 2/45

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

o 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 4 prediction of acoustic performance of straight ducts
o 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

o 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 section (with a rectangular cross
section)

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

MODULE 6 prediction of acoustic performances of bends and junctions (in ducts systems)

o  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
o  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

o 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 prediction of atmospheric sound 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
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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 prediction 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 sound spatial decay in open-plan offices

Some of the obtained results are comparable with standardized measurement NF EN 1SO 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

ITS Applications

= SILDIS is useful for consulting projects and products/construction systems development projects
involving sound reduction/airborne noise insulation by the means of passive acoustics solutions in
various domains: protection of workers, protection of environment, energy sector, measurement rooms,
building
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MODULE 1 Prediction of acoustic and aerodynamic performance of silencers

LTS Scope of computation

acoustique

= design of devices reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the
carriage of the fluid (dissipative: 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 or
resonant: with Pine Tree splitters producing an acoustic attenuation from weakly damped resonances of
elements containing or not containing absorbing materials - at the rear of the chambers or lateral -).

LTS Applications

= creation of a sound transmission loss by the means of the construction of a silencer possibly included in
a (soundproofing) industrial building/ booth/wall/screen: protection of workers, protection of environment,
energy sector, measurement rooms, building, notably:

v' ventilation of enclosures and/or air input for thermodynamic processes for various noisy equipments
such as fans, aero condensers, engines, gas turbines...

v' ventilation of test benches and/or air input for thermodynamic processes of test benches...

v" noise reduction of stacks, exhaust of gas turbines...

lTS Computation scheme (bloc diagram) for dissipative silencers: adapted for resonant silencers

COmputation of Acoustic LAyers COmputation of Dlssipative Silencers
(COALA) (CODIS)

I
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porous media [B]

surface impedance propagation loss,
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ITS Main/special features, main effects taken into account

= design possible for multilayered acoustic structures: most sophisticated acoustic structure available (for
the lining / for half a splitter) as shown on the figure below (air flow according x-direction, thickness of the lining
/ half a splitter according y-direction)

set 4 set 3 set 2 set 1
IEE I IEE IE :
ik e &
e L B A n, !
o 1 I
o b b —
S [ IE 1E IE: | symetry plane / impervious rigid back
' QP O ML K IH G ED C -
item layer (*) * selected among a library including for each kind of layer more than 20
C,G KO porous medium (**) referenced materials
D,HL,P series cloth (**) **some cloths and some perforated protections can also be considered as
E.ILMQ series perforated protection porous layers for the computation
%)

= for an acoustic structure including a porous medium (i.e. polyester, rock wool, basalt wool, glass wool, foam
...for which the engineering data can be referenced or air): behavior taken into account from to the
microscopic scale level in relation with the properties such as flow resistivity [cf. fig. 1] and other parameters
for a locally reacting absorber or a bulk reacting absorber with a possible inhomogeneity of properties such as
flow resistivity (ox, oy on figures below) or other parameters, of 1 layer in directions perpendicular to and
parallel to its surface [cf. fig. 2]
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= effect of alaminated lining (for each layer: different properties such as flow resistivity [cf. fig. 3] or other
different parameters): taken into account

= effect of a cloth (i.e. fabric, unwoven...for which the engineering data can be referenced): taken into account
[cf. fig. 4]

= for an acoustic structure including a perforated protection (i.e. perforated sheet with circular holes and square
or hexagonal array, perforated sheet with square holes, infinite slots... for which the engineering data can be
referenced): interaction of the protection with a porous medium at the front/at the rear taken into
account [cf. fig. 5]

= by-pass correction taken into account [cf. fig. 6]

= reflection loss taken into account [cf. fig. 7]

= effect of temperature/of pressure taken into account [cf. fig. 8] [cf. fig. 9]

= effect of the velocity of air flow (other than self noise [cf. fig. 10], self noise [cf. fig. 11]) taken into account

= different possible geometries for the splitters/the lining: rectangular, semi circular or profiled aerodynamic
type upstream/downstream (cross section for a dissipative silencer: rectangular, square or round - with or

without central pod, with or without up to 3 intermediate annular splitters -, cross section for a resonant
silencer: rectangular)
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|TS Main results displayed for the acoustic structure used for the lining/half a splitter (with an impervious rigid
™ back/a symmetry plane):

= complex surface impedance for normal incidence: Z per 1/3 and 1/1 octave frequency band
= absorption coefficient at normal incidence: a0 per 1/3 and 1/1 octave frequency band
= the results of the calculations are comparable with the standardized measurement: see ISO 10534-1

Acoustics — Determination of sound absorption coefficient and impedance in impedance tubes — Part
1: Method using standing wave ratio.

|TS Main displayed results for the silencer (tables and graphs):
= total pressure loss (and non dimensional total pressure loss coefficient)

= insertion loss without flow: for 3 usual different conditions of propagation of sound inside the lining per 1/1
octave frequency band (as well as A-weighted overall value with respect to a reference spectrum)

= insertion loss with flow without flow noise Di’(detailing longitudinal attenuation Da.L, bypass
correction Dc and reflection loss Dr) for 3 usual different conditions of propagation of sound inside the lining
per 1/3 and 1/1 octave frequency band (as well as A-weighted overall value with respect to a reference
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= self noise (acoustic power of flow noise) per 1/1 octave frequency band (as well as A-weighted overall
value)
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= A-weighted and not A-weighted acoustic power with silencer Lw1 for 3 usual different conditions of
propagation of sound inside the lining (comparable with the not A-weighted acoustic power without
silencer Lw0) per 1/1 octave frequency band

OLw) ELwl

3163 125 250 500 1k 2k 4k 8k 16k A
f(Hz)

= insertion loss with flow and self noise for 3 usual different conditions of propagation of sound inside the
lining per 1/3 and 1/1 octave frequency band (as well as A-weighted overall value with respect to a
reference spectrum)
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= the results of the calculations for a rectangular silencer 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
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LTS Scope of computation

Prediction of acoustic and aerodynamic performance of silencers with
discontinued splitters

= design of devices reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the
carriage of the fluid (dissipative: 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).

ITS Applications

= creation of a sound transmission loss by the means of the construction of a silencer possibly included in
a (soundproofing) industrial building/ booth/wall/screen: protection of workers, protection of environment,
energy sector, measurement rooms, building, notably:

v' ventilation of enclosures and/or air input for thermodynamic processes for various noisy equipments

such as fans, aero condensers, engines, gas turbines...

v' ventilation of test benches and/or air input for thermodynamic processes of test benches...
v" noise reduction of stacks, exhaust of gas turbines...

ITS computation scheme (bloc diagram) for dissipative silencers:

COmputation of Acoustic LAyers
(COALA-1A)

back [A-1A] bi

porous media [B-1A]

series cloths [C-14] surface impedance [E-1A] —

series perforated
protections [D-1A]

propagation loss, with flow
[F-1A]

bypass correction [G-1A]

COmputation of Dissipative Silencers

(CODIS-1A)

insertion loss without self

lTS Main/special features, main effects taken into account

= design possible for 1 multilayered acoustic structure

i
|

Airway I
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E

= porous medium (i.e. rock wool) behavior taken into account for an absorber with an inhomogeneity of flow

D

C

noise [J-1A]
reflection loss [H-1A]
land
element
mark
series
E perforated
protection
series cloth
D
c porous
medium

acoustic power with
silencer including self
noise & insertion loss with
self noise [K-1A]

self noise [I-1A] j

resistivity of the layer in directions perpendicular to and parallel to its surface

= effect of a negligible cloth for which the engineering are referenced): taken into account

= perforated protection (i.e. perforated sheet with circular holes for which the engineering data are referenced):

taken into account as negligible

= by-pass correction taken into account
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reflection loss taken into account
effect of temperature/of pressure taken into account within in the limit of room conditions

effect of the velocity of air flow (other than self noise & as self noise) taken into account within of Mach
number from -0.3 to 0.3

different possible geometries for the splitters/the lining: rectangular, semi circular or profiled aerodynamic
type upstream/downstream (cross section for a dissipative silencer: rectangular)

Main displayed results for the silencer (tables and graphs):

total pressure loss (and non dimensional total pressure loss coefficient)

insertion loss without flow for 1 condition of propagation of sound inside the splitters filling 1/1 octave
frequency band (as well as A-weighted overall value with respect to a reference spectrum)

insertion loss with flow without flow noise Di’(detailing longitudinal attenuation Da.L, bypass
correction Dc and reflection loss Dr) for 1 condition of propagation of sound inside the lining per 1/3 and 1/1
octave frequency band (as well as A-weighted overall value with respect to a reference spectrum)
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self noise (acoustic power of flow noise) per 1/1 octave frequency band (as well as A-weighted overall
value)

A-weighted and not A-weighted acoustic power with silencer Lw1 for 1 condition of propagation of sound
inside the lining (comparable with the not A-weighted acoustic power without silencer LwO0) per 1/1
octave frequency band
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insertion loss with flow and self noise for 1 condition of propagation of sound inside the splitters filling per
1/3 and 1/1 octave frequency band (as well as A-weighted overall value with respect to a reference
spectrum)
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= the results of the calculations for a rectangular silencer 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
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MODUI-E 1B Prediction of acoustic and aerodynamic performance of reactive silencers

LTS Scope of computation

= design of devices reducing the acoustic transmission in a duct, a pipe or an aperture, without preventing the

carriage of the fluid (reactive: silencer for which the major part of the attenuation involves no acoustic energy
dissipation).

ITS Applications

= creation of a sound transmission loss by the means of the construction of a silencer: protection of
workers, protection of environment, energy sector, measurement rooms, building, notably:

v" noise reduction of stacks, exhaust of thermal engines...

ITS Computation scheme (bloc diagram) for dissipative silencers:

COmputation of REactive Silencers

(COREA)
sound power with
transmission loss, silencer including
with flow, without self self noise &
noise [BAQ]

transmission loss
with self noise
self noise [BAR] [BAS]

ITS Main/special features, main effects taken into account

= design possible for various types of tubes

Uniform Tube(s) group (UT)

o .

Uniform Tube (UT)

Extended Tube(s) group (ET)

- -
- — - -

Extended Qutlet (EO) Reversal Expansion (RE)

= —
— - - -

Extended Inlet (El) Reversal Contraction (RC)
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Side Tube(s) group (ST)

1]

L - - -
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Side Inlet (SI) Side Outlet (SO)

Transverse Tube(s) group (TT)
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Transverse Inlet (T1) Transverse Outlet (TO)

Variable Tube(s) group (VT)
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!

Variable Tube (VT)

Dissipative Section (DS) as computed with Module 1 of software SILDIS
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Dissipative Section (DS) as computed with
Module 1 of software SILDIS

Helmoltz Resonator(s) group (HR)
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Perforated tube(s) group (PT)
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Concentric Tube Resonator (CTR)
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Cross Flow Expansion (CFE) Cross Flow Contraction (CFC)

e  preconfigured mountings involving_long expansion chambers

v"in-line chambers

EC1 = 1 expansion chamber
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EC2 = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes)
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EC3 = 3 expansion chambers, with 1 or several connecting tubes, without connecting tubes overlapping
_ e 0 | (@ o] D @
= O o o o o o o

P —

v chambers with side inlet

EC1SI = 1 expansion chamber, with side inlet
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EC2SI = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),

with side inlet
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EC3SI = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),

with side inlet
0 | | @ o | | @ [ J
o (-] o L) o o

.0 | | | | T
f Panea 1

v chambers with side outlet

EC1SO = 1 expansion chamber, with side outlet

o o
= @ o

=1 Paae 1

EC2SO0 = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),
with side outlet

_ e o |
= 0 o

| Ao 1

EC3SO0 = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),
with side outlet

o 0 | |
= Q@ o o
| |

v chambers with side inlet & with side outlet

EC1SISO = 1 expansion chamber, with side inlet, with side outlet

~—1 Page 1

EC2SISO = 2 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),
with side inlet, with side outlet

Isolation Technologie Services - SARL au capital de 7000 Euros - Siége 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



Report Date Page
PhR24-013 17-06-2024 15/45

EC3SISO = 3 expansion chambers, with 1 or several connecting tubes (without overlapping between connecting tubes),
with side inlet, with side outlet

" Page 1

v' chambers with overlapping tubes

EC1R1 = 1 expansion chamber, with overlapping tubes

= @
X

o
Dﬁﬂf\ 4

EC1R2 =1 expansion chamber, with 2 overlapping tubes in expansion chamber 1

=0 °
° o
o DA~nA~ A1

EC2R22 = 2 expansion chambers, with 2 overlapping tubes in expansion chamber 1, with 2 overlapping tubes in
expansion chamber 2

= © o o )
° °
o o o

= preconfigured mountings involving_short expansion chambers

EC1R1* = 1 expansion chamber, with 1 flow reversal

eLleL

Pane 1

= 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

= o o o
nAAIA A
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= the preconfigurated mountings (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

=0 o o

Concentric

=——= Page 1

ECHRLNEC = Expansion Chamber + Helmholtz Resonator Long Neck + Expansion Chamber

HR2SN = double Helmholtz Resonator Short Neck & HR1LN = double Helmholtz Resonator Long Neck

Side branch
=0 o [ ] o &

Concentric

[ o Q o
—° Pa

= the preconfigurated mountings (involving Perforated Tubes) for which performance acoustic & aerodynamic
simulation is possible are as follows:

EC1P1 1 expansion chamber, with 1 perforated tube

| |
= o o

EC1P2 1 expansion chamber, with 2 perforated tubes

| |
=0 o | o (]
| () |

ECF+ expansion with perforated tube, uniform tubes
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|Ts Main displayed results for the silencer (tables and graphs):

acoustique

= total pressure loss

= transmission loss with flow per 1/3 & 1/1 octave frequency band (as well as A-weighted overall value
with respect to a reference spectrum)

4B

TL ¢
60
. I

= insertion loss with flow with a substitution duct per 1/3 & 1/1 octave frequency band (as well as A-
weighted overall value with respect to a reference spectrum)

. 1L sd (dB) Lsd (dB)
LLsd 4B) Tea | "™ F e [ Ulaer
o
o1 04
w0
0 02 2213
L .
o
1 b (1 fo0 00
20 08 ke 51,0 E
sk 4L
" p || T
Rty 18 8l 50,1 499
o 10k X
[HIII te
@ 82 16k -4 43
- 20k o
refiwo] A E ref: Lwd

= noise reduction with flow with an additional duct per 1/3 & 1/1 octave frequency band (as well as A-
weighted overall value with respect to a reference spectrum)

Nt N4
B (4B) il avre v M) Viet
80 25 26 800
© 31,5 226 2.7 1k 302
40 3N L5k
w0 50 27 160k
w0 al ; 63 08 28 2k ALl
2 Y 50 P 250k

¢ 160
" | | ﬁ | 200 530k | s0

W . 250 8k 45,0 48.6
& 315 10k 50,9

THIC ] 00 o | eis

= self noise (acoustic power of flow noise) per 1/1 octave frequency band (as well as A-weighted overall
value)

A-weighted and not A-weighted acoustic power with silencer Lwl (comparable with the not A-weighted
acoustic power without silencer Lw0) per 1/1 octave frequency band

= transmission loss with flow and self noise per 1/3 and 1/1 octave frequency band (as well as A-
weighted overall value with respect to a reference spectrum)

oL mLwl

B ef 1 pW
.

31 63 125 230 300 1k 2k 4k 8k 16k A
f(Hz)
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= the results of the calculations for a rectangular silencer 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

obi' mDi

==

31 63 125 250 500 1k 2k 4k Sk 16k A
(Hz)

aB
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Prediction of acoustic performance of plane partitions

MODUI-E 2

LTS Scope of computation

®  design of acoustic structures (products and construction systems) for which the shape of the surfaces from the
one hand: facing the front atmosphere and from the other hand: at the rear are sufficiently close to a plane (for
example: including corrugated plates and profiled claddings)

ITS

acoustique

Applications

= creation of a sound reduction by the means of the construction of a (soundproofing) industrial
building/ booth/wall/screen with or without limiting the amplification of sound level on 1 or 2 sides of
the acoustic protection (0,1 or 2 absorbing faces)

= limitation of the amplification of sound level on 1 or 2 sides of an acoustic protection: protection of
workers, protection of environment, energy sector, measurement rooms, building, notably:

v' construction of enclosures for various noisy equipments such as fans, aero condensers, engines,
gas turbines...

v' construction of test benches...

v" noise reduction of stacks, exhaust of gas turbines...

LTS Computation scheme (bloc diagram)

COmputation of Acoustic Layers
(COALA)

COmputation of Plane PArtitions
(COPPA)

absorption coefficient a0

absorption cosfficient
astat [0]

| back [A]

Sabine's factor ausab [O]

sound reduction
index of sound leaks

[ (1 leaf) }
COmputation of PERForated plat ‘ surface sound reduction index sound reduction
COmputa ‘OWfODERFm ed plates series cloths [C] ‘ i without sound leaks [P'] index with sound  |-»—
L ! (1 leaf) leaks [T'] (1 leaf)
COmputation of DAmped Plates " I
(CODAP) series perforated
protections [D] . sound reduction t
sound reduction index for| index for coupling 0
perforated plate [M] coupling 0 %, without .
sound leaks [P] %, with sound leaks

[M.‘]dampmg series thin plates [M]

sound reduction
index of sound leaks |+~
18]

1

consirained damping sound reduction

insertion loss for
ceupling 0 % with
sound leaks [U]

"]

sound reduction index for|
coupling 100 %, without

sound leaks [Q]

index for coupling
100 %, with sound
leaks [V]

plates with more than
1 bending stiffness
(M™]

d reduction ind N
sound racuction ineiex sound reduction with

with connections, without connactions, with
sound leaks (2 leaves)
Rl —— sound leaks [W]
1)

COmputation of ORThotropic plates
(COCRT)

1
1l
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ITS Main/special features, main effects taken into account

design possible for multilayered acoustic structures (including: laminated absorbing materials)

set2 setl set ()
| | T
_':E" _':E ‘1 rear atmosphere ?
S 1N L ? -
S e . ox
A 4 i
: ~ I ] I £, rigid impervious hack ?
/' JIH G FED C B
item layer (*) * selected among a library including for each kind of layer more than 20
C.G porous medium (**) referenced materials
D,H series cloth (**) **some cloths and some perforated protections can also be considered as
E, I series perforated protection porous layers for the computation
(** ***indeed: 1 or several identical plate(s) treated as a whole
B, F,J plate (***)

B (resp. F, J) monolithic or B=B2+Blor B=B3+B2+BL1 (resp. F=F2+F1 or F=F3+F2+F1; J=J2+J1 or
J=J3+J2+J1) as shown below (zoom)

B B B B2 B1 B3 B2 Bl

F F F F2 F1 F3 F2 F1

J J J J2 1 J3 2 11

when
basic Whﬁrt]h' monolithic plate with plate with
ithi monolithic i i

monlollthlc the plate can the platg can extensional constrained
plate be profiled damping damping

be perforated

for an acoustic structure including a porous medium (i.e. polyester, rock wool, basalt wool, glass wool, foam
...for which the engineering data can be referenced or air): behavior taken into account up to the
microscopic scale in relation with the properties such as flow resistivity [cf. fig. 12] and other parameters for a
locally reacting absorber

effect of a laminated lining (for each layer: different properties such as flow resistivity [cf. fig. 13] or other
different parameters): taken into account

effect of a cloth (i.e. fabric, unwoven...for which the engineering data can be referenced): taken into account
[cf. fig. 14]

for an acoustic structure including a perforated protection (i.e. perforated sheet with circular holes and square
or hexagonal array, perforated sheet with square holes, infinite slots...for which the engineering data can be
referenced): interaction of the protection with a porous medium at the front/at the rear taken into
account [cf. fig. 15]

for an acoustic structure including a thin plate (i.e. metal sheet, masonry, gypsum board, wood, glass ...for
basic plates): perforated plates taken into account, extensional damping (for example: steel sheet +
viscoelastic) or constrained damping (for example steel sheet + viscoelastic + steel sheet) taken into
account, orthotropic plates (for example: corrugated plates, ribbed plates, profiled cladding....) taken into
account

effect of temperature/of pressure taken into account [cf. fig. 16] [cf. fig. 17]

effect of back (rear atmosphere or impervious rigid back) taken into account [cf. fig. 18]
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absorption coefficient at normal incidence alpha0 absorption coefficient at normal incidence alpha0
120 100 SOURPTERRR S oo
© BkNsm-4. 090 L]+ mNsm,A‘ = LRI
1,00 1 = 12k +vs » 72kNsm-4| .2
LA 'W‘ T
16kNsm-4| . :.... 080 m | 0 =
0,60 1| M2akNsm-4 _ . 070 - —
48k il:,“ﬂ" 060 L4
S 0,60 4| ® 72KNsm- L g 050 -
s L/ s 2
Tu 3 040 -
0,40 e 0.30 =
020 v 020 =
e 1.
3 o e
0,00 = 000 *2
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
f(Hz) f(Hz)
absorption coefficient at normal incidence alpha0 absorption at normal alpha0
120 120
 without = with  without = with
1,00 =550 1,00 TR
¢ i
080 5 080 - =
. . K
= . .
£ 00 2 060 -
= . £ i
. s .
040 — - 040 et
. .
020 + = ®
0 . 020 =
ws® . .
000 = =ay -
1 10 100 1000 10000 100000 0,00
i(H2) 1 10 100 1000 10000 100000
1(Hz)
absorption coefficient at normal incidence alphad absorption coefficient at normal incidence alpha0d
120 120
+ 100kPa = 200kPa ADOkP% +20°C #300°C  600°C
1,00 ekt h 100 - *
A873500 ,:..n-‘“
080 20 on
. 0,80
PR e
e
g 060 . 2060 =
s 0 £
L R B 5
040 e 040 g
o .
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Lo »
22t n
000 000 o
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1,00 ~
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080 +
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s
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.
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o
0,00 .
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Fig. 18
lTs Main displayed results for plates (only):

—— acoustique

=  engineering constants of thin plates equivalent to perforated plates, damped plates, orthotropic plates

= radiation ratio, (lowest & highest in case of orthotropic plates) critical frequency of thin plates & lowest
natural frequency of thin plates (with the exception of plates with a constrained damping)
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ITS Main displayed results for the whole acoustic structure (tables and graphs):

= absorption coefficient at normal incidence: a0, absorption coefficient for a statistic incidence: astat,
Sabine’s factor: asab per 1/3 and 1/1 octave frequency band, unique index aw (figure below: for a porous
medium with an impervious rigid back)

ipead alpha stat ) 13 n:p Ty @) T
2 12 23 0,03 200
315 0,05 0,05 | 0,08 1k 094 | 095
! 1 -
e 40 00 125k
/ 50 011 1.60%
o8 08 [ 016 | 017|015 2 035 (095
30 023 2,50k
06 06 100 031 315k
} 125 041 | osifog0[ 4k 093 (095
04 04 160 052 Sk
200 0,62 6,30k
02 02 / 250 o | om|es0 sk 096 | 095
o b 315 081 10k
0 7 0 o 100 087 12,50k
10 100 1000 10000 fHz) 100000 10 100 1000 10000 f(Hz) 100000 55“2 gg“ 090 | 1:;« 097 | 095
ap o

[ow 005 ] class. A |

= sound reduction index with sound leaks: TRstat per 1/3 and 1/1 octave frequency band, unique index
Rw and correction terms (for a single leaf, or a double leaf or a triple leaf partition with 0 % coupling)
(figure below: for a single isotropic thin plate with an atmospheric back)

N R dif (dB; R dif (dB]
R dif (@B) s 13oct | 1Moot 1) 13oct | 1loa

s 2 L7 500 218

315 23 24 1k 234 22
50 3 40 31 125k 23,0
’ 50 11 160k 266

40 63 52 52 2K 280 278
80 54 350k 233
30 100 77 515 302

/ 125 91 2.0 4k 302 20
20 " 160 105 Sk 212
’! 200 120 630k 215

10 250 136 134 8k 286 253
'-'ll v 313 152 10k 338
0 400 168 12,50k 380

10 100 1000 10000 gHz) 100000 500 184 183 16k 417 4038
550 20.1 20k 56

A 22,7 vef: Ll
h@ PR | C L [ cs0-5000 1 -1 [ C100-5000 1 |
| = S Cies0-5000 5 5 | Cer100-5000 4 |

= sound reduction index for a double-leaf partition with connections between thin plates with sound
leaks: Rstat per 1/3 and 1/1 octave frequency band, unique index Rw and correction terms

R stat (dB) R stat (dB)
Rstat (45) 1) TAect | 1oet @) TRoct | 1oat
140 2 49 500 SLL
120 31§ 57 57 1k 564 545
/ 40 66 125k 614
100 30 73 1,60k 662
63 835 84 2K 707 93
80 80 93 2,50k 749
- /1 100 97 315k 785
125 94 85 4k 81,1 799
10 / 160 69 Sk 503
Jf 200 82 630k 765
20 250 19.0 126 Sk 36,7 808
o | - 315 210 10 954
400 337 12,50k 1019
10 100 1000 10000 fEHZ) 100000 500 399 3713 16k 1084 1036
530 56 20k 1148
ref: Lv0 A 272 ref: Lw0
[T O B C0500 o cesm 5 Jciosen EN |
—cu 2100 [ Ctr50-3000 11| Cus0-3150 JI1__ | Ctr100-5000 0|

= theresults of the calculations are comparable with the standardized measurement: (in case of
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.

= acoustic power with the partition Lwl (comparable with the acoustic power without partition LwO0) per
1/1 octave frequency band

L0 BLwl 4B ref. LpW
: 1(Hz) 1/1n:lp
160
B 1300 1210
1o m 63 1300 1223
120 — 125 1300 1183
100 i 250 1300 1093
z 500 1300 5.1
= 1 1k 1300 883 ... etc
E H 2k 1300 770
Z 4 L ik 1300 647
0 | sk 1300 582
16k 1300 434
’ 31 63 125 250 500 1k 2k 4k 8 16k A A 137.L Loce
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MODULE 3 Prediction of acoustic performance of duct walls

Scope of computation

acoustique

= design of duct walls for which the cross section is either rectangular or circular (for example: including folded
spiral seam tubes)

ITS Aoplications

—— acoustique

= creation of a sound reduction by the means of the construction of a (soundproofing) duct wall/silencer
wall: protection of workers, protection of environment, energy sector, measurement rooms, building

notably:

v' construction of ventilation inlet/outlet for enclosures for various noisy equipments such as fans,
aero condensers, engines, gas turbines...

v' construction of ventilation inlet/outlet of test benches...

v' construction of stacks, exhaust silencers of gas turbines...

ITS Computation scheme (bloc diagram)

acoustique

= rectangular duct

COmputation of Acousfic Layers COmputation of REctangular Duct walls

(COALA (CORED)

back [A] —_—

poraus media [B] sound reduction

index of sound leaks
= 711 leaf)
COmputation of PERForated plates surfana impedancs sound reduction index —_— sound raduction
e e series cloths [C] — e b without sound leaks Px] - o+ indlex with soung

COPERF) (11eaf) leaks (1 leaf)
COmputation of DAmped Plates
{CODAP) series perforated
protections [0]
perforated plate M) - - -
' (1 stes! eaf) -
emﬂm["h:!.]dmp'"g saries thin plates [M] ——— sound reduction

index of sound leaks
[S71(1 leef)

sound reduction index sound reduction
without sound lesks [X] . index with sound
leaks (1 stesl leaf)

= circular duct

COmputation of Acoustic Layers COmputation of Clrcular Duct walls

(COALA; (cociD)

| |
| .

back [4] [

porous media B] sound reduction
! index of sound lesks -+
- [S](1 leaf)
Omentation of PERForsted piste surface Impedance ‘sound reduction index sound reduction
mpua ‘”‘,“"p’ orated e series claths [C] [E]P' without sound leaks [Y] (- index with sound
COPERF) leaf) losks (1 leaf)
COmputation of DAmped Plates ,—I—l |

CODAP) series perforated |
pretections [0 sound reduction index sound reduction
without sound leaks [Y'] index with sound
perforated piate [M] (1 folded spiral seam —_|ieaks (1 folded spral
1 1 Ieaf) seam |eaf)

sound reduction
index of sound leaks

[57(1 leaf)

extensional damping series thin plates [M]
L]
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ITS Main/special features, main effects taken into account

= design possible for 1 leaf acoustic structures (for the present revision of the software), with a rectangular or
circular cross section (including folded spiral-seam ducts)

item

layer (*)

B

plate (***)

B monolithic or B=B2+Blas shown below (zoon

B

basic
monolithic
plate

B

when
monolithic
the plate can

be perforated

B2 B1

plate with
extensional
damping

* selected among a library including for each kind of layer more than 20
referenced materials

***indeed: 1 or several identical plate(s) treated as a whole

= for an acoustic structure including a thin plate (i.e. metal sheet, masonry, gypsum board, wood, glass ...for
basic plates): perforated plates taken into account, extensional damping (for example: steel sheet +
viscoelastic) or constrained damping (for example steel sheet + viscoelastic + steel sheet) taken into
account, orthotropic plates (for example: corrugated plates, ribbed plates, profiled cladding....) taken into

account

= effect of temperature/of pressure taken into account

LTS Main displayed results for the whole acoustic structure (tables and graphs):

= sound reduction index with sound leaks: Rstat per 1/1 octave frequency band, unique index Rw and
correction terms (for a single leaf) (figure below: for a steel pipe with an atmospheric back)

Rdif (4B

)

£(Hz)

R dif (4B; R dif (dB)

11 fais)
oct 173 oct 171 oct

315

8.1 1k 512

20

50

63

0

250k 24

100

125

80 ... etc

160

200

250

315

1000

10000 fHz) 100000

400

500

630

ref: Lw0 A ref: Lwll

= 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 performance of straight ducts

ITS Scope of computation

acoustique

= design of components of a duct system with a constant cross section being either rectangular or circular

ITS Applications

acoustique

= consideration of the sound reduction of the components of duct systems on the occasion of the
evaluation of the sound levels at the extremity (mouth) of duct systems: protection of workers, protection
of environment, energy sector, measurement rooms, building

notably:

v' construction of air conditioning systems as well as ventilation systems for enclosures for various
noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks )
such as fans, engines, gas turbines...

v' construction of ventilation systems for auxiliary premises or buildings, test benches...

ITS Computation scheme (bloc diagram)

acoustique

acoustic power
including self noise
»—  &insertion loss

with self noise [AU]

insertion loss without
self noise [AS]

longitudinal attenuation
(AR] self noise [AT]

|TS Main/special features, main effects taken into account

= design possible with a rectangular or circular cross section (including folded spiral seam tubes)
= design possible for thin ducts (e.g. for conditioning systems applications) as well as for thick ducts
(e.g. for stacks)

Main displayed results (tables):

= insertion loss without self noise of straight duct section Di’ per 1/1 octave frequency band (as well as
A-weighted overall value with respect to a reference spectrum)

= self noise of straight duct section Lw per 1/1 octave frequency band (as well as A-weighted overall
value)

= sound power level downstream of considered straight duct section Lw1 per 1/1 octave frequency band
(as well as A-weighted overall value)

= insertion loss with self noise of straight duct section Di per 1/1 octave frequency band (as well as A-
weighted overall value with respect to a reference spectrum)

(figure below: for a rectangular duct)

[T ivsextion loss without self noise
‘ {Hz) { 31 { 63 | 125 250 500 1000 2000 4000 8000 16000 A
Di' (dB) 24 24 24 12 0,6 06 06 0,6 0.6 0.6 2,7

self noise

31 | 63 | 125 | 250 500 1000 2000 4000 8000 16000 A
82 | &0 | 25 | 23 | 82 | -aso | -222 | 298 | -314 | 452 | 60 |
312 | 202 | 136 | -108 | 114 | 150 | 210 | -288 | 385 | 518 |
sound power level downstream of considered duct
31 [ 63 [ 125 250 | 500 [ 1000 2000 | 4000 | 8000 | 16000 | A |
82 | 623 | 487 374 | 309 [ 255 198 | 223 | 243 | 452 | 381 |
312 | 361 | 326 | 288 | 277 | 255 | 210 | 233 | 232 | 518 |
insertion loss with self noise
[ f(Hz) 3 ] 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | 16000 | A |
[ Di (dB) | 2082 | 24 [ 24 | 12 | 06 | o6 | 06 | 06 | 06 | 1548 | 27 |

= the obtained results are not comparable with standardized measurement due to the lack of documents
formalizing corresponding measurement procedures
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Prediction of break-out noise

MQDUI-E 5

Scope of computation

= design of components of a duct system with a cross section being either rectangular or circular

ITS Applications

acoustique

= consideration of the sound emission of the components of duct systems on the occasion of the
evaluation of the sound levels due to noise transmission trough the duct walls: protection of workers,
protection of environment, energy sector, measurement rooms, building

notably:

v' construction of air conditioning systems as well as ventilation systems for enclosures for various
noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks )
such as fans, engines, gas turbines...

v' construction of ventilation systems for auxiliary premises or buildings, test benches...

ITS Computation scheme (bloc diagram)

acoustique

e Bloc diagram in case of a silencer

back 4]

sound raduction index
of saun leaks [31 (1 [+
lea)

poreus media [B]

— sound reducticn ingex
o sutace mpedance [E] | wihout sound lesks [X] (1
. ean

‘sound reduction indsx.
series cioths [2] W soundlesks (1 e
Ran

senes perormed |
pratecsens (0]

sound reducticn index ‘sound reduction index.
o wilhout sourd lesis [X] (1
wiaslieaf)

pectorslsd pste ]

- i sound esis {1 |-
e smeliean ]

sanscne cancig | seris hin plates [M]

Sound reduction indsx. bresk ol sourd
of sound lesks [S] (1 |~
ean)

- pwer evel in
sound lesics [4V]

Inserton loss. sel 1/ | _
satoZ

back[a]

porcuss medin (2]

senes cioms (]

serles parforaied
protecsons (]

surtace mpedance ]

| propagation oas
it iz [F]

insertion loss.
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naise (<]
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e Bloc diagram in case of an empty duct

back 4]

poreus media [B]

— ‘sound reduction index Sound reduction indsx.
series cloths [C] o sutace mpedance [E] | wihout sound leaks [X] (1 - > W soundiesks (1 |-
. an anm

senes perormen |

l protectons (O]

wiaslieaf) o mmeliean ]

anscoa)dpng N ——— Sound recucon [— oss ——
ot snd sk 51 |- - | i scunaeshs e v win
ean B Sounalesis [AY]

Inserton loss. sel 1/ | _
satop

ienghudnal anenusion self ncise [AT
AR 7

ITS Main/special features, main effects taken into account

acoustique

= design possible either for straight ducts (with a rectangular cross section, or with a circular cross
section -including folded spiral seam ducts) or for silencers

= design possible for thin duct casings (e.g. for conditioning systems applications) as well as for thick
ducts casings (e.g. for stacks)

LTS Main displayed results (tables):

= sound power level transmitted by the walls of duct / of silencer Lwout per 1/1 octave frequency band
(as well as A-weighted overall value)

(figure below: for a rectangular duct)

S o povwer level transmitted by the walls of duct / of silencer

[ f(Hz) [ 31 | 8 [ 125 [ 250 | 500 | 1000 | 2000 | 4000 [ 8000 [ 16000 | A |
| Lw out (dB ref. 1 pW) | 127 | ssa3 | a7 | e 43 | w03 | 248 342 | mp0 | 794 | 199 |
| Lw out (4BA ref_1 pW) | 267 | 200 | 216 | 106 Ll | 103 | 236 332 | 331 | -860 |

= the obtained results are not comparable with standardized measurement due to the lack of documents
formalizing corresponding measurement procedures
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I-E 5‘ Prediction of break-out noise of ducts with variable cross section

LTS Scope of computation

= design of components of a duct system with a cross section being rectangular (with a width being constant,
with a height at duct section inlet being different from height at duct section outlet)

e Applications

= consideration of the sound emission of the components of duct systems on the occasion of the
evaluation of the sound levels due to noise transmission trough the duct walls: protection of workers,
protection of environment, energy sector, measurement rooms, building

notably:

v' construction of air conditioning systems as well as ventilation systems for enclosures for various
noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks )
such as fans, engines, gas turbines...

v/ construction of ventilation systems for auxiliary premises or buildings, test benches...

LTS Computation scheme (bloc diagram)

e Bloc diagram in case of an empty duct: as in section 5 (downstream step to be considered only)

Main/special features, main effects taken into account

= design possible for ducts with a rectangular cross section
= design possible for thin duct casings (e.g. for conditioning systems applications) as well as for thick
ducts casings (e.g. for stacks)

LTS Main displayed results (tables):

= sound power level transmitted by the walls of duct / of silencer Lwout per 1/1 octave frequency band
(as well as A-weighted overall value)

(figure below: for a rectangular duct)

S o povwer level transmitted by the walls of duct / of silencer

[ f(Hz) [ 31 | 8 [ 125 [ 250 | 500 | 1000 | 2000 | 4000 [ 8000 [ 16000 | A |
| Lw out (dB ref. 1 pW) | 127 | ssa3 | a7 | e 43 | w03 | 248 342 | mp0 | 794 | 199 |
| Lw out (4BA ref_1 pW) | 267 | 200 | 216 | 106 Ll | 103 | 236 332 | 331 | -860 |

= the obtained results are not comparable with standardized measurement due to the lack of documents
formalizing corresponding measurement procedures
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MODUI'E 6 Prediction of acoustic performance of bends and junctions

ITS Scope of computation

acoustique

design of components of a duct system: with a rectangular cross section, or with a circular cross section,
or with mixed cross sections

lTS Applications

acoustique

= consideration of the sound reduction of the components of duct systems on the occasion of the
evaluation of the sound levels at the extremity (mouth) of duct systems: protection of workers, protection
of environment, energy sector, measurement rooms, building

notably:
v' construction of air conditioning systems as well as ventilation systems for enclosures for various
noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks)

such as fans, engines, gas turbines...
v' construction of ventilation systems for auxiliary premises or buildings, test benches...

LTS Computation scheme (bloc diagram)

insertion loss without ) acoustic power

including self noise
& insertion loss
with self noise [AY]

self noise [AW]

self noise [AX] |

lTs Main/special features, main effects taken into account

acoustique

= design possible with a rectangular or circular cross section or with mixed cross sections

lTS Main displayed results (tables):
~"Of junction
= insertion loss without self noise of bend Di’ per 1/1 octave frequency band (as well as A-weighted
overall value with respect to a reference spectrum)
= self noise of bend or junction Lw per 1/1 octave frequency band (as well as A-weighted overall value)
= sound power level downstream of considered bend or junction Lw1l per 1/1 octave frequency band (as
well as A-weighted overall value)
= insertion loss with self noise of bend or junction Di per 1/1 octave frequency band (as well as A-
weighted overall value with respect to a reference spectrum)

(figure below: for a bend with a rectangular cross section)

ST in:scxtion loss without self noise

f(Hz) [ 31 | & | 125 250 | 500 | 1000 2000 | 4000 8000 | 16000 |
Di' (dB) | 00 [ 10 | 20 30 || 3.0 30 X 30 [ 00 23 |

[ s noise
f (Hz) | EL I 63 [ 125 [ 250 | 500 [ 1000 2000 4000 8000 16000 A
Lw(@BreL 1pW) | 764 | -840 | 922 | -1004 | 1088 | 1177 | -1268 | -1360 | -1455 | -1552 1032
Lw(dBAref 1pW) | -1158 | -1103 | -1083 | -1090 | -1121 | -1177 | 1256 | -1350 | -1466 | -1618
[ s und pover level downstream of considered bend
f(Hz) [ 3 | & | 125 250 | 500 | 1000 | 2000 | 4000 8000 | 16000 A |
Lw1 (dB ref. 1pW) K 637 | 491 356 | 285 | 231 | 174 | 198 | 219 | -1552 395 |
Lwl (dBA ref 1pW) 375 | 330 | 270 | 253 | 231 | 186 | 208 | 208 | -1618
T (Hz) [ 63 | 125 | 250 | 500 | 1000 2000 4000 8000 16000 A
Di (dB) [0 [ 20 | 30 | 30 | 30 | 30 | 30 | 30 | -448 23 |

= the obtained results are not comparable with standardized measurement due to the lack of documents
formalizing corresponding measurement procedures
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Prediction of nozzle reflexion
“oDUI-E 7

ITS Scope of computation

acoustique

design of components of a duct system: with a rectangular cross section, or with a circular cross section

lTS Applications
= consideration of the sound reduction of the components of duct systems on the occasion of the
evaluation of the sound levels at the extremity (mouth) of duct systems: protection of workers, protection
of environment, energy sector, measurement rooms, building

notably:
v/ construction of air conditioning systems as well as ventilation systems for enclosures for various
noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks)

such as fans, engines, gas turbines...
v/ construction of ventilation systems for auxiliary premises or buildings, test benches...

LTS Computation scheme (bloc diagram)

sound power
insertion loss without including self
self noise [AZ] noise & insertion

loss with self
noise [AAB]
self noise [AAA]

lTs Main/special features, main effects taken into account

acoustique

= design possible with a rectangular or circular cross section

LTS Main displayed results (tables):

= insertion loss without self noise Di’ per 1/1 octave frequency band (as well as A-weighted overall value
with respect to a reference spectrum)

= self noise Lw per 1/1 octave frequency band (as well as A-weighted overall value)

= sound power level downstream Lw1 per 1/1 octave frequency band (as well as A-weighted overall
value)

= insertion loss with self noise of bend Di per 1/1 octave frequency band (as well as A-weighted overall
value with respect to a reference spectrum)

(figure below: for a mouth with a circular cross section)

SN i tion loss without self noise

[ 1 (Hz) [ 31 | 8 | 125 250 500 | 1000 | 2000 | 4000 | 8000 | 16000 | & |

[ Di' (dB) [0 T 150 T 102 52 | 21 [ o7 | o2z | 01 | o1 | 01 | o4 |

[ 1 noisc

[ f(Hz) [ 31 | 8 [ 125 250 500 | 1000 | 2000 | 4000 | 8000 | 16000 | A |
Lw(@Bref1pW) | 4000 | 4000 | 4000 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 4000 | 3928 |
Lw(dBAref 1IpW) | 4394 | 4262 | 4161 | 4086 | 4032 | 4000 | 3988 | 3990 | 4011 | 4066 |

[ < uni pover lesel of considered duct

[ f (Hz) [ 3 [ e | 125 250 500 | 1000 | 2000 | 4000 | 8000 | 16000 | a |
Lwl(dBref1pW) | 1150 | 1150 | 1198 1247 | 1279 | 1203 | 1208 | 1200 | 1209 | 1299 | 1367 |
Lwl(d@BAref IpW) | 756 | 888 | 1037 | 1161 | 1247 | 1295 | 1310 | 1308 | 1288 | 1233 |

[N in s rtion loss with self noise

[ 1 (Hz) [ 31 | e [ 125 250 500 | 1000 | 2000 | 4000 | 8000 | 16000 | A& |

| Di (dB) | 150 | 150 | 102 s3a | 21 | o7 | w02 | ex | w01 | 01 | o4 |

= the obtained results are not comparable with standardized measurement due to the lack of documents
formalizing corresponding measurement procedures
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Prediction of the sound impact of duct systems
MODULE 6

---------

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).

ITS

Applications

= consideration of the sound reduction of the components of duct systems on the occasion of the
evaluation of the sound levels at the extremity (mouth) of duct systems as well as sound levels due to
noise transmission trough duct walls: protection of workers, protection of environment, energy sector,
measurement rooms, building

notably:

v/ construction of air conditioning systems as well as ventilation systems for enclosures for various

noisy equipments necessitating duct systems with horizontal or vertical duct sections (stacks )
such as fans, engines, gas turbines...

v' construction of ventilation systems for auxiliary premises or buildings, test benches...

LTS Computation scheme (bloc diagram)

= Bloc diagram regarding the longitudinal noise propagation i.e. for the computation of the sound
power level downstream of the duct system:

Note: this bloc diagram is used within a waterfall computation for all the components of the system,
referred to as C1 to C10)

acoustic power
insertion loss without with silencer

self noise [AS] including self noise

& insertion loss
with self noise [AU]
self noise [AT]

LwO |:> [C1] [C2] [C3] [C4] [C5] [C6] [C7] [C8] [C9] [C10] |:> -

= Bloc diagram regarding the transverse noise propagation i.e. for the computation of the sound
power level transmitted by the walls of the duct system:

LwO |:> [C1] [C2] [C3] [C4] [C5] [C6] [C7] [C8] [C9] [C10]

G400y
\— J

YT

ITS Main/special features, main effects taken into account

= design possible for 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)

= design possible for thin duct casings (e.g. for conditioning systems applications) as well as for thick
ducts casings (e.g. for stacks)

= design possible in case of acoustic performance computed with software SILDIS or not (Bring-Your-
Own approach) or mixed approach

ITS Main displayed results (tables):
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= Main displayed results regarding the longitudinal noise propagation i.e. for the computation of the

sound power level downstream of the duct system:

= sound power level downstream of each considered component of the duct system Lw1 per 1/1
octave frequency band (as well as A-weighted overall value)
= insertion loss with self noise of each considered component of the duct system Di per 1/1 octave

frequency band (as well as A-weighted overall value with respect to a reference spectrum)

= sound power level of the silenced source Lwlcalc per 1/1 octave frequency band (as well as A-

weighted overall value)
= sound pressure level at a specified distance of the silenced source Lplcalc per 1/1 octave

frequency band (as well as A-weighted overall value)

(table below: for a silencer + a bend + a duct with a circular cross section)

_Suund power level downstream of components

Component Matrix / f(Hz) 31 63 125 250 500 1000 2000 4000 8000 A (o]
C1 cylindrical attenuator without core BYO17 -197.0 62,7 47.1 30.6 15,5 -49 -16 109 13.9 37.7 62
c2 bend BYO18 -195.2 62,7 471 30.8 16.6 6.7 1.2 8.0 109 37.7 62
c3 duct BYO19 -194.0 62,6 47.0 30.6 16.4 64 0.9 7.7 106 376 61.9
C4 0 ZER10 -193.0 626 47.0 30.6 16.4 64 0.9 7.7 106 376 61.9
cs 0 ZER10 -192.2 62,6 47.0 30.6 16.4 64 0.9 7.7 106 376 61.9
ce 0 ZER10 -191,5 62,6 47,0 30,6 16,4 6.4 0,9 7.7 10,6 37,6 61,9
c7 0 ZER10 -190.9 62,6 47,0 30,6 16,4 6.4 0,9 7.7 10,6 376 61,9
c8 0 ZER10 -190.4 62,6 47.0 30.6 16.4 6.4 0.9 7.7 10,6 37.6 61.9
(o] 0 ZER10 -189.9 62,6 47.0 30.6 16.4 6.4 0.9 7.7 10,6 376 61.9
G10 0 ZER10 -189.5) 62,6 47.0 30.6 16.4 6.4 0.9 7.7 10.6 376 61.9
IS i nsertion loss of components with flow noise
Component Matrix / f(Hz) 31 63 125 250 500 1000 2000 4000 8000 A C
C1 cylindrical attenuator without core BYO17 -3,0 2,01 4,0 8,0 16,0 31,0 220 12,0 11,0 3,4 21
c2 bend BYO18 -1.8 0,0 0,0 -0,2 -1.1 -11.6 -2.8 29 3,0 0,0 00
Cc3 duct BYO19 -1.2 0.1 0.1 02 02 0.3 0.3 0.3 0.3 0.1 0.1
C4 0 ZER10 -1.0 0,0 0,0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0,0
C5 0 ZER10 -0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ce 0 ZER10 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
c7 0 ZER10 -0.6 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
cs8 0 ZER10 -0.5 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
C9 0 ZER10 -0.5 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
c10 0 ZER10 -0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
_Suund power level of the silenced noise source
1 (Hz) 31 63 125 250 500 1000 2000 4000 8000 A C
Lw1calc (dB ref. 1pW) -189,5 62,6 47,0 30,6 16,4 6,4 0,9 7.7 10,6 37,6 | 61,9
Lwicalc + A weighting (dB ref. 1pW) -228,9 36,4 30,9 220 13,2 6,4 21 87 9.5
_Sound pressure level of the silenced noise source Lp1calc-Lw1icalc-DI (dB) -15,5
f(Hz) 31 63 125 250 500 1000 2000 4000 8000 A o}
Lp1calc (dB ref. 20pPa) -205,0 471 31,5 15,1 0,9 -9.1 14,6 -7,8 -4,9 22,1 \ 46,4
Lp1calc + A weighing (dB ref. 20uPa) -244,4 20,9 15,4 65 -2,3 -91 -13,4 -6,8 -6,0
= Main displayed results regarding the transverse noise propagation i.e. for the computation of the
sound power level transmitted by the walls of the duct system:
= sound pressure level at a specified distance of each component Lpoutcalc per 1/1 octave
frequency band (as well as A-weighted overall value)
(figure below: for a silencer + a bend + a duct with a circular cross section)
_Sound pressure level of the silenced noise source (un-weighted
Component 31 63 125 250 500 1000 2000 4000 8000 A 9]
c1 cylindrical attenuator without core 92,0 89,0 86,0 83,0 80,0 77,0 74,0 71,0 68,0 82,8 95,0
c2 bend 91,0 88,0 85,0 82,0 79,0 76,0 73,0 70,0 67,0 81,8 94,0
c3 duct 90,0 87,0 84,0 81,0 78,0 75,0 72,0 69,0 66,0 80,8 93,0
c4 0 -199,0 99,0 -199,0 -199,0 -199,0 1990 -199,0 -199,0 -199,0 -192,0 -189,5
c5 0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 192,0 189,5
c6 0 -199,0 -.199,0 -199,0 -199,0 -199)0 -199,0 -199,0 -199,0 -199,0 192,0 1895
c7 0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0, -199,0 -199,0 -199,0 -192,0 -189,5
cs 4] -199,0 -199,0 -199,0 -199,0 -199,0 -19950 -199,0 -199,0 -199,0 -192,0 -189,5
c9 0 -199,0 -199,0 =199,0 =199,0 =199,0 -199,0 -199,0 -199,0 -199,0 -192,0 -189,5
c10 0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -199,0 -192,0 -189,5
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MODUI'E 8A Prediction of stacks directivity

ITS Scope of computation

prediction of the sound impact of piping & duct systems ends

|TS Applications

= evaluation of the noise emissions at the extremity (mouth) of piping & duct systems: protection of
workers, protection of environment, energy sector, measurement rooms, building

notably:

v' stacks for fans, engines, gas turbines...
v"industrial process exhausts...

LTS Computation scheme (bloc diagram)

®  Not applicable

ITS Main/special features, main effects taken into account
= angle with respect to stack axis

= stack radius
= speed of sound

ITS Main displayed results (tables):

= directivity index (1/3 & 1/1 octave bands)

(screenshot below: for a an exhaust duct with small diameter)

Fsotation
Technologie Services

prediction of the directivity of a stack

acoustique

angle model sekecion 5
stack radius 2(m) 01
speed of sound c(mis) W

Direciuiy index socorng & angle model seecion 0l @8} 03 03 03 o7 15 22 27 29 3 27
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MODUI‘E 83 Prediction of atmospheric sound absorption

ITS Scope of computation

prediction of the attenuation of sound in relation to propagation path through atmosphere

ITS Applications
= evaluation of the noise impact of sound sources outdoor: protection of workers, protection of environment,

energy sector in particular
= room acoustics: protection of workers, measurement rooms, acoustic comfort in buildings

LTS Computation scheme (bloc diagram)

®  Not applicable

ITs Main/special features, main effects taken into account

—— acoustique

ambient atmospheric pressure
ambient atmospheric temperature
relative humidity

propagation path length

ITS Main displayed results (tables):

= atmospheric attenuation coefficient (1/3 & 1/1 octave bands)
= atmospheric attenuation for a given propagation path (1/3 & 1/1 octave bands)

(screenshot below: example)
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Prediction of control valves aerodynamic noise
MoDUl-E 80 /

---------

prediction of the external sound pressure level generated in a control valve and within adjacent pipe expanders
by the flow of compressible fluids, considering only single-phase dry gases and vapours and based on the
perfect gas laws

P1 P2 Pa
T T2 Ta

P

—

control valve

ITS Applications

= evaluation of the noise impact of industrial processes exhausts outdoor: protection of workers, protection
of environment, energy sector in particular

LTS Computation scheme (bloc diagram)

®  Not applicable

ITS Main/special features, main effects taken into account

= control valves parameters
=  process parameters

ITs Main displayed results (tables):

sound power level (OA)

generated peak frequency

sound power level (1/3 & 1/1 octave bands)
Mach number at valve outlet

(table below: example)
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Prediction of jet noise (including safety valves noise
’ ODUI'E 8D j ( g safety )

ITS Scope of computation

acoustique

prediction of the external sound levels generated by a jet i.e. a fluid flow between a high pressure zone & a low
pressure zone: either at extremities of a component of a piping system (excluding control valves, including
safety valves) or at its end (discharge) for a compressible fluid, considering only single-phase dry gases and
vapours and based on the perfect gas laws

|Ts Applications

acoustique

= evaluation of the noise impact of gas discharges from safety valves or pipes outdoor: protection of
workers, protection of environment, energy sector in particular

ITS Computation scheme (bloc diagram)

acoustique

®  Not applicable

lTs Main/special features, main effects taken into account

acoustique

= high pressure zone parameters
= |ow pressure zone parameters
=  piping component parameters

ITS Main displayed results (tables):

acoustique

= sound power level (OA)
= generated peak frequency
= sound power level (1/3 & 1/1 octave bands)

(table below: example)

jet without diffuser (& safety valves) -
High pressure conditions Low pressure conditions
Pressure. Php (Pa) 1,743E+05 Pressure Pip(Pa) 1,010E+05
Temperature Thp (K} 311,00 Temperature. Tip (K} 311,00
Density  1/vhp (kg/m3) 1,955 Density  rolp (kg/m3) 1133
Speed of sound whp m/s 3530 Speed of sound clp (mis) 3533
Mach number Mhp 1,000 Mach number Mip 0,900
Velocity Vhp (mis) 3530 Velocity  Vip (mis) 3000
Isentropic exponent vhp 1,4000
Miscellaneous
Pressure ratio multiplicator PRM 1893 Expanded Jet Normalized Velocity EJNV 0999
Pressure super ratio PSR 3,267 Density & Temperature Combined Parameter DTCP 1726
Pressure  Php x PRM (Pa} 3,300E+05
turbulent choked undefined
Model for acoustic efficiency n ZER FRA ZER HAN BER-FIG BER-EX.EDF FRAZER
HAN,BER,FRAHEL ZER

AP1ISO,C8MVDIBUR 3733 TUPNOR ZER

Nozzle diameter d(m) 0,0500
Downstream pipe diameter Dp (m) 0,05000
Downstream pipe wall thickness t(m) 000156

Consideration of downstream pipe diameter for peak

frequency (011) ? 0
turbulent choked undefined
Model for Strouhal number St BYO BYO BYO BER-C, FRA BYO Strouhal number for peak frequency calculation St, 2,00E-01 for mode! BYO only
turbulent choked undefined
Model for spectrum  BER-T HAN HAN  IEC,JEC-3RD,R&W,HAN,FRABER-T,BER-C, TUP3733
unsilenced noise
turbulent choked undefined ) Lwilf) (dB ref
Sound power level Lwi (dB ref. 1pW)  -3204 1549 -200,0 1pW)
16 178
f(H) 1412 1412 1412 31 1248
f,0ct (Hz) 1000E+03  1,000Es03  1,000E+03 53 1313
125 1373
Model for fp NAT NAT NAT NAT,.OCT 250 1424
500 1466
{ L1 (dB) 1435 1000 1492
Sound pressure level L1(dBA) 1433 2000 1491
(ref. 20uPa) 130 (dB) 142 4000 1465
L30(dBA) 1140 8000 1415
16000 135
L1 = sound pressure level at 1 m from the point of discharge, based on spherical spreading A 1545
130 = sound pressure level at 30 m from the point of discharge, based an spherical spreading UN 1547
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Prediction of piping systems discharge parameters

ITS Scope of computation

prediction of flow indicators for sets of components through which the discharge of a fluid occurs, from a
reservoir towards atmosphere via a pipe

_ Subscripts
Pr Pi  Pu Pd Pp Pe Pa r,i, u, d, p, e: location along piping system
. path
Tr "I Ti Tlu T:i Ilg Tle Ta Feservoir
V 1 1 1 inlet

upstream (e.g. from a valve)
downstream (e.g. from a valve)
penultimate (e.g.silencer inlet)
exit (e.g. silence routlet)

!
|
m

 —

|Ts Applications

= evaluation of the noise impact of industrial processes exhausts outdoor: protection of workers, protection
of environment, energy sector in particular e.g. blowdown lines with or without valves

LTS Computation scheme (bloc diagram)

®  Not applicable

lTs Main/special features, main effects taken into account

—— acoustique

= fluid thermodynamic parameters

=  piping system resistance parameters

= most comprehensive set of output data available for ideal gas (1 phase), nevertheless minimum set of
output data available for all gases (including saturated water steam)

ITs Main displayed results (tables):

= exitline status (choked or non-choked)
= exit pressure
= discharge capacity & mass flow rate

Additional output data relevant in case of ideal gases (at various locations along piping system path):

temperature

density

speed of sound

Mach number

(gas) speed

Reynolds number Re (dimensionless)

(table below: example)

ITS h Simulation of the discharge of a fluid from a piping system

P P Pu Pd Pp Pe Pa
ToTuTd TpTe
P T )
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Determination of the performance & sizing of safety valves

ITS scope of computation

= prediction of discharge capacity of safety valves

|Ts Applications

= Sizing of safety valves in the context of engineering studies of pressurized fluid networks discharging
to atmosphere

LTS Computation scheme (bloc diagram)

= Not applicable

ITS Main/special features, main effects taken into account

= design possible for steam or undefined fluid

LTS Main displayed results (tables):

= discharge capacity
= mass flow rate when flow area is known
(screenshot below: example)
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Simulation of the discharge of a fluid trough a valve vent stack

ITS Scope of computation

acoustique

= sizing of valves vent stacks

|Ts Applications

acoustique

Sizing of safety valves vent stacks in the context of engineering studies of pressurized fluid networks
discharging to atmosphere

ITs Computation scheme (bloc diagram)

acoustique

= Not applicable

|TS Main/special features, main effects taken into account

acoustique

= design possible for superheated steam or saturated steam

lTS Main displayed results (tables):

—— acoustique

=  pressure, temperature, density, sound speed, Mach number, gas speed at various locations: valve exit,
vent stack inlet, vent stack outlet

(screenshot below: example)

Cheking # (O] Cheking # [OM1)
Eazed on model LIA 1 Eazed on model LIA 1
Parameter § paint valve exit [2] wenk skack inlet [3] | vent stack outlet (4]
P [Pa] 2.124E+05 3.245E+05 1.22TE+D5
P [MPa] 0.1 032 012
P Fibar) 212 325 123
ressure
P [tm) 2.10 520 121
P [hplem2) 21 331 125
P (psil 30,50 47.07 1773
TIK] E10.7T £85.88 E03.64 I
Temperature ) F3TE2 41273 F36.43 "
TIF] 633,71 1482 E5TES "
Density o (kgim3) 0757 1,050 0457 [}
o [IEdeu FE) 0.047 0.064 0.027 "]
Specd of zound < [mfs) 604.0 6401 604.0 "
< [fpsl 15817 21000 15817 &
Plach number il 10000 04008 10000 [}
Baz cpacd W [miz) £04.0 256.4 £04.0 I
W [fps) 19817 ERl 19817 "
. m3tkg 132143 0.AMIT 225822
Specific wolume
cufr i b 2 1TE+ 1ESEE+D1 FEESE+D1
ok - non choking ok i
Miscollaneous choking con !tlon., conditions, flawy | CP2Fing con !tlon.,
Flaw sonic N Flaw sonic
subsonic

entropy criterion [between locations 2 & 3]

Entropy wariation
| Py sakizfied

momenkum criterion For non choking Flow at
valve exit [betwesn locations 2 & 3] not
satisfizd

Mamentum For non choking Flosw at valve exit

Wlinimum atteignable back pressure in | P'b [Pa) [ teeeqos |
sase of shobing Flow at valvs cait | P'E (pi] | 1HSE+O1 ]

additionnal criterion based on minimum
atteignable back pressure for choking Flow
an valve cxit zatisfied, dezired back
pressure can be kept

Additiennal criterian far choking flaw ak valve exit
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E8H Prediction of acoustic and aerodynamic performance of vent
l' silencers for pressurized fluids

Scope of computation

pooy
IT

acoustique

= sizing of vent silencers diffusers

|Ts Applications

acoustique

= sizing of vent silencers diffusers in the context of engineering studies of pressurized fluid networks
discharging to atmosphere

ITs Computation scheme (bloc diagram)

acoustique

= Not applicable

|TS Main/special features, main effects taken into account

acoustique

= design possible for superheated steam or saturated steam

lTS Main displayed results (tables):

—— acoustique

= pressure, temperature, density, sound speed, Mach number, gas speed at silencer outlet
= silenced sound power level

(screenshot below: example)

general model SPA

hypothetic hypethotic
Parameter { point silencer inlct (1] | silencer autlot [2 Faramater { point silencer inlet (1] silencer outlet 2]
P (Pa) 15EE0E 1014E+05 Pe [Pa] 1E5TES05 3.2TBEMDE
F [MFa] 156 010 P (P2 013 528
Pressure P (bar) 1562 101 Critcal pressure P [bar] 156 2.1
F (atm) 15.41 1,00 P [atm] 163 52,53
F [kpiama] 15.92 1,03 P [kploma) 163 5541
F [psi] 22648 1470 P [pai) 26,54 475106
i) 3865 38765
Temperaturs t(deg ) 4553 B4TS
TFF] 11,85 3051
Density = (kaim3] L] 074
o (b dou it 0336 0045
Speed of sound < [mis) 4150 4210 1 1
< ftiz] 13616 13611
Tilach numb.er [ 10000 05553
Speed  [miz] 4150 3723
¥ [fiiz) 13616 12235
Mass flow rate m (hgis] 52,258 se.as2
o rate m (hgih] 286053.3 286083.3
Wz Flow rate m [1/h] 236,054 296.034
Wz Flow rate m {lkh] 65BT54.7 BERTEAT
criterion for PO POz Pel 7) inlet flow zonic | utlet Flaw subsanic
Tadel for caleulation of critical flow rate R C [eritical), R (Reserveir)
Exhanst noise regeneration in dB below the naize level generated in open stack conditions [i. with ne silencer attached) 153 negative valus means more noise
Unsilnced sound paer el (ks open stack | o e e oy D
naize level]
Silenced sound pawer level Lud [4B ref. 1) 102.0
Zound power level diminution  Lul-Lurt (4] 12
Suggested insertion lozs without self noise TL[dE) 1
Suggested self noise reduction deltaN [4E) 1

For sonic axhaust
parametars
correspending to
deles SH For zonic

datdt 5625
42 (m) 0522727852
42 (in]) 3239E01
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“ODUI‘E 9 Prediction of sound decay in enclosed spaces

ITS Scope of computation

acoustique

= room acoustics design study

lTS Applications

acoustique

= consideration of the impact of reverberation on the acoustical quality of premises: protection of workers,

protection of environment, energy sector, measurement rooms, building

notably:

v" soundproofing industrial buildings
v"large machine enclosures

v'  test benches

v

premises dedicated to technical equipments

v" room intended to house activities such as catering, education, sports and recreation

ITS Computation scheme (bloc diagram)

acoustique

COmputation of Accustic LAyers
(COALA)

back 4] '.V";:Jtalclcul_ﬂ_a‘ne Phdtions
(COPPA)

COmputation of SOund Decay

porous media [B] |

bt

[—

e it b + . walls, floor & ceiing
senies cloths [C] sufxe absorpton coeffcent ——+—— absorption arezs
i impedance [£] MICle] [BAD]
COmputation of DAmped Plates 1
] sections [D] aimosphenc
e o absorption area
[B4E]

perforated plate .
m ]

extensional
demping [M]

‘series thin plates [M]

lTs Main/special features, main effects taken into account

acoustique

= design possible with a rectangular shape or with different shapes

= scattering effects accounted for premises with a rectangular shape
= fitting accounted

= atmospheric absorption accounted

ITS Main displayed results (tables):

acoustique

= reverberation time per 1/1 octave frequency band

(screenshot below: for a rectangular room)

not attenuation. not obiests 3 8 125 =0 300
T60 (s} generl model SAB LR om o om o017
TE0 (<) general model EYR 055 055 055 055 055
T8 -l modsl MIL 083 (1] 08 083
T0 (<) genersl model CRE 083 083 053 063
60 (s) general model KUT inhomogeneity socounted as Giferences between lsmentary suriaces 085 085 085 085
mhomogensity acoountsd as diflerences between parions 085 085 085 085
[ ved bewizzn 055 065 05 065
T60 (s) general model FIT 087 087 087 087 087
T60 (s) general mods! NEU 0§ [ 087 [ 067
T60 (5) general model ARA 072 [¥7] 07z [¥7] 072
760 (3) general model IS0 (for standand deviaon between T Ty, Tz,Td lovi) 109 108 109 108 [
standand deviason betwesn Tx,Ty,T2,Td 3% 8% 82,0% 9,7% 88.9%
T20 (s) genersl mode! ISO (for standand deviaton between T, Ty, Tz,Td high) 1,09 108 1,08 108 1,29
T (5) model 180 fior selected evalusson range) 1,09 1,08 1,09 1,08 282
T60 (s) general mode! ML 080 0% 080 0% 030
T (5) genersl mosel SAK for selectsd svaaton rangs 072 1,02 1.2 125 1,06

60 (s) general model HOD

1000

(X
055
08
051
083

085
087
087
[¥7]

076
85,4%
107
228
0%
050

objects (fitng)  ————

absorption area [BAF]

sound decay BAH]

reverberation me [BAI]

walls, floar & ceiing

scattering coefficient
[BAG]
20 4000
[ked o1
055 055
083 08
063 051
085 083
0,85 085
065 085
0,67 087
067 087
072 1]
075 [h7]
81,5% 58,4%
(1] o
8 144
050 0%
078 %]

2000

kg
0,55
083
063

085

065
0,87
067
072

0,62
57.3%
080

050
068
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" the obtained results are comparable with standardized measurement NF EN ISO 3382-2 Acoustics -
Measurement of room acoustics parameters- Part 2: reverberation time in ordinary rooms.
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HODULEQA

ITS Scope of computation

Prediction of sound spatial decay in open-plan offices

= working places rooms acoustics design study

LTS Applications

= evaluation of acoustical comfort of tertiary premises: protection of workers

LTS Computation scheme (bloc diagram)

R R
[ b e
porous madia [B] }—'—

surface
mpedance [E]

saries cloths [C] ‘

dimansions of rom
& ceiling absarbing

senes perforated
protactions [C]
perforated plate
[

‘sound decay [BAJ]
spatial decay rate of

spesch

sound prassure ovel |
atm

series thin plates [M]

A-weighted sound
pressurs level of
speech at a distance
of 4m [BAK]

|TS Main/special features, main effects taken into account

room dimensions

average height of screens & storage units
ceiling absorption

apparent furnishing absorption

l_Ts Main displayed results (tables):

= spatial decay rate of speech
= A-weighted sound pressure level of speech at a distance of 4 m
= gpatial decay of speech (A-weighted sound pressure level of speech at a variable distance)

(screenshot below: example)

& an a3

2m
En
w5
m
s

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.
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ODUI-E 10 Prediction of prediction of the noise emissions from buildings and other constructions

ITS Scope of computation

=  buildings and other constructions (e.g. sound enclosures, gas turbine air inlet and outlet ducts) design study

LTS Applications

= evaluation of noise impact for environment

LTS Computation scheme (bloc diagram)

COmputation of Radiated Scund Power
(CORSP)

inside sound pressure level
0]
acoustic field diffusivity [8] j
enveloppe & openings - total sound power

level [E] |+

sound power level [C]

extemal noise sources
sound power level D]

COmputation

sound pressure
level at a
specified location
]

directiity [F]

between sound
power level &

‘ ground effect [H]

geometrical divergence [G] |+
N difference

|TS Main/special features, main effects taken into account

building or other construction face dimensions and macro-directivity

envelope sound reduction index

(up to 5) openings sound reduction index, sound power level (self noise), directivity index
(up to 2) external sources, sound power level, directivity index

ground effect

atmospheric sound attenuation

LTS Main displayed results (tables):

= total sound power level (per 1/1 octave frequency band and overall, A-weighted)
= sound pressure level at a specified location (per 1/1 octave frequency band and overall, A-weighted)
= noise map of partition (per 1/1 octave frequency band and overall, A-weighted)

(screenshot below: example for an industrial building wall with a length 40 m and a height 12.5 m)
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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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