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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with |SO, also take part in the work. 1SO collaborates closely with the International Electrotechnical
Commission |(IEC) on all matters of electrotechnical standardization.

International |Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part-3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the membey bodies casting|a vote.

International | Standard 1SO 14163 was prepared by Technical Committee 1SO/TC243, Acoustics, Subcommittee
SC 1, Noise.

Annexes A t@ C of this International Standard are for information only.
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Introduction

Whenever airborne sound cannot be controlled at the source, silencers provide a powerful means of sound
reduction in the propagation path. Silencers have numerous applications and different designs based on various
combinations of absorption and reflection of sound, as well as on reaction on the sound source. This International
Standard offers a systematic description of principles, performance data and applications of silencers.
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Acoustics — Guidelines for noise control by silencers

1 Scope

This Interpational Standard deals with the practical selection of silencers for noise control in gase
specifies the acoustical and operational requirements which are to be agreed upon between th

manufactyrer and the user of a silencer. The basic principles of operation are describéd, in this
Standard, put it is not a silencer design guide.

The silen
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levels|

g
O

They are
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The follow
this Interr
publication
investigatg
undated r
maintain r

ISO 3741,

rs described are suitable, among others,

enuating system noise and preventing crosstalk in heating, ventilation and air-conditio
ment;

bventing or reducing sound transmission through ventilation.Qpenings from rooms with high

for attenuating blow-off noise generated by high-pressure linges;
for attenuating intake and exhaust noise generated by-ihternal combustion engines; and

for atfenuating intake and outlet noise from fans,.compressors and turbines.

classified according to their types, pérformance characteristics and applications. Active
ise-control systems are not covered jn detail in this International Standard.

htive references

ng normative documents contain provisions which, through reference in this text, constitute

s do not apply\However, parties to agreements based on this International Standard are e

the possihility of applying the most recent editions of the normative documents indicate
eferences; the latest edition of the normative document referred to applies. Members of
pgisterstof currently valid International Standards.

Acoustics — Determination of sound power levels of noise sources using sound pressures

|

us media. It
supplier or
International

ning (HVAC)

inside sound

hnd adaptive

provisions of

ational StandardCFor dated references, subsequent amendments to, or revisions of, any of these

hcouraged to
d below. For
SO and IEC

— Precision

methods

rreverperation rooms.

ISO 3744, Acoustics — Determination of sound power levels of noise sources — Engineering methods for free-field

conditions

over a reflecting plane.

ISO 7235, Acoustics — Measurement procedures for ducted silencers — Insertion loss, flow noise and total
pressure loss.

ISO 11691, Acoustics — Measurement of insertion loss of ducted silencers without flow — Laboratory survey

method.

ISO 11820, Acoustics — Testing of silencers in situ.
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3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1
silencer

©1SO

device reducing sound transmission through a duct, a pipe or an opening without preventing the transport of the

medium

3.2

dissipative silencer
absorptive silencer

silencer proy
energy to he

3.3
reactive silen

general term
energy dissif

34
reflective sile

silencer prov
with resonatg

35
resonator silg

silencer prov

NOTE Th

3.6
blow-off siler

silencer used
porous mate
of the sound

3.7

active silencer

silencer pro
controlled au

ding for broad-band sound attenuation with relatively little pressure loss by partially conyen
ht through friction in porous or fibrous duct linings

cer
for reflective and resonator silencers where the majority of the attenuation\does not invq
ation

ncer
ding for single or multiple reflections of sound by changes in thé«€ross-section of the duct, g
rs, or branchings to duct sections with different lengths

bncer
ding for sound attenuation at weakly damped resonances of elements

b elements may or may not contain absorbent material.

cer
in steam blow-off and pressure release lines throttling the gas flow by a considerable press
ial and providing sound attenuation by lowering the flow velocity at the exit and reacting on
(such as a valve)

iding for the reduction of sound through interference effects by means of sound ger
Xiliary sound sources

ting sound

Ive sound

uct linings

ure loss in
[he source

erated by

NOTE Mgstly low-ordermodes of sound in ducts are affected.

3.8

adaptive paspivetsilencer

silencer with |passive sound-attenuating elements dynamically tuned to the sound field
3.9

insertion loss,

D.

|
difference between the levels of the sound powers propagating through a duct or an opening with and without the

silencer

NOTE 1 The insertion loss is expressed in decibels, dB.

NOTE 2 Adapted from ISO 7235.
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3.10

insertion sound pressure level difference

difference between the sound pressure levels occurring at an immission point, without a significant level of
extraneous sound, without and with the silencer installed

NOTE 1 The insertion sound pressure level difference is expressed in decibels, dB.
NOTE 2 Adapted from ISO 11820.

3.11
transmission loss

D
t
difference [between the levels of the sound powers incident on and transmitted through the silencer,

NOTE 1 [The transmission loss is expressed in decibels, dB.

NOTE 2  For standard test laboratories D, equals D;, whereas results for D; and D; obtained from\n situ measurements may
often differ due to limited measurement possibilities.

NOTE 3 PAdapted from ISO 11820.

3.12

discontinujty attenuation

DS

that portiop of the insertion loss of a silencer or silencer section due to.discontinuities
NOTE The discontinuity attenuation is expressed in decibels, dB.

3.13

propagatign loss

Da

decrease [n sound pressure level per unit length which occurs in the midsection of a silencer with constant cross-
section an(d uniform longitudinal design, characterizing the longitudinal attenuation of the fundamental mode

NOTE The propagation loss is expressed in decibels per metre, dB/m.

3.14

outlet refldction loss

Dm

difference [between the levels-ofthe sound power incident on and transmitted through the open end of 4 duct
NOTE The outlet reflection loss is expressed in decibels, dB.

3.15

modes

spatial disfributions (or transverse standing wave patterns) of the sound field in a duct that occur indepg¢ndently from
one another-and suffer a different attenuation

NOTE The fundamental mode is least attenuated. In narrow and in lined ducts, higher-order modes suffer substantially
higher attenuation.

3.16
cut-on frequency

lower frequency limit for propagation of a higher-order mode in a hard-walled duct
NOTE 1 The cut-on frequency is expressed in hertz, Hz.

NOTE 2  Ina duct of circular cross-section, the cut-on frequency for the first higher-order mode is f.- = 0,57c/Cwhere c s the
speed of sound and C is the duct diameter. In a rectangular duct with larger dimension H, f.,, = 0,5¢cH.
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3.17

pressure loss

Ap,
difference be

NOTE 1
NOTE 2

3.18

tween the mean total pressures upstream and downstream of the silencer

The pressure loss is expressed in pascals, Pa.

Adapted from ISO 7235.

regenerated sound

flow noise

ownwecanditione
vV CoTToTaoTT

©1SO

flow noise c

NOTE So
laterally unifo
conditions, fo
will occur.

4 Specific
4.1 Requir

4.1.1 In gen

uand by
CSCT 1Yy 1T

Lind power levels of regenerated sound and pressure losses measured in laboratory tests—are 1
m flow distribution at the inlet of the silencer. If this uniform flow distribution is not attaihable u
example because of the upstream duct design, higher levels of regenerated sound and_higher pres|

Ation, selection and design considerations
bments to be specified

eral, the sound pressure level (A-weighted, one-third-octave<r full-octave) shall not exceed

value at a sp
contribution

of that sourcg using sound propagation laws and requirements concerning the allocation of contributions|
partial sound sources. The required insertion loss of the silenceris given by the difference between the |

and the actu

In simple c3
necessary in
between the
directivity ind
insertion losq

4.1.2 Thep

NOTE Th
possible”, a sq
determined fr
regenerated s

4.1.3 Thep

NOTE Th
reduction in s

ecified position (e.g. at a work station, in the neighbourhoed, or in a recreation room). The g
om a sound source can then be determined in terms of‘thé sound power level and the direc

| sound power level of the source.

ses where the sound immission is determined solely by the sound source to be atten
sertion sound pressure level differencelof the silencer can be calculated directly from the

ices with and without the silencer is_negligible, the insertion sound pressure level difference
of the silencer.

brmissible pressure loss shali’'not be exceeded.

nsible limit value has\te’be found. Even if the pressure loss is considered as "not critical", a limit valu
bm the maximum~permissible flow velocity that may not be exceeded for reasons of mechanid
bund or energy gonsumption costs.

bre iS & minimum size which (given the state of the art) cannot be reduced. This size depends on f
und level, the permissible pressure loss and on other restrictions concerning materials to be used (

elated to a
hder in situ
sure losses

h specified
ermissible
ivity index
to several
ermissible

pated, the
difference

permissible and the actual sound.pressure level at the immission point. When the difference in

equals the

s requirement should/be-specified as clearly as possible. Instead of the imprecise specification "§s small as

b should be
al stability,

brmissible size of the silencer shall be kept as small as possible (for reasons of cost and weight).

he required
r avoided),

resistance to d

fHfarant kindc nf ctrace  ate
HereRtHReS-o+SHEeSS et

4.1.4 Additional requirements (concerning materials, durability, leakages, etc.) result from the application of the
silencer in hot, dusty, humid or aggressive gases, in pressure lines or for high sound pressure levels and vibration
levels, and from the combination of silencers with devices for the control of exhaust gas, sparks and patrticles.

4.2 Selection and layout of silencers

Specific infor
O laborato

0 silencer

mation on silencers can be drawn from
ry measurements made in accordance with ISO 7235;

manufacturers' test data;
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O theoretical models to calculate propagation loss and insertion loss for silencers with circular or rectangular
cross-section;

O pressure loss and regenerated sound prediction methods.

The selection of a dissipative, a reactive or a blow-off silencer will be determined by its application or by reference
to the experience presented in this International Standard.

Results obtained from computer programs for the insertion loss of dissipative silencers depend on the assumptions
made concerning the magnitude and distribution of airflow resistance in the silencer and the acoustical effect of the
cover [18]. Certain geometrical features like off-setting of splitters or subdividing of absorbers are not easily accessible
for calculation. Calculations are most accurate for parameter variations concerning design as well as operating

conditions
sophisticat

4.3 Desi

The desig
a) rough
soung
esser

b) const

C) use @
press

d) chang

e) const

5 Typed
5.1 Over
Silencers
0 preve
O reduc

O provig

Effects of flow on the performance of reactive silencers are taken into account by, g
ed computer software.

pgn of special silencers

h of a special silencer is usually an iterative process featuring the following stages:

, for example using the manufacturers' declarations for similar silencers and taking into
tial requirements and restrictions;

uction of a model for predictive calculation or measurements;

f the model and comparison of the results with requirements concerning sound level r
Lre loss;

e of dimensions and sound-absorbent materials to*\fulfil requirements or to optimize the desig

uctional consideration of special requirements.

of silencers, general principles and operational considerations
view

hre used to

ht pulsations and @sgillations of the gas at the source,

e conversion af the pulsations and oscillations into sound energy, and

e conversion of sound energy into heat.

pecial highly

specification of the dimensions of free ducts for the flow and of connected spaces for the glistribution of

account the

pduction and

Table 1 — Typical advantages and shortcomings of different types of silencers

Type of silencer Advantages Shortcomings
Dissipative silencer Broad-band attenuation, little pressure | Sensitive to contamination and
loss mechanical destruction
Reactive silencers :
Resonator type Tuned  attenuation, insensitive  to | Narrow-band attenuation, sensitive to flow

contamination

Reflective type Robust element, application for large | Greater pressure loss, acoustic pass

pressure pulsations, high sound levels, | bands (frequency bands with

vibrations performance

contaminated flow, strong mechanical | attenuation), flow sensitivity of acoustical

little or no
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The resulting insertion loss for a silencer mounted in a duct will in general depend on all three of these mechanisms.

According to the dominant attenuation mechanisms involved, silencers may be classified as (see table 1):

(|

dissipative silencers,

O reactive silencers, including resonator and reflective silencers,

(|

blow-off silencers, and

O active silencers.

51.1 Dissipnti\/n silencers

These provide broad-band sound attenuation by conversion of sound energy into heat with relativetylittl
loss. Precautions shall be taken to prevent coating or clogging of the surface of the absorbent mat
dissipative sjlencers are used in ducts carrying gases contaminated with dust or encrusting materi
absorbers made of fine fibrous material or thin-walled structures may be mechanically destroyed by high
of alternating pressure.

5.1.2 Resorlator silencers (reactive)

These redude the conversion of gas pulsations and oscillations into sound energy and absorb sou
resonators afe mounted as side branches in duct walls. Groups of resonators are used as duct linings
elements (baffles) in ducts, thus causing a limited pressure drop. Resonances are mostly tuned t
intermediate [frequencies, where attenuation is needed. The performange is limited to a narrow frequend
sensitive to drazing flow and may (under certain unfavourable conditions) be negative so that a tone is ge

5.1.3 Refleqtive silencers (reactive)

These reduce the conversion of gas pulsations and oscillations into sound energy. They are usually chos
robustness if applications where purely dissipative.silencers are less suitable, and where greater press
permissible. [This is the case, for example, with gas-flows carrying dust, or with higher flow velocities an
pulsations, gnd for applications with strong mechanical vibrations. The maximum attenuation and the
where it occuyirs will be affected by the flowslt is possible that in some frequency bands only little or eve
attenuation i encountered.

5.1.4 Blow-¢ff silencers

These are mounted on steam”and pressurized air release lines and are effective by reaction on the

P pressure
brial when
hl. Porous
hmplitudes

hd. Single
or splitter
D low and
y band, is
nerated.

bn for their
ure loss is
] pressure
frequency
h negative

source of

sound, such pgs a valve, and by lowering the exit flow velocity through an expanded surface area while cofversion of

sound into heat is usuallyyef little significance. Large pressure losses require the silencer to have a good 1
stability. Its gerformange’ can be affected by material carried by the gas. There is also a danger of icing.

5.1.5 Active|silencers

nechanical

These mainly consist of speaker sets driven by amplifiers with input from suitable microphones. Control
by a high-performance computer, the controller. These are specialist devices not dealt with in this In
Standard. Active silencers are most effective at low frequencies where passive dissipative silencers
attenuation [32].

is effected
ternational
offer little

NOTE Active systems are presently offered exclusively as individual solutions tailored for particular applications and are

thus not discussed in this International Standard.
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5.2 Acoustic and aerodynamic performance of silencers

The attenuation required from a silencer is described in terms of the insertion loss, D;, if no particular immission
point is defined, or in terms of the insertion sound pressure level difference, D;, at a particular position. It is
specified in one-third-octave bands or full-octave bands. According to the laboratory standard 1SO 7235, the
attenuation shall be measured in one-third-octave bands. Full-octave-band values may be calculated using
equation (1):

Dl 3 _Dizk0O
Dy = -10lg = Y 10 1008 HdB L
Bk 0

where Dy 3 ; to Dy/3 3 are the attenuation values in the three one-third octaves of a full-octave band;in’flecibels, and
D4/, is thg resulting full-octave-band value. Declaring attenuation values in full octaves will suffice”foy broad-band
noise and [for silencers with broad-band effect. For tonal noise and for resonator silencers with narrow band effect,
the attenugtion data should be given in one-third-octave bands.

NOTE 1 [Pctave-band attenuation data may strongly depend upon the spectrum of the sound'(see annex B).

A necessdry parameter for the selection of a silencer is the permissible pressure lgss in the flow. It shgll not exceed
the total pfessure loss Ap, which depends on the mean flow velocity and density-of the gas and on the flow condition

as described by equation (2):

oo A+ 80) 2 (2)
where
C i9 the total pressure loss coefficient as defined in/1SO 7235 for uniform flow conditions at both ends of the

s|lencer;

AL 19 the additional pressure loss coefficient due to flow conditions in situ deviating from the laboratory
cpnditions (values are to be estimated empirically);

p ig the density of the gas, in kilograms per cubic metre, kg/m3;

v, igthe mean flow velocity in the inlet cross-section, in metres per second, m/s.

NOTE 2 |t is common for“definitions of the total pressure loss coefficient to differ from the one given in SO 7235. It is
therefore necessary to chéck'the definitions before using any values. For example, a different definition is the ope considering
the flow velpcity in the narrowest cross-section of the silencer instead of v4. This will result in much lower values for ¢.

Other parameters'to be considered which affect the acoustic and aerodynamic performance are

O the regenerated sound,

0 the maximum dimensions available for the silencer, and
O the necessary durability of the silencer under exposure to flow, pressure pulsations and mechanical vibration.
5.3 Sound propagation paths

It is possible for sound propagating from a source to an immission point to follow several paths beside the direct one
through the silencer (Figure 1, path 1). The additional paths are:

a) radiation from the housing of the source (path 2);

b) radiation from duct walls before the silencer (path 3);
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c) radiation

from the shell of the silencer (path 4); and

d) propagation of structure-borne sound along and past the silencer (path 5).

©1SO

Sound propagation along these flanking paths shall be prevented by providing housings and duct walls with
sufficient sound insulation and by inserting vibration isolation devices for interrupting the propagation path for
structure-borne sound.

5.4 Acoust

For certain
characteristig
outlet side. {
frequencies.

It is also impg
are fulfilled, v
different part

Ly (rad)
where
Ly(rad)

Ly(sour

Sound source —/ Silencer —/ Measdrement posifion

Figure 1 — Sound propagation paths.. y(schematic)

c installation effect
applications and silencer types, the sound\ ‘attenuation provided by a silencer depen

s of the source connected to the inlet side_and the characteristics of the termination conne
buch an installation effect occurs especially on reactive silencers or on all types of silenc

ortant that either the source otthe termination is reactive, i.e. non-absorbing. When these
nfavourable resonance effects can be expected in the system that will lead to strong couplin
5 of the system. Formally{this type of installation effect can be described via equation (3):

= Ly(source) - D; =D, + E (3)

is thedevel of sound power radiated from duct end, in decibels, dB,

s on the
cted to the
brs for low

conditions
0 between

aB:

The reaction

emission.

ce)is.the level of sound power radiated from source into duct with anechoic termination, i||1 decibels,

is the transmission loss (see 3.11), in decibels, dB;
is the reflection loss at the duct outlet (see 3.14 and 6.2.2.2), in decibels, dB;

is the acoustic installation effect, in decibels, dB; in dissipative systems; the magn
generally does not exceed 10 dB.

itude of E

of reflected sound on the source described by E can result in an increase or a decrease of sound
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For strongly reactive systems, E can be a large positive quantity in narrow frequency bands, which implies that the
silencer system actually amplifies the sound power radiated from the source.

5.5 Abrasion resistance and protection of absorbent surfaces

Abrasion of the materials used in dissipative silencers may lead to particles of the infill being carried in the gas flow.

NOTE

Little is known about the particle number concentration in the gas stream for longer operation of silencers.

If the surface of a sound-absorbent material is mechanically damaged, low flow velocities will suffice to carry away
large numbers of particles through erosion. This process may even result in the depletion of a whole absorbent
element (such as a splitter).

To protect
in hospita
attenuatio
difference
High temg
sound-abg

and contamination of the gas.

5.6 Fire

There is al
aerosols

installation
taken into

In all thesd
the silenct

the sound-absorbing infill of silencers against moisture, water or pollutants carried in the gas
s and in the food processing industry), foils are used for airtight sealing. Such foils not-on
h performance at high frequencies (typically above 1 kHz) but may also rupture during plant
in total (i.e. static and dynamic) pressures inside and outside the sealed elementcauses strd
eratures and impacting sharp (and hot) particles increase the risk of damage Thus, the
orbing infill by means of foil needs careful consideration of foil thickness, temperatures, f

hazards and protection against explosion
particular danger of fire being started or transmitted by ventilation silencers for technical eg
are carried. This applies particularly to chemical laboratories, large kitchens and e
s. Organic substances like flour or milk powder may form~explosive mixtures with air, and

account where dust-carrying gases flow through the silencer.

b applications, and in accordance with many building ‘codes, "non-combustible" materials sha

shapes a
against d

5.7 Starting-up and closing-down of plants

Silencers
be providsg
temperatu
the absorh

In the staj
especially
prevented
should be

5.8 Corr

br. Collections of grease, oil or dust in the absorbent material shall be prevented by using
d arrangements of silencers. Resonator silencers without absorbent material and with
t deposit are also suitable to meet fire- and’explosion-protection requirements.

d for the expansion of components of the silencer to allow for considerable changes in pre
re. Particularly in the case of pressure variations and for foil covers, pressure relief shall b
ent lining.

[ting-up and closing-down phases of plants, there are frequently temperatures below th
inside the absorbent linings and on the inside of the silencer housing. Collection of moisty

allowed to.drain.

DSION

(in particular
y reduce the
operation. A
ss in the foil.
protection of
ow velocities

uipment if oil
ngine-testing
this shall be

| be used for
appropriate
precautions

n technical plants may cause.preblems when the plant is started up or closed down. Sufficient space shall

ssure and/or
e possible in

e dew point,
re should be

(for instan€e-by "dry-running" the plant); particular corrosion problems may arise. Condensed liquid

Sheet metal shells, covers and partitions of silencers as well as mounting flanges shall be protected from the effects
of weather, acids in exhaust gases, and differences in voltage potentials of different materials. Corrosion can be
prevented by selection of particular material (e.g. aluminium) or by application of protecting covers (e.g. rubber).

5.9 Hygienic requirements and risk of contamination

Special requirements shall be met, for example,

O

O

O

in cleanrooms,
in food-processing plants,

in hospitals,
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O in power plants.

Hygienic problems can arise when dust is deposited on the adhesive surfaces of sound-absorbent linings,
particularly in combination with humidity. Viable particles (bacteria) can also pose a problem, especially if the air
temperature is elevated. Nuclear contamination may occur in nuclear power plants.

Smooth surfaces shall be used for silencer linings in such critical plants. Large cavities and protruding edges shall
be avoided because they encourage the collection of dust and damp and enhance the pressure loss.

5.10 Inspection and cleaning, decontamination

Provision for the inspection, cleaning or replacement of silencers or splitters should be made where needed.

The special vlequirements in most applications of HVAC equipment make cleaning or decontaminationinecessary at
intervals. It is therefore necessary that elements (splitters) can be dismounted for cleaning (decontamination) or
replacing. In fthis case, the silencer housing shall be cleaned as well. Splitters can be cleaned using pressurized air,
steam jets, bfushes and solvents, or decontamination fluid, depending on the design.

A dust depogit forming on splitters after a certain operating time in dusty flow will lead te a considerable decrease in
insertion losg. Here too, provisions should be made to allow for cleaning at intervals.

6 Performance characteristics of types of silencers

6.1 Dissipdtive silencers
6.1.1 Simple dissipative silencers

A simple disgipative silencer is a straight duct with a sound-absorbent lining, of circular or rectangular crdss-section
and without any fittings (see Figure 2).

b 3
Key:
1  Shell
2 Sound-permeable cover
3  Flow duct
4 Sound-absorbent material

Figure 2 — Dissipative silencer (schematic)

10
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A sound-absorbent element consists of one or more layers of absorbent material and a sound-permeable cover.
Fine mineral, metal or plastic fibres and open-pore structures made of foam, sintered metal or concrete are used as
absorbent material. In coarse-grained structures, the viscosity of the air will have a smaller effect than turbulence. In
this case, pressure differences will increase with the square of the flow velocity. Such non-linear effects can be
found in silencers with flow through or tangential to the absorber. For covering fibre materials and foams subject to
high stress, perforated sheet metal, diamond mesh or rib mesh combined with close-meshed wire screen. glass or
steel fibre cloth should be used. For moderate stress conditions, thin foil, fibre glass or plastic fleece should be
used.

The transmission loss D, (or insertion loss D;;. see 3.11) of the simple dissipative silencer can be described by

D, = Pe+D.| (4)
where
D ig the discontinuity attenuation, in decibels, dB;

D, ig the propagation loss along the silencer, in decibels per metre. dB/m;
I ig the length of the silencer, in metres, m.
The discofftinuity attenuation can be calculated from laboratory measurements-on two different lengths|l; and |, of a

type of silencer. If the insertion losses D;; and D;, are measured fordpyand |, without the influende of flanking
transmissipn within or around the silencer, the discontinuity attenuation\Bg"can be determined from equation (5):

D, = [Fit'2 ~ Y2’ (5)

The propapation loss is determined from such measurements as:

D, - D,
Da - II2 I i1 (6)
2 1

For a qualltative estimate of the propagationoss D,, Piening's proportionality can be used:

U
D, Urza 7
2 O @)

U id the lengthin‘metres, m, of the duct perimeter lined with sound-absorbent material;

S if the cross-sectional area of the duct, in square metres, m2;

o i the sound absorption coefficient of the lining.

The greater the ratio of the surface area Ul of the absorber to the cross-section S of the duct, and the higher the
absorption coefficient « of the duct lining, the more effective the dissipative silencer will be. Small sound-reflecting
surfaces will reduce the effect only slightly.

The free area S of the cross-section is dependent on the maximum permissible flow velocity. This flow velocity shall
not be exceeded because of its relationship to the service life of the silencer, the pressure loss and the regenerated
sound. If the area is adapted to connecting ducts, the cross-section may also be round or rectangular. Equation (7)
indicates that narrow, rectangular openings with the larger sides being sound-absorbent are to be preferred.
Openings like this will also suppress beam formation which occurs when the distance between the walls exceeds
half the wavelength of the sound.

11
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A high sound absorption coefficient is only possible when the thickness of the lining is at least one-eighth of the
sound wavelength. This criterion can be fulfilled in simple dissipative silencers even for low frequencies if a
sufficiently large cross section is available at the location where the silencer is to be mounted. The proportionality in
equation (7) to the sound absorption coefficient of the lining breaks down when the duct width becomes significantly
smaller than half the wavelength of the sound to be attenuated. Furthermore, the formula does not apply at high
frequencies when the sound propagates like a beam without hitting the lining at all.

A sound-absorbent material is characterized by its airflow resistivity r [29] (ranging for silencer applications from
5 kN-s/m# to 50 kN-s/m#). The airflow resistivity is related to the fibre diameter and material bulk density according
to equation (8):

32

D J

r 0L fFeq (8)
a2 ip, O

where

p. is the bulk density, in kilograms per cubic metre, kg/m3, of the compressed absorber material;
py s the bulk density, in kilograms per cubic metre, kg/m3, of the uncompressed.absorber material,
n s the viscosity of the gas, in newton seconds per square metre, NS/m2;

a isthe average diameter of the fibres, in metres, m.

The influencg of temperature and pressure on the specific airflow resistance Rg=rd of a material layer of thickness
d is approximately described bv equation(9):

2
RO | _OT 07 py (Rs O
Eppll St —OE‘I—IZI )
e ol P OeCT o
where

T is the absolute temperature, in kelvins,\K;,
Ty is the reference temperature, in kelvins, K;
p s the gas pressure, in pascals,/Pa;

po is the reference pressuré;in pascals, Pa;

pc is the characteristiciimpedance of the gas, in N$/m3, for plane waves.

Typical tempgratures to\be expected for various sound sources and temperature limits for various soundiabsorbent
materials arel listed in‘arnex B.

Examples fof the ‘propagation loss in ducts of circular cross-section with linings of different thickness ar¢ shown in
Flgure 3 Tlﬁ v Ara hacad on rlﬁnrnlle r\alr\lllahr\nc \lehr\llf 'Flr\\l\l c\nA tvnieal data fnr Hr'\n glrﬂr\\u rnclot:\nfy of mlneral

Yy e IOt o T OO rgoTrooos—carcorotr ty Proear—ootor o

wool. The thickness of the lining has a strong effect on the attenuation performance at low frequencies.

In some circumstances it is necessary to protect the environment from the silencer infill or the infill from the gas
flow. This can be done by thin impervious or perforated covers. For broad-band attenuation, the effective mass per
unit area of the cover should be kept as small as possible. The effective mass is either the weight of an impervious
cover or the mass of the air oscillating near the perforated cover divided by the fraction of open area.

NOTE Often a surface weight of the impervious cover of less than 0,033 kg/m? or a porosity of the perforated cover of
more than 30 % is sufficient.

Ensure that impervious covers do not stick to the infill or, in the case of multiple layers of different covers to the
perforated cover which will reduce the mobility.

12
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Specific airflow resistance of lining surface modelling the effect
of a dust|deposit or a close-fitting porous cover: Rs=0,2 kN-s/m3
Figure 3 — Calculated propagation loss, * D, vs. frequency f for a simple dissipative silencer with ¢
cross-section and lining thickness  t
For enharlced low-frequency. att€nuation, thicker impervious covers or perforated covers with lower|
sometimes used.
Frequent starting-up and. closing-down of furnaces may lead to humidity collecting in flue gas silencers
Plastic foil cannot completely prevent steam diffusion and will allow water to collect in the absorbe
when the foil is damaged.
Absorbers| shall be mechanically and thermally stable and their shape or structure shall not ch

ircular

porosity are

b (see A.2.4).
I, particularly

ange due to

mechanical vibrations througnout their agreed Service fie.

6.1.2 Spli

tter silencers

6.1.2.1 General considerations

The factors that determine the acoustic performance of splitter silencers are, essentially, the same as those for
simple dissipative silencers described in 6.1.1.

A splitter silencer generally consists of a transition element which serves to expand the duct cross-section, a
midsection containing sound-absorbent splitters (or baffles) and gaps or airways to channel the flow, and a second
transition element to concentrate sound and flow to the original duct cross-section. This is illustrated in Figure 4. In
special cases, the transition elements at both sides are omitted or are not to be considered part of the silencer if so

agreed by

the parties involved.
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Key:
1  Entry crops-section
2 Transitiop elements
3 Sound-pgrmeable cover
4  Sound-aljsorbent material (splitter)
Figure 4 — Splitter silencer
Providing a humber of parallel splitters and a sufficient free area S can help to achieve high sound &ttenuation

according to

Depending ¢
discontinuity
when the dig
inhibited, thg
nearly rando
and may exc

An additions
propagation

equation (7) at small pressure loss.

attenuation at the inlet and the propagation loss alongrthe splitters (see Figure 5). At low fr
meter of the connected duct is less than half a wavelength and propagation of higher-orde
M sound incidence on the splitters, the discontinuity attenuation usually lies between 6 dB
bed the propagation loss.

bath, is usually small.

n the frequency range, the insertion loss of a splitter silencer results from the contriby

discontinuity attenuation is negligible. At highfrequencies, when the transition element

| discontinuity attenuation effective for- splitters, where the internal structure changes

Discontinuity attenuation

Propagation loss

tions of a
bguencies,
modes is
allows for
and 10 dB

along the

Figure 5 — Decay of sound pressure level

\w

X —»

Lo along a path length  x taken by the sound in a splitter silencer

All joints between the duct walls and bottoms or tops of the splitters, which are sometimes needed as expansion
gaps, shall be sealed to avoid flanking sound transmission. Airways between a splitter and a wall may only be half
as wide as those between two splitters. If reduced flow through the side airways is to be avoided, a boundary splitter
should be mounted to the wall.

NOTE

14

From the acoustical point of view, this splitter need only be half as thick if it is uniformly structured.
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When mounting splitters with non-uniform structure, such as splitters with partial cover, attention should be paid to
mounting instructions. As a rule, the surfaces of two splitters forming an airway shall have the same structure, i.e. the
surfaces may vary along but not across the airway.

To ensure the durability of splitters subject to flow with velocities in the airway exceeding 5 m/s, precautions shall be
taken to ensure uniform flow conditions, for instance by using flow rectifiers. Transverse flow through the splitters will
result in splitter material being carried away and shall be avoided. Therefore, it is not recommended to place splitters
closely behind large changes in cross-section and/or bends in the duct, otherwise guide vanes shall be provided to

ensure au

niform flow distribution.

Splitters completely covered with foil for application in a humid atmosphere may be subject to internal overpressure
(see 5.5). Foils may rupture during plant operation. They also reduce the high-frequency attenuation performance.

In many ¢
measuring|
be possibl

6.1.22 S

Splitters W
thickness,
absorption
frequency
frequencig
frequency
which is

perpendic
values at
sound wa

hses, it is helpful to provide access to the splitters for inspection and maintenance. Opehin

b to remove the splitters for decontamination.

plitters for broad-band attenuation

width of airway, protective cover, off-set of alignment, and contamination. For low freque
coefficient requires thick splitters, whereas thin splitters will suffice for high frequen
characteristics for the performance of a splitter silencer can be.seen from the example in Fig
s the propagation loss will increase as absorber thickness)yand frequency are increased
range where the duct width and half the sound wavelength coincide, a maximum value
nversely proportional to the airflow resistance of theabsorber. The total specific airflo
lar to the splitter should not significantly exceed 2 kNS/m3. The propagation loss will dro
higher frequencies where the duct width or width ‘of airway between splitters are greater
elength.

s for sound-

purposes shall be considered in the design. Where particular hygienic requirements ishall b¢ met, it shall

ith uniform absorber filling will provide for several octave bands of attenuation, depending on splitter

ncies, a high
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NOTE

covering layer.

Figure 6 — Calculated propagation loss D, vs. frequency f for a splitter silencer

The effect of a dust deposit or a close-fitting porous cover is modelled by the specific airflow resistance Ry of a
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D, vs. frequency_;ffor a silencer with splitters of different thick
d and airway width between splitters\egual to the splitter thickness

splitter thickness is shown in Figure 7. When the same fraction of the duct cross section is
s/d= constant), thicker splitters slightly,enhance the silencer performance at low frequencie

ng and optimizing splitter silencers for low-frequency attenuation, attention shall be paid to
and internal partitioning of the splitters. To improve the high-frequency attenuation perfor
can be reduced or’separate splitters can be positioned along the duct with an off-set. Both
ased pressufe-oss. While the off-set provides an additional attenuation of less than 6 dB. th
ost double(s€e Figure 9).
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the inlet of

Contamination of splitters generally results in reduction of attenuation performance at mid and high frequencies.
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Figure 8 — Insertion loss  D; vs. frequency f of silencers with common splitters according to laboratory

6.1.2.3 Pfessure loss

The total pressure loss produced by a silencer [see equation (2)] is a decisive factor in the choice of
airway widths. It comprises the pressure losses at the inlet, outlet and along the airway between spli
selection gf a silencer, the permissible total pressure loss must be known. In the case of uniform non-r
to the sileicer and ducts where the cross-section remains constant, an estimate for the pressure loss
can be drgwn from the pressure-oss coefficient { (in relation to the total duct cross-section):

{s = %ﬁz Dseaffs + e Lo (10)

where

4

&

measurements

splitters and
fters. For the
ptating inflow
at both ends

is the form factor for the upstream side; for rectangular splitters, {; = 1; for splitters with
upstream side profile {; = 0,1,

semicircular

is the form factor for the downstream side; for rectangular splitters {, = 1; for splitters with semicircular end

profile {, = 0,7 (small effect),

is the width of the airway, in metres, m;

is the thickness of the splitter, in metres, m.
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Figure 9 — Insertion loss  D; vs. frequency\\f and pressure loss coefficient  { for various splitter arrangements
acgording to laboratory measurements

On the whole, these pressure Josses will grow with the square of the ratio d/s. Frictional losses incfease with
increasing rgtio of splitter lengthy 1, and with the hydraulic cross-section which is proportional to the airwpy width s.
For sound-alpsorbent splitters.with or without a perforated plate cover, the pressure loss coefficient {; dug to friction

can be estimpted from;

¢4 =00 25'—S§+ %@2 (11)

The value 0,025 is typical for half the friction coefficient of dissipative splitters.

Therefore, to keep pressure losses within acceptable bounds, splitters shall not be too thick and airway widths shall
not be too small.

For comparison with laboratory measurements in accordance with 1ISO 7235, the total pressure loss is calculated
from

ap=((s+¢r) 0 =¢ 0 12)

NOTE The measurement conditions in accordance with ISO 7235 result in A = 0 [see equation (2)].

18
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6.1.2.4 Effects of flow on attenuation and regeneration of sound
Flow with a velocity up to about 20 m/s in the airway will barely have an impact on dissipative attenuation.

Flow can affect sound dissipation in splitter silencers in two ways. First, the speed of sound is different in the
upstream and downstream directions. Secondly, velocity profiles cause refraction effects. Both effects depend on
the Mach number Ma and are negligible for Ma < 0,05.

Most important is the regeneration of sound by flow. The regenerated sound (or flow noise) is measured in
laboratory tests and is characterized by sound power levels which are closely associated with flow velocities. These
levels are related to a non-rotating inflow to the silencer. If this condition is not valid in situ, for example because of
the upstream duct design, higher levels of regenerated sound will occur.

The level|of the sound power emitted from the silencer cannot be less than the sound power|level of the
regenerated sound. Attenuations in situ are therefore often less than laboratory values which ar¢ determined
without giying consideration to the regenerated sound. An estimate for the octave-bandrsound power level of
regenerated sound can be obtained from equation (13):
0 g¢ fO O of %
Lwod =B+ %Lo lg-PS 1 601g Ma+101g O+ %H [-101g O+ Q—‘Sg dB (13)
g W H H B -V-H

where

B i a value, in decibels, dB, depending on the type of silencerand the frequency;

v ig the flow velocity, in metres per second, m/s, in the narrowest cross-section of the silencer;

c igthe speed of sound in the medium, in metres persecond; m/s;

Ma i the Mach number (Ma = v/c);

p g the static pressure in the duct, in pasgals, Pa;

S if the area, in square metres, m2, of the narrowest cross-section;

f  ig the octave-band centre freguency, in hertz, Hz;

H ig the maximum transyerse dimension of the duct, in metres, m;

6 i9 alength scalexin metres, m, characterizing the high frequency spectral content of the regenjerated noise;

Wo=1W.
The sound pewer level of regenerated sound will vary with the temperature T approximately with —2p Ig(T/T;) dB.
For smooth-walled dissipative splitter silencers used in heating, ventilation and air-conditioning equipment, an

approximation is given by B =58 dB and 6= 0,02 m. For this case, a graph of equation (13) is shown in Figure 10,
and the A-weighted sound power level of a duct cross-section of 1 m? is then calculated from:

Lwa = %—23 +67lg %’F dB (14)
where vy = 1 m/s.

NOTE For other types of silencers, particularly for resonator silencers, B may be larger in certain frequency bands.
However, no general information can be given on the values of B and 6.
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6.1.3 Dissipative silencers with bends

Bends occur at intake (e.g. absorbent disk valves, see Figure 11) or blow-off openings and in the course of long
duct systems (corners). At low frequencies where the cross-sectional diameter is small compared to the wavelength
of sound, bends in the duct (as in flexible tube silencers) do not affect the transmission of sound. At high
frequencies, when the wavelength of sound is less than the duct width, the sound will hit the front wall almost like a
beam and can therefore be strongly attenuated by a sound-absorbent lining.

NOTE Basically, the attenuation of a bend may be defined as the additional attenuation observed in a bent duct as
compared to a straight one. For the time being, however, there are no specifications for measurements of this attenuation. In
practice, the effect of the lining may be determined by comparing hard-walled and absorber-lined structures.
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Figure 1 — Octave-band sound power level Ly, of regenerated sound vs. frequency  f for air inder
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Figure 11 — Silenced intake opening with absorbing baffle (schematic)

The effect of|disk valves may be described using equation (7). The ratio U/Sdoes not change along the rgdial sound
propagation Ypath—Fhe—efective—length—is—determined—by—the—disk—radits—As—dimensions—are—usually small,

suppression of beam formation is of minor importance. The duct end is formed like a curved funnel to reduce the
relatively high pressure losses.

In the case of corners, it is important to distinguish between aerodynamically shaped ducts and ordinary ventilation
ducts. In aerodynamically shaped ducts, sound-absorbent guide vanes are used, which require only little space but
can have considerable effects at high frequencies. In ordinary ventilation ducts, wall linings near the corner are
suitable. The more protrusions the walls have that are comparable with the wavelength of sound, the more the
sound will be scattered and the greater will be the attenuation. Figure 12 shows an example of the transmission
losses measured in a bend with different surfaces lined or left bare.
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Figure 12 — Transmission loss D, vs. frequency f of a bend with various arrangements of sound-absorbent
wall linings (ventilation shaft of a subway tunnel)
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6.2 Reactive silencers
6.2.1 Resonator silencers
6.2.1.1 General considerations

For the lining of ducts as well as for the construction of splitters, attenuating elements in the form of absorbers or
resonators are used. The combination of both types may be useful for particular applications.

Different types of resonators, shown in Figure 13, are as follows:

a) a sound-absorbent layer of low flow resistance with rigid backing and lateral partitioning, performing as a
guarter-fvavelengtnh resonator,

b) a similafj device equipped with a perforated or slotted plate of low porosity, providing "bottle necks" |n the path
of airborpe sound (Helmholtz resonators);

c) a similafly partitioned lining with sound-absorbent layers on the partition walls or without any |absorbent
material| also performing as a quarter-wavelength resonator; and

d) a similagdevice covered with a light foil or plate.

a \5/ b)

. \5/ "

Key:

1 Resistivel|layer

2  Perforated or slotted plate

3 Sound-alysorbentiayer

4 Foil or plate

5 Rigid bagking or plane of symmetry

Figure 13 — Types of resonator linings  (schematic)

Combinations of Helmholtz and plate resonators, which do not require any absorbent material, are in practical use
[25].

6.2.1.2 Quarter-wavelength resonators

The quarter-wavelength resonance frequency f,, in hertz, is determined by equation (15):

fo=— (15)
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where
c isthe speed of sound, in metres per second, m/s;
t s the effective thickness of the lining, in metres, m.

An example for multiple quarter-wavelength resonators is shown in Figure 18. The width of the lateral partitioning,
which may be oriented perpendicularly or inclined towards the cover, shall be less than t (preferably less than t/2) in
the direction of sound propagation. The sound-absorbent material, if used, shall be protected from contamination or
abrasion caused by the flow. Quarter-wavelength resonators are also effective at odd multiples of the natural
frequency f, if the width of the chamber is sufficiently small.

6.2.1.3 Helmholtz resonators

The natural frequency of a Helmholtz resonator is given by equation (16):

_le | e
fo=tbr t(l +Al) o)

e i9the fraction open of the area of the covering plate;

I ig the plate thickness, in metres, m;

>

ig the end correction for the openings, in metres, m;

c and|t are defined as in equation (15).
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Figure 14 — Resonance frequency f; of a Helmholtz resonator vs. fraction open of the area ¢ of a perforated
plate (1 mm thick, 5 mm diameter holes) in front of a partitioned lining of depth t(c =340 m/s)
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Figure 15 4

A graph of e
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NOTE Fo

narrower frequency band than the quarter-wavelength resonator,\Damping the chamber will not result in significant

bandwidth. By
contamination

6.2.1.4 Plats
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— Resonance frequency
front of a partitioned lining of depth

fo of a plate/foil resonator vs. mass pér unit area m" of a limp

t (c = 340 mfs,/p = 1,2 kg/m3)

fuation (16) is shown in Figure 14. The end correction depends on the diameter of the ope
positions and on the velocity of grazing flow, should-this’exceed 15 m/s.

identical depth of the chamber, the Helmholtz resonator is always tuned to a lower frequency ar

comparison, porous material applied to the cover acts as an effective dampener but is highly

p/foil resonators

he resonance frequency of asplate/foil resonator, replace ¢/(I+A4) in equation (16) by p/m’”:

(17)

b

plate in

nings and

d acts in a
changes in
ensitive to

issthe dpncify of the gas, in kilngramc per cubic metre kg/m3;

m”

candt

is the mass per unit area of the plate or foil, in kilograms per square metre kg/m?2;

are defined in equation (15).

For air under normal conditions, a = 60,/kg/m Hz . A graph of equation (17) is shown in Figure 15. Suitable choices
shall be made in material and design to avoid the resonator being detuned through deposits, and to prevent the co-
vibrating cover from becoming sensitive to mechanical damage. Special plastic or metal foils are used. With thin foil

there is the d
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At higher frequencies, characteristic vibrations of the cover are exploited to generate acoustically soft walls in
further frequency bands. Broad-band attenuation is more reliably achieved by using differently tuned resonators on
the path along the duct. Distances between the resonator groups shall then be at least one-quarter of the (largest)
resonant wavelength in order to avoid any interaction between them, which is usually detrimental. This rule also
applies for the different sides of ducts. Since the resonators are most effective in the frequency range where the
airway between linings is less than half a wavelength, differently tuned resonators shall not be specified for opposite
walls.

For all types of resonators, the natural frequency depends on temperature according to the speed of sound c:

c=cyT/ T (18)

where
T ig the absolute temperature, in kelvins, K;
Ty ig the ambient temperature, in kelvins, K;
Cy i9 the speed of sound, in metres per second, m/s, at ambient temperature.

To tune a fesonator to a specified natural frequency at an elevated temperature Ty the dimensions shall be enlarged
by the factor T/ T, as compared to the dimensions at ambient temperature. Damping of resonatgrs increases
with incregsing temperature.

6.2.2 Reflective silencers
6.2.2.1 Gpneral considerations

Reflective|silencers are mostly designed to attenuate thefundamental mode in ducts below the cut-on|frequency of
higher-order modes, i.e. for relatively narrow ducts. In-wider ducts, the propagation of higher-order mpdes may be
prevented| by using rigid axial duct intersections «(§0-called mode filters). A part of the incident gound will be
reflected. This effect is not at present put to practical use.

Reflective|silencers may comprise

0 asimple expansion or contraction;

0 a houking containing several intefconnected expansion chambers,
0 duct Qranching, and

O reactiye-type splitters.

Distinction shall be made between reflective silencers for stationary plant and for automobiles and |other mobile
equipment.

When selgctingtreflective silencers for stationary plant, primary consideration is given to achievjng a simple
constructign-of sufficient mechanical stability. In silencers for pressure lines, the housing is designed gs a pressure
vessel. Radiation of sound from the housing is suppressed by providing a sufficiently heavy or stiff circular cross-
section.

Reflective silencers for automobiles are designed to meet restrictions concerning mass and transverse dimensions.
As a consequence, lightweight housings are built with an oval or generally non-circular cross-section. Radiation of
sound from these housings shall be suppressed by special measures, such as double-shell constructions with
damping layers in between, construction of chamber walls as stiffening bulkheads, and the use of special ribs to
ensure stability.

All transverse dimensions and often the axial dimensions of fittings are small in comparison to the wavelength of the
low-frequency sound to be attenuated. When tuning the elements, raised temperatures in the exhaust flow of
internal combustion engines and compressor lines should be considered. Non-linearities (shock waves) and
regenerated sound are decisive factors in high-frequency attenuation.
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Figure 16 — Calculated insertion loss  D; vs. frequency f of a single-chamber reflective silencer for va
flow velocities in the direction of sound propagation
In the absence of flow and high sound levels, good agreement can be ‘obtained between transm
calculations @nd laboratory measurements with loudspeakers [6]. In practice, however, the effects of flo

important. Fl
de-tuned ang

6.2.2.2 Expansions and expansion chambers

From an op¢g
compared to
the greater th

bW causes damping in perforated pipes and expansion chambers (see Figure 16). Resonato
their damping enhanced or reduced, depending on the direction of the flow.

the wavelength A = c/f. Reflection will be stronger, and hence the sound radiated outwards W
e solid angle Q of radiation. To enhance reflection loss D, at the outlet, the area Sshall be §

the outlet is better positioned far away.from a wall (€2 = 4m) than in a wall (2 = 2m), in an ed
(2 = 172); see equation (19):

0 0
g G+ 5-C ﬁzgm dB (19)

g HdU SH

e speed of sgund, in metres per second, m/s;

e frequency, in hertz, Hz;

e-solid angle of radiation, in ster radians, sr;

rying

ssion line
v are very
Is become

n end, sound is reflected back towards the sotrce if the diameter of the outlet cross-secti¢n is small

ill be less,
s small as
je (2=T),

possible and
orin a corne
Dy, =10
where
c isth
f isth
Q isth
S

is the outlet area, in square metres, m2.

Flow leaving ducts that end in the open or in a large enclosed space will regenerate sound if a significant pressure
drop occurs at the duct outlet. To keep the regeneration of sound small in critical cases, the outlet area shall be as
large as possible and free of obstacles.

NOTE

When the linear dimension of an expansion chamber in any direction is small compared to the wavelength of sound,

its volume relative to the open area causes a spring-like reaction of the enclosed gas. The larger the volume the softer the

spring is. The

element has a high-pass frequency characteristic.

When the linear dimension of an expansion chamber in any direction is large compared to the wavelength of sound, diffuse
sound fields occur which provide for a de-coupling of different openings. Multiple reflections can be used to provide significant

attenuation ev
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6.2.2.3 Contractions

A pipe inserted in a partition between two chambers is acoustically effective with the mass of the gas enclosed (with
end corrections), provided that the pipe is carrying no flow and that its length is short compared to the wavelength.
For a hole in a thin wall or a perforated plate, the mass is essentially that of the end corrections. Such elements
have a low-pass frequency characteristic and can be used to tune resonances of the silencer.

For a pipe carrying flow, resistive properties arise particularly from the pressure drop at the outlet. Flow grazing over
a perforated plate also increases the acoustical resistivity of the element.

Special contractions are Venturi nozzles which are used as single elements or in perforated plates. In a suitable
dimension such elements exhibit considerably less resistance for the average direct flow than for the superimposed
oscillation[peaks, thus acting as non-linear elements.

6.2.2.4 Multi-chamber housings

A reflective silencer may consist of a housing with several flanges to be connected to the . source and finlet or outlet
ducts, and of fittings mounted in the housing. These fittings form changes in the cross-section, branchings or dead
ends (see|Figure 17). The changes in cross-section are expansions or contractionsy The acoustic pgrformance is
mainly determined by the ratio of the linear dimension | to the sound wavelength A. This ratiol is inversely
proportionpl to the square root of the absolute temperature:

. Ez.l_o 0
where

T ig the temperature, in kelvins, K, of the gas in the-flow duct;

T, ig the ambient temperature, in kelvins, K;

A i9 the wavelength, in metres, m, of seund at temperature T,

Ao i the wavelength, in metres, m, 0f sound at ambient temperature T,

1 2
/
43.—1/ —+
g =
3

Key:

1 Sudden change in cross-section
2 Outer casing
3 Flow duct

Figure 17 — Multi-chamber reactive silencer  (schematic)
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6.2.2.5 Branchings

©1SO

If a duct splits into branches where the lengths differ by Al before recombination, a high degree of attenuation
through interference will be achieved for odd multiples of the frequency c/(2Al), where c is the speed of sound. This
interference gives rise to marked reflections in several narrow frequency bands at the branching point.

A special form of branches is the side-branch, where one branch length is small compared to a quarter wavelength.
The performance of a side-branch is similar to that of a quarter-wavelength resonator.

6.2.3 Reactive splitters

Duct linings or splitters with resonators which are not significantly damped by sound-absorbent material will result in

high insertiof

Figure

008

30

20

A
Al

P ara\D

/v i

63 125 250 500 1000 2000 8 000
2

| 8 — Typical insertion loss

D; vs. frequency.'d of a splitter silencer with quarter-wavelengt

resonators

loss mainly for frequencies near the natural frequency of the resonator (see Figures 18 and|19).

Dimensions i millimetres
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Key:
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1  Splitters with resonators tuned to 160 Hz and 315 Hz

2  Splitters with resonators tuned to 40 Hz

NOTE Top curve is without silencer; bottom curve is with silencers 1 and 2 installed in series.

Figure 19 — A-weighted sound pressure level
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NOTE Flow with velocities exceeding 10 m/s may de-tune resonators towards higher frequencies by up to a one-third
octave, and may increase or decrease damping, depending on the shape of the resonators. The maximum attenuation will
decrease and regenerated sound will increase.

At high frequencies, depending on the roughness of the surface compared to the wavelength of sound, the
attenuation will become independent of frequency; it will be negligible for plate resonators.

KKARRKIKARAIKKAK AN

KRR

X X%
KR

‘ 2

Key:
1 Flow-germeable material (e.g. sintered metal)
2 Highly|pressurized medium

Figure 20 — Throttle silencer for pneumatic systems (schematic)
Laboratory measurements are only reliable if the influence of flow on tuning, damping (increase or dgcrease) and
regenerated sound can be taken into account in a realistic way: The influence of temperature on absofption cannot
usually be|measured.
Calculations are often limited to the near vicinity of the natural frequency. It is difficult to account for the influences

of flow andl roughness of the surface. In Figure 18, the effective roughness is mainly determined by th

e ratio of the

side-brandh width to the wavelength.
Reactive gilencers, such as plate/foil resonators and Helmholtz resonators or combinations of both, 'Lhat dissipate
sound solgly through boundary layer effects (viscosity and heat conduction) or through structure-borfpe vibrations,

are of partjcular interest because the-gas cannot become contaminated by absorption material even if t

damaged.
closed su

6.3 Blow

This type of silencer is-particularly suitable for areas with stringent hygienic requirements b
face.

-off silencers

he silencer is
ecause of its

It should always beensured that the silencer does not affect the safety of the machinery to which it is fifted.

Blow-off s
element w

lencers-to be fitted to the outlets of pneumatic valves are small elements. They consist 0
ith-a‘surface which is large compared to the cross-section of the duct and is permeable to

a cylindrical
the flow (see

Figure 20)-

A cufficiant floww racictanca of tha cirfaca chall which cancicte of fibrous matarial ar i
H—SHHHGIeR—HeWeSiStalice—-oe—the—StHace—Shetr—WHHER—GeRSISTS—OHHBroUS—Hate Har—o St

htered metal,

provides for an almost uniform distribution of the flow over the surface area. Such throttle silencers have a threaded
end for connection to the duct. When contaminated, they are replaced unless cleaning by steam, chemicals or
burning-out is possible.

Silencers for blow-off lines of large safety valves are designed for multi-stage relief. This is achieved by using
perforated sheet metal which ensures that the permissible rise in pressure is observed. The structure shall be of
high mechanical stability, so that it will not be compressed or destroyed when a blow-off occurs. Condensed liquid in
the attenuator shall be prevented from freezing. Perforated plates are often combined with dissipative silencers to
meet the strict requirements concerning sound level reduction.
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7 Measurement techniques

7.1 Laboratory measurements

7.1.1 Overview

The following measurement methods are in use:

0

O

laboratory measurements for ducted silencers as specified in ISO 7235;

ISO 11691,

©1SO

determination of the insertion loss of silencers in ducts without flow; laboratory survey method as specified in

determir]
machineg

The method
be used.

7.1.2 Measl

High expend
velocities bel

As long as th
rooms will fin
modes, whic

additional laboratory measurements for development and detailed analysis of ducted silencers;

ation of the insertion loss of a silencer on a machine by measurement of the sounéypower |
with and without the silencer as specified in the 1ISO 3740 series.

chosen is determined by the application of the silencer and by the purpose for which the rg

rements in accordance with 1ISO 7235

iture is needed, particularly for the determination of the insertion loss with flow. Therefo
pw 20 m/s in the airway between dissipative splitters, the usually small effect of flow is often

e sound field in the silencer consists of plane waves,cdifferent test facilities with adjoining r
d very small reproducibility standard deviations ofsinsertion loss. A different excitation of h
N is hardly avoidable at their cut-on frequency and-at higher frequencies, may cause greater

Laboratory measurements will not usually allow the “extrapolation of the silencer performance

temperaturesg
7.1.3 Measl

Laboratory n

, pressures or flow velocities.

rements in accordance with 1ISO 11691

different labgratories is kept small by specifying the dimensions of the sound source and of the test ducts

shall be car({ed out in accordance with SO 11691. The reproducibility standard deviation for measu

and behind t
7.1.4 Furthe

Silencers wit

e silencer as well as-those of the substitution duct.

r measurements-on’ducted silencers

the duct. Souind pressute distributions in frequency bands like the one shown in Figure 5 can be determ

this method.

pvel of the

sults shall

e, for flow
gnored.

bverberant
gher-order
leviations.

to higher

easurements of insertion loss.without flow in smaller silencers for HYAC plant and similar applications

ements in
in front of

h straight duets or airways for the gas flow can be examined in detail by moving the microphone along

ined using

If silencer m

pdels are built in accordance with the model laws for geometrical, operational and material

Similarities

(see 6.1.1), laboratory measurements can serve to predict attenuation in situ. This method is used for large,
complex geometries and for silencers intended for use under special operating conditions.

7.1.5 Measurements on silencers for small machines

In order to determine the insertion losses of silencers for use with small machines, laboratory measurements using
either the free-field method (enveloping surface method of ISO 3744) or the reverberation room method in
accordance with 1ISO 3741 can be used, depending on the significance and separability from other machine noise.
The method is chosen according to the required accuracy. It shall be specified whether measurements are to be
carried out with and without the silencer or whether the silencer is to be replaced by a hard-walled duct with inlet
and outlet cross-sections identical to those of the silencer.
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7.2 Measurements in situ

Measurements in situ differ from laboratory measurements because

0 the measurement method has to be adapted to the conditions in situ;

O details of the measurements, such as the number and position of measurement points, cannot be specified
independently from the conditions in situ;

0 the conversion of measurement quantities, such as sound pressure levels, into values characterizing the
silencer, such as transmission loss, cannot be carried out referring to specified testing conditions but using
solely pragmatic values;

O the sgparation of regenerated noise and other limitations to the attenuation is hardly possible;

0 flow measurements, if possible at all, can only be carried out to obtain survey precision,

These differences are allowed for in ISO 11820. Interested parties should, prior to,commencing npjeasurement,

select the| appropriate measurement method from a schematic list of conditions ,and agree upon t
correction|values for the conversion of the measured quantities. Regenerated noise,is regarded as a p
silencer ir] the specific application and as such part of its attenuation perfarmance. Flow measure
chiefly to detect non-uniform flow distributions which may cause silencer malfunction.

For specigl analysis in situ, measurements in accordance with ISO 11820-may be supplemented by m
taken witha drag microphone or at various fixed positions in the freexduct or airway. This can help to d
sound trarjsmission paths.

7.3 Measurements on vehicles

No specifi¢ standards exist for silencer measurements onnmoving vehicles.

8 Information on silencers

8.1

As a minimum, the following information, if applicable, shall be provided by the user/purchaser in or(g
the requirgments for a silencer:

a)

b)

Information to be provided by the.user

type gf machine or plant(information concerning representative modes of operation), for example

O

O

for piston machines: power, engine speed, operating principle, number of cylinders, ignition
umber oféstages, respectively,

for air-moving devices: power or volume flow and pressure difference, engine speed, opera
Mmber of guiding and rotating blades per stage, number of stages, shape and type of blade

ne pragmatic
operty of the
ments serve

Pasurements
btect flanking

er to specify

sequence or

ing principle,
S, intake and

outlet cross-sectional dimensions;

displaced medium

O

O

identification,

mass or volume flow,

temperature, pressure, humidity, gas constant or density,
type and quantity of contaminations,

materials to be used or to be avoided for the construction of the silencer;
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c)

d)

f)

8.2

©1SO

spatial mounting conditions of the complete plant including the silencer and pipes (sketch with indication of
dimensions);

required

attenuation as

O A-weighted sound level reduction for a specified spectrum, or

O insertion loss in one-third-octave or octave bands between 50 Hz and 10 kHz, or

O insertion sound pressure level difference for a specified immission point in frequency bands between
50 Hz and 10 kHz;

permiss[vle pressure loss;
I

addition
O fire
0 emg
L opp

requirements concerning, for example
protection,
ergency conditions,

prtunities for maintenance, maintenance cycles and standstill time;

O further specific information (if necessary).

Informa

For the spec|
following info

a)

b)

c)
d)

f)

32

sound a
O insg
0 tran
O insg
pressurg
geometr

material
potentia

ition to be provided by the manufacturer

fication of the operational properties of a silencer, thessupplier/manufacturer shall provide 2
rmation, if applicable:

tenuation under specified operating conditions,in one-third-octave or octave bands, given as

rtion loss, or

t least the

smission loss with correction termsTinsaccordance with ISO 11820 and measurement positiofs, or

rtion sound pressure level difference for a given immission point;
loss under specified operating conditions, taking into account intake and exhaust flow condi

y of the silencer (drawing);

ions;

5 used, particularly information suited to indicate compliance with cleanroom specifications and

health hazards by comparison with current limit or recommended values;

further spetific information, if necessary.

weight, r[:ounting, inspection and maintenance conditions;
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(informative)

Applications

A.1 HVAC equipment

ISO 14163:1998(E)

A.1.1 General considerations

Heating, ventilation and air conditioning (HVAC) technology is a major field of application for silencers. |t is their task
here to kdep fan noise and regenerated sound caused by duct fittings out of rooms wheré+ow soupd levels are

required.

ir leakages should be observed. Furthermore, so-called crosstalk silencers-are used to achieve

compliance with requirements for sound insulation between adjacent rooms (see A.1;4):*Resonator dilencers may

be neede

in addition to dissipative silencers if very stringent acoustical requirements are to be met py the HVAC

equipment. From the acoustic as well as the economic point of view, a suitable arfangement consists df a resonator

silencer n¢ar the fan (primary silencer) and a dissipative silencer near the outlet (Secondary silencer).

A.1.2 Prevention of regenerated sound

Since the pound power of broad-band flow noise is roughly proportional to the sixth power of the flow|velocity (see

most important for the prevention of regenerated sound.to keep the maximum flow velocity in the duct

cross-section and along the duct sufficiently small. Elements inserted in ducts which cause periodic voftex shedding
provide pyre tones. This can be prevented by particular shapes and special orientation with respect to the direction

d sound unless they are sound-absorbent constructions.

A.1.3 Flexible tube silencers

ide vanes applied on splitters and in bends_far the reduction of pressure loss will cause additional

Connectiops between non-aligned ducts cande-achieved by means of radially stiff but axially flexible tyibes. As long
as they arg perfectly round in cross-section and not deformed by damage during installation or too nprrow bends,
the walls grovide for a high transmission:@ss. Internal lining yields attenuation especially at high frequepcies.
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Key:
1 Direction of airflow 4  Disk valve
2 Room1 5  Absorptive silencer
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Figure A.1 — Crosstalk silencer with disk valves in HVAC equipment

(schematic)
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A.1.4 Crosstalk attenuation

In ventilation technology, crosstalk is the sound transmission from one room to another through a ventilation duct
which is open at both ends. If there are requirements concerning airborne sound insulation between the two rooms,
this flanking transmission should be suppressed by placing crosstalk silencers in the duct between the two rooms.
Figures A.1 and A.2 give an example showing the schematic and efficacy of a crosstalk silencer. Crosstalk
attenuation includes the transmission loss of the ductwork, the insertion loss of the silencer and the end reflection.

A.1.5 Ventilation of industrial workshops

Workshops and enclosed plants with ventilation outlets in the facade will be fitted with silencers for ventilation
outlets in the _facade if noise protection in the neighbourhood is needed. If, for economic reasons, natural draught
ventilation shall be used, outlets shall be large in area and fitted with dissipative silencers. For madgrate noise
control requifements, attenuating louvres are sufficient (Figure A.3). Where requirements are higher;thought should
be given to weather-protection devices, as sound can be generated under certain weather conditions’ (thjough wind
and rain).

[a4)
o
o 30
= /\
\ N
25 — /
20
15 e
10
5
0
63 125 250 500 1000 2 000 4 000 8000

f.Hz

NOTE Cufve 1 with silencer, curve-2/without silencer; measured with disk valve half open.

Figure A.2 I— Transmission10ss D vs. frequency f of a crosstalk silencer (flexible tube silencer, 504 mm
long, 25 mm thick-sound-absorbent lining) on a disk valve with nominal width of 150 mm
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A.2 Ind
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0 Louvres {schematie)
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Figure A.3 — Transmission loss D vs. frequency f for two types, of louvres

Listrial plants

blds of application

Silencers are generally needed

O on thd

O inthe

O on thd

O inthe

O behin

suction and pressure sides of air moving.devices,

conveying system of mills and otherprecessing equipment,
suction and exhaust sides of furnaces and gas turbines,
conveying system of pnedmatic conveying and hoisting plant,

H control valves in pipes;

0 for safety valves,

rol is applied, for example, in power plants, chemical processing plants, mining and minergl processing

O in the|ventilatiomsystem of enclosures and cabins.
A.2.2 Fans
Fans are tonsideredamongthemostabundant oise—sources i ptant techmotogy Deperndingon

10ise control

requirements, silencers should be fitted on the intake and/or outlet side. A peak emission in the low frequency range
is a characteristic of most air-moving devices. In addition to a broad-band sound, emission many have tonal
components as well.

The frequency characteristic of attenuation and the pressure loss of a silencer should be matched to the
characteristics of the air-moving device. For superpositions of broad-band noise and tonal components, the
combination of broad-band dissipative silencers with tunable resonator and reactive silencers is recommended.
Sufficient space should be provided for the silencer if low frequencies are to be attenuated, as low-frequency
attenuation requires thick linings. For tonal components, resonator silencers may present a solution needing little

space.
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