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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 ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting Publication as an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 7235 wag prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This second gdition cancels and replaces the first edition (ISO 7235:1991), which has been technically re¢vised.
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Introduction

This International Standard specifies the substitution method for determining the insertion loss of ducted
silencers and a method for determining the transmission loss of air-terminal units.

In the substitution method, the sound pressure level of the transmitted wave is first determined for the test
object and then when the test object has been replaced by the substitution duct. The sound pressure level of
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ethods are listed in order of preference.

coustic performance of silencers depends on the modal composition of the sound field a
or regenerated sound).

hternational Standard describes configurations at the inlet side providing for a predominan

irement procedures which are not sensitive o reflections or which allow for specifie
rmore, this International Standard gives guidance on the suppression of flanking transmisg

D.

ransmission loss of an air-terminal unit is determined from the results of measu
eration room and theoretical reflection coefficients of a substitution duct.

sertion loss of a silencer is generally affected by the airflow. The insertion loss is theref
ired with superimposed airflow if the silencer is to be used in ducts with high flow velocity.

bsorptive silencers-where the maximum internal flow velocity falls short of 20 m/s, the fl
bn effect on the_ insertion loss. In practice, non-uniform flow distributions will occur. Therg
y of 20 m/s may.correspond to a design velocity of 10 m/s to 15 m/s.

flow throdgh'a silencer regenerates noise. This flow noise (or regenerated sound) establish
pressire level that can be achieved after the silencer. It is, therefore, necessary to kn
levelYof the flow noise (or regenerated sound) behind the silencer. This is preferably de
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eration room connected to the object via a transmission element.

In accordance with this International Standard, the total pressure loss of a silencer to be used with flow is to
be determined. It is, therefore, useful to equip the test facility with the instruments and devices necessary for
the determination of the total pressure loss.
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INTERNATIONAL STANDARD ISO 7235:2003(E)

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

1 Scope

This International Standard specifies methods for determining
— the insertion loss, in frequency bands, of ducted silencers with and without airflow,

— the sound power level, in frequency bands, of the flow noise (or regenerated sound) genergted by ducted
sflencers,

—

He total pressure loss of silencers with airflow, and

—

He transmission loss, in frequency bands, of air-terminal units.

The measurement procedures are intended for laberatory measurements at ambient | temperature.
Measlirements on silencers in situ are specified in ISO 11820.

It is t¢ be noted that the results determined in a laboratory according to this International Stapdard will not
necessarily be the same as those obtained in_situ (installation), as different sound and flow fields will yield
differgnt results. For example, the pressure lgss*will be lower under laboratory conditions than in situ, but will
be comparable between different laboratori€s:

This International Standard is applicable to all types of silencer including silencers for ventilating and air-
conditioning systems, air intake and-exhaust of flue gases, and similar applications. Other passivie air-handling
devicgs, such as bends, air-terminal units or T-connectors, can also be tested using this| International
Standprd.

This International Standard.is not applicable to reactive silencers used for motor vehicles.

NOTE(1 Annex A specifies the sound field excitation equipment. Annex B gives requirements for the trapsition element.
Annex|C gives details\of duct walls and limiting insertion loss. Annex D specifies how to convert one-third-octave band
attentyation valu€s‘to octave band values. Annex E gives requirements for measurements on largg parallel-baffle
silencgrs. Annex:F specifies a test of longitudinal attenuation. Annex G gives guidelines on anechoic tgrminations and
Annex|H shows'examples of measurement arrangements.

NOTER Acoustic fnefing of air-terminal devices-and fan-coil units-is-to be carried out as-described for ait-terminal units.

NOTE 3  Sound power measurements on air-terminal units are specified in ISO 5135. Measurements of the pressure
loss of air-terminal units are described in EN 12238, EN 12239 and EN 12589.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3741:1999, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Precision methods for reverberation rooms

© 1SO 2003 — Al rights reserved 1
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ISO 3746, Acoustics — Determination of sound power levels of noise sources using sound pressure —
Survey method using an enveloping measurement surface over a reflecting plane

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 1: General principles and requirements

ISO 5221, Air distribution and air diffusion — Rules to methods of measuring air flow rate in an air handling
duct

ISO 9614-3, Acoustics — Determination of sound power levels of noise sources using sound intensity —
Part 3: Precision method for measurement by scanning

IEC 60651:2001, Sound level meters
IEC 60804:2000, Integrating-averaging sound level meters
IEC 60942:1997, Electroacoustics — Sound calibrators

IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters

3 Terms pnd definitions
For the purpoges of this document, the following definitions apply.
3.1

insertion loss

D

(of the test opject) reduction in the level of the sound power in the duct behind the test object due o the
insertion of the test object into the duct in place of a substitution duct, given by the equation
Di =Ly — Ly (1)

where

Ly is the level of the sound power in the frequency band considered, propagating along the test quct or
radigting into the connected teverberation room when the test object is installed;

Ly is the level of the sound power in the frequency band considered, propagating along the test quct or
radigting into the cannected reverberation room when the substitution duct replaces the test object.

NOTE 1 The insertiondloss is expressed in decibels (dB).

NOTE 2 Fof measurements according to this International Standard, the insertion loss of a silencer eqyals its
transmission lops.

3.2

transmission loss

Dy

(of an air-terminal unit) difference between the levels of the sound powers incident on and transmitted through
the test object

NOTE 1 The transmission loss is expressed in decibels (dB).

NOTE 2  Adapted from ISO 11820:1996.

2 © ISO 2003 — Al rights reserved
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3.3

face velocity

Vi

velocity in front of the test object

Vi = ?S'_I; (2)

where

gy, is the volume flow rate, in cubic metres per second (m3/s);

S} is the inlet (or face) cross-sectional area of the test object, in square metres (m?2)

NOTE The face velocity is expressed in metres per second (m/s).
34
total pressure loss

(of the test object) difference between the total pressures upstream and downstream of the test dbject

NOTE The total pressure loss is expressed in pascals (Pa).
3.5
total pressure loss coefficient
g
total gressure loss divided by the face velocity pressure upstream of the test object, given by the|formula
A
4=+ 3)
2 P1VE

where

Apy is the total pressure loss) in pascals (Pa);

o is the air density upstream of the silencer, in kilograms per cubic metre (kg/m3);
v{ is the facewelocity, in metres per second (m/s) (see 3.3)

3.6
front
positign-relative to the direction of the sound propagation of the sound signal to be measured, ¢orresponding
to the “source side

3.7

behind

position relative to the direction of the sound propagation of the sound signal to be measured, corresponding
to the “receiving side”

3.8

test duct
straight, rigid duct of constant cross section in front of and behind the test object

© 1SO 2003 — Al rights reserved 3
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3.9
transition
duct element which connects two duct sections with different duct cross sections to each other

NOTE Transitions which are part of a silencer as supplied by the manufacturer/supplier are considered part of the
test object.

3.10
anechoic termination
device intended to reduce sound reflections at the receiving-side end of the test duct

3.11
transmissio} element

connection from the test duct behind the test object to a reverberation room, transmitting a certainfraction of

the sound engrgy from the duct into the room

3.12
substitution duct
rigid, non-absorbing duct element and having the same length and the same connecting)cross sections gs the
test object

3.13
reverberation room
test room megting the requirements of ISO 3741

[ISO 3741:1999]
3.14
regenerated sound
flow noise
noise caused|by the flow conditions in the test object
NOTE Adgpted from ISO 14163:1998.

3.15
background hoise level
sound pressure level at the indicating ihstrument when measurements are made with the substitution quct in
place and the|loudspeaker is switched off

NOTE 1 Thé background noise(level is expressed in decibels (dB).
NOTE 2  Adgpted from 1ISO11200:1995.

NOTE 3  Th¢ main elemeénts in background noise are

— flow noise|from‘the fan,

— flow noise generated at the microphone,
— flow noise from the duct system,
— structure-borne sound from the fan propagating along the duct walls to the measurement position,

— airborne sound radiated from the fan or from the loudspeaker equipment into the test room and transmitted through
the duct walls to the microphone, and

— electrical noise in the measurement equipment.

NOTE 4  Flanking transmission of sound from the loudspeaker or of flow noise generated by the test object is not part
of the background noise, but determines the limiting insertion loss.

4 © ISO 2003 — Al rights reserved
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3.16

reflection coefficient

r

ratio of the reflected sound pressure amplitude to the sound pressure amplitude of the sound wave incident on
the reflecting object

NOTE Adapted from ISO 5136:1990.
3.17

frequency range of interest
one-third-octave bands with centre frequencies from 50 Hz to 10 000 Hz

NOTE For certain applications, it may be sufficient to measure in the frequency range between 100/H7 and 5 000 Hz.

3.18
Iimitirmg insertion loss
maxinjum insertion loss which can be determined in a given test installation without/flow

NOTE The limiting insertion loss is expressed in decibels (dB).
NOTE|2  The limiting insertion loss is generally determined by the flanking transmission along the duct wells.

3.19
test opject
complete silencer, as supplied by the manufacturer/supplier, .ene or several parallel baffles [installed in a
substifution duct, or an air-terminal unit, ready for installation:in the test facility, including its housing and its
inlet and outlet openings to be connected to ducts

NOTE Examples of silencers are given in Figure 1-and Annex E. Other elements to which the method of this
Interngtional Standard is applicable are listed in Clause 13

NOTE[2  For “parallel baffles”, the term “splitters” is*also common.

a) Parallel-baffle silencer without transitions

b) Off-set silencer

© 1SO 2003 — Al rights reserved 5
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c) Circular silencer with concentric pod

AAAMAAAAAAAARsAAn AR

d) Flexible silencer

e) Silencer with spark arrestor

R T e T
AN
YA

f) Elbow silencer

NOTE A centreline is only drawn for test objects with a rotationally symmetrical airway cross section.

Figure 1 — Examples of silencers
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4 Symbols

Symbols are listed in Table 1. The meanings of indices used in this International Standard are explained in
Table 2.

Table 1 — Symbols

Symbol Definition Unit Reference
C difference in level between the sound power radiated into the dB 6.4
reverberation room and the average sound pressure level in the
reverberation room
c speed of sound m/s 5.9.2.3,B.3
D propagation loss dB/m Annex F
D, insertion loss dB 3.1,4.2,6.3, A4
D, transmission loss dB 3.2,6.3
Dy transmission loss of open end of test object dB 6.3} 6.4, B.3
d diameter of duct m 52p3,G14
d, equivalent diameter m 6/5.2.2.1
f frequency Hz B.3
fC cut-on frequency of higher-order modes in the duct Hz B.2.2, 6.2.2, G.2.3.7
Jed cut-on frequency of higher-order modes in duct with cirCular cross section Hz $.2.23
Jed cut-gn frequency of higher-order modes in ductiwith rectangular cross Hz $2.23
section
H height (of silencer or model) m 5.2.213, Annex E
L minimum length of transition m 5.4.2{3, Figure 7
Lp sound pressure level dB 6.2,6.3,6.4
. sound power level dB 3.1,64
p pressure Pa Figure 6, Table 4,
6.5.2.11,6.5.2.2.1,
6.5.2.4.2, Figure 9,
6/5.2.2.3
q, mass flow rate kg/s 54p.2,6.51
q, volume flow rate m3/s 3.3, Tqble 3, 6.5.1,
6.5.2.11,6.5.2.2.1,
6.5.2.4.2, Figure 9,
6/5.2.2.3
R specific gas constant for air, R = 287 N-m/kg-K N-m/kg-K 6.5.2]1,6522.3
r reflection coefficient 1 3.16, 5.4.2.6, Table 5,
B.2.1,B.3, G.2.1,
G.2.3.6
7 turning radius m 5.2.2.4.3, Figure 4
S cross-sectional area, general m? 6.5.2.1, B.3, Annex E

© 1SO 2003 — Al rights reserved 7
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Table 1 — Symbols (continued)

Symbol Definition Unit Reference
S test duct cross-sectional area, inlet m? 3.3, Figure 6, Figure 7,
6.5.2.1,6.5.2.2.2,
6.5.2.2.3
Sy test duct cross-sectional area, outlet m? Figure 7, 6.5.2.1
St test object cross-sectional area m2 Figure 6
s gap width in baffle silencer m Annex E
ty baffle_thickness m Eigure 6 _Annex E
% facg velocity m/s 3.3,8%
w width (of silencer or model) m Anhex E
AL diffgrence between maximum and minimum sound pressure levels of a dB B.2.1yG.21, G.L.3.6
stanjding wave in the duct
Ap presgsure difference Pa 3.4, 3.5,6.5.211,
6.5.2.2.2, Figute 6
¢ tota] pressure loss coefficient | 3.5,6.5.21,6.5.2.2.2,
6.5.2.2.3,7.8
6, temperature upstream of test object °C 6.5.2.1,6.5.2.2.1,
6.5.2.2.3
P4 air density upstream of test object kg/m3 3.5,6.5.1,654.23
Opi stanidard deviation of reproducibility of insertion loss dB 7.9, Table 7
Ggy starjdard deviation of reproducibility of intensity level dB 7.9, Table 7
cg | staridard deviation of reproducibility of transmissiontoss dB 7.9, Table 7
0 solif angle of sound radiation at the duct end sr B.3

Table 2 — Indices

Index denotes
a ambient
d dynamic
i insertion
1 intensity
n referring to the airflow rate in the middle of the range of interest

receiving-side equipment

R
R reproducibility
S

sound-source equipment

s static

t transmission

T test object

tot total
I with test object installed
I with test object replaced by substitution duct

8 © ISO 2003 — Al rights reserved
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est facilities and requirements for instrumentation

Purpose and types of test facilities

Different test facilities are specified, depending on the task, as follows.

a) Acoustic testing without airflow is applied to determine the insertion loss of a complete silencer ready for
installation in the test facility, which can be replaced by a substitution duct (or a set of baffles in the
substitution duct which shall have a minimum height of one baffle thickness) when the effect of airflow on
the test result is negligible (e. g. for absorptive silencers with an airway flow velocity of less than 20 m/s).

b) AfCousTic testing without airflow Is also applied 10 determine the transmission 1oss o1 an _airrterminal unit,
which may be mounted inside or outside a reverberation room and may contain a flowrate|controller (an
aprodynamically, electrically or pneumatically actuated damper) and a distribution bex with spigots and
dampers.

c) FJow testing is applied to determine the total pressure loss of the test object and/the sound power level of
flow noise (or regenerated sound).

d) Dynamic testing with airflow is applied to determine the insertion loss of a complete silenger or a set of
biffles when the effect of airflow on the test result is not negligible’(e. g. for certain types of reactive
s{lencers and for high flow velocities).

Acoustic testing (as compared to dynamic testing) allows for easier connection of the sound soufce to the test

objecf and does not require high sound power levels to overeome the level of flow noise (of regenerated

sound). Major requirements for flow and dynamic testing result from the need for a quiet inflow.

5.2 |[Equipment for acoustic testing of silencers

5.2.1 | Equipment sets

The tgst set-up for acoustic testing comprises (see Figure 2)

— the sound source equipment (seg*5.2.2),

— the test object, and

— the receiving-side equipment (see 5.2.4).

2
1 3

Key

1 sound-source equipment

2 test object

3 receiving-side equipment

Figure 2 — Test set-up for acoustic testing (schematic)

© 1SO 2003 — Al rights reserved
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5.2.2 Sound-source equipment

5.2.21 Components

The sound-source equipment is used to excite a sound field with dominating plane-wave mode in front of the
test object, and shall comprise (see Figure 3)

— electronic equipment and a loudspeaker unit (see 5.2.2.2),
— amodal filter (see 5.2.2.3), and

— atransiti W ] ]

Resonances in the duct in front of the test object shall be avoided (see 5.2.2.5).

T's

Key
1 loudspeaker unit
2 modal filtef
3 transition glement

rg is the reflectfon coefficient referfing to this plane.
Figure 3 ~=Examples of possible sound source arrangements (schematic)

5.2.2.2 Elgctroniccequipment and loudspeaker unit

A random-noi C
(see Figure A.1). Box resonances shaII be suppressed by a sound absorbent I|n|ng Care shall be taken to
ensure that the loudspeaker unit does not transmit unwanted structure-borne sound to the connected duct and
that the transmission of airborne sound through the walls of the box is sufficiently low.

To avoid damage to the loudspeaker unit during flow tests, openings for pressure equalisation shall be
provided.

The sound power produced by this equipment shall be sufficient to ensure that, in the frequency range of

interest and at every measurement point, the sound pressure level is at least 6 dB and preferably 10 dB above
the level of the background noise.

10 © 1SO 2003 — All rights reserved
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5.2.2.3 Modal filter

The modal filter is a duct with absorptive or reactive elements providing for a small attenuation of the
fundamental mode and for substantial attenuation of higher-order modes of axial sound propagation. In
addition, the modal filter is employed to decouple the sound source from the test object/substitution duct. For
this purpose, it shall provide a minimum longitudinal attenuation of the fundamental mode of 3 dB at the low-
frequency end and of 5 dB above the cut-on frequency of higher-order modes in the connected ducts.

NOTE 1 For example, a short silencer similar to the test object may be used as a modal filter.

NOTE 2  In a duct of circular cross section, the cut-on frequency for the first higher-order mode is

0,59¢
d

Jed =

where
c¢| is the speed of sound;

d| is the duct diameter.
In a reptangular duct with larger dimension H,

0,5¢
H

®)

Aew =
Tests([for determining the longitudinal attenuation are specified in Annex F.
5.2.2.4 Transition element

5.2.241 General
The tfansition element shall be rigid to\avoid breakout noise transmitted through the duct walls. It may be
positigned either between the loudspeaker and the modal filter or between the modal filter and {he test object
(see Higure 3).
To suppress higher-order modes generated in the transition, it should be positioned between th¢ loudspeaker

and the modal filter [see FRigure 3a)]. However, consideration shall be given to the fact that the performance of
a modal filter can be limited'in any position due to the recombination of partial waves at its end.

5.2.2.4.2 Straight test objects
In addition tothe requirements in 5.2.2.4.1, for straight silencers, the transition shall be straight and coaxial.

5.2.2.4.3° Bent test objects

It is generally preferable to use straight transitions as specified in 5.2.2.4.2. In the case of bent test objects,
this implies that the sound source equipment in front of the test object shall be rotated by the angle between
the inlet and outlet axes of the test object [see Figure 4 a)].

If this is not done, two transitions bent by an angle of up to 45° each (elbows) are permitted. The turning
radius r, shall not be smaller than the cross-sectional dimension of the duct [see Figure 4 b)].
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> 3
1
a)
</
90°
90°
2
90°
1 ' 3
<45°
b)

Key
1 sound-soufce equipment
2 test object
3 receiving-side equipment

Figure 4 — Test set-ups for bent test objects (schematic)

5.2.2.5 Overall performance requirements below the cut-on frequency of higher-order modes

The reflection coefficient, rg, of the sound source gquipment shall not exceed a value rg = 0,3 as seef from
the position of the test object (see Figure 3) whén'the loudspeaker is switched off. Qualification is verified by
measuring thé standing-wave ratio for pure tones in a test duct replacing the test object, which is excfted at
the opposite gide at frequencies below the-gut-on frequency of higher-order modes in the test duct [s¢e B.2
and Equation$ (4) and (5)].

The sound-spurce equipment is~qualified for one-third-octave bands in which the requirements for the
longitudinal aftenuation of the modal filter are met and the maxima of the standing waves exceed the minima
by less than % dB in level at the-band centre frequencies within the frequency range of interest below the cut-
on frequency pf higher-order.modes.

5.2.3 Substitution.duct

The walls of the_substitution duct shall be non-absorbent and designed to avoid breakout of airborne sound

isdionof-st + b dad-( A C)
and transmissienef-structure-berne-seund {See-ARREX)-

The geometry of the substitution duct shall be recorded and reported.

In the case of a complete silencer ready for installation, use the empty housing of the test object as the
substitution duct, if possible and if it fulfils the requirements. If it is not possible to use the empty housing of
the test object, the substitution duct shall be matched in size and shape to its inlet and outlet. Differences in
linear dimensions of less than 5 % are permissible.

The walls of the substitution duct for a straight test object shall be straight and smooth.

If the connection planes of the test object are not parallel (as in an elbow silencer), the substitution duct
section shall be
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a) the empty housing of the test object, if possible and if it fulfils the requirements,

b) a smoothly curved bend with as large as possible a curvature radius in the case of a smoothly curved test
object, or

c) an elbow duct section similar in geometry to that of the test object in the case of an elbow silencer.

5.2.4 Receiving-side equipment

5.24.1 Objectives, alternative configurations and instrumentation

The r¢ceiving-side equipment shall permit sound pressure measurements for determining the.in
the tgst object. For this purpose, pronounced interferences at the microphone positions
transmission of sound shall be avoided. Three alternative configurations may be applied (see Fig
reverberation room and a transmission element connecting the test object to jt{(see 5.2.4.2

a) a

b) altest duct with anechoic termination (see 5.2.4.3);

c) epsentially free-field conditions close to the open end of the test object/substitution duct (seq
In addg

carrie

ition, any environment complying with 1SO 9614-3 is allowed/when sound intensity meas
j out (see 5.2.4.5).

For bgnt test objects, the requirements of 5.2.2.4.3 apply.

D

5.2.4. Reverberation room and transmission element

Measlirement in a reverberation room complying with the requirements of ISO 3741 is the prefer|

tive silencers, the ductyshall be equipped with an absorptive silencer providing an inser|
dB in the frequeney range below the cut-on frequency of higher-order modes [see

Reflections that occur at the open end of the duct in a similar way both with and without the te
affect jnsertion 10ss' measurements in the reverberation room. Reflections at the test object are smal
silencgrs. Reflections at the open end of the substitution duct are small when the requirement for the refleg
rg < 0,B, is,mgt-(see 5.2.2.5). With reactive silencers, problems can arise from multiple reflections at both
with a ponstant cross section. These refelections are suppressed when some attenuation is effective in the

sertion loss of
and flanking
ure 5):

).

5.2.4.4).

urements are

red method of
ed at 125 Hz.
bnal Standard,
band centred

reverberation
or the testing
tion loss of at
Equations (4)

5t object do not
for absorptive
tion coefficient,
ends of a duct
Huct.

5.24.3 Test duct with anechoic termination

Measurements inside a test duct on the receiving side are preferred when a reverberation room is not

available.
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Key

1 reverberati
2 testductw
3 essentially
4 floor

rg is the reflect

The test duct
element (see
straight and
corresponding
less than fou

termination are described in Ahneéx G.

The reflection
shall not exce
the substitutiq
[see B.2 and

rr |
!
1
2
> 3

| A
bn room
th absorbent wedge
free field

on coefficient referring to this plane.

Figure 5 — Examples of possible receiving-side arrangements (schematic)
may be attached to the test:object/substitution duct either directly or via a conical tra

pf either rectangular or.cirCular cross section. Its length shall at least be half the wave
to the centre frequeney of the lowest frequency band of the frequency range of interest, a
r times the maximum duct cross dimension. Examples of suitable designs for the an

coefficient,\rg, of the complete receiving-side system (including, if used, a transition elg

ed the value rg = 0,3. Qualify the system by measuring the standing-wave ratio for pure tg
n duct-and in the test duct at frequencies below the cut-on frequency of higher-order 1
Fguations (4) and (5)].

nsition

Figure 5). The test duct shall-have rigid walls and an anechoic termination. The test duct shall be

ength
nd not
bchoic

ment)
nes in
nodes

The system is qualified for one-third-octave bands in which the maxima of the standing waves exceed the

minima by les

s than 5 dB in level at the band centre frequencies.

The obstruction caused by the microphone and its fixtures shall not exceed 5 % of the test duct cross-
sectional area. A device shall be available to move the microphone, either stepwise or continuously, along a
straight line inclined with respect to the duct axis and extending over at least one-quarter of the wavelength
corresponding to the centre frequency of the lowest one-third-octave band in the frequency range of interest
(see Figure 8).

14
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5.2.4.4 Essentially free-field conditions

Such conditions at the microphone positions can be assumed when the direct sound from the open end of the
test object or of the substitution duct exceeds the strongest reflection from any nearby surface by at least
10 dB in level for each frequency band within the frequency range of interest. This requirement is met when
the distance from the open end to the reflecting surface is more than twice the distance from the open end to
the microphone.

Measurements under essentially free-field conditions require duct walls of the sound source equipment with a
sufficient sound insulation (or transmission loss). This requirement is met when the limiting insertion loss
obtained with the substitution duct, sealed as described in C.2.2, is at least 10 dB higher than the insertion
loss of the test object for each frequency band within the frequency range of interest

Possible ways to increase the limiting insertion loss are to mount elastic gaskets before.and|after the test
object, to line the external duct walls with materials having high internal losses (such as Sandwi¢h structures),
or to yse heavier duct walls.
Measlirements under essentially free-field conditions are not permitted when" breakout noise penetrating
through the walls of the test object or environmental noise has a noticeable effect on the sound pressure level
at thg microphone positions. This condition is checked by measuring the-sound pressure level with and

withoyt the duct behind the test object sealed as described in C.2.2. If the-difference in level is less than 10 dB
in anylfrequency band within the frequency range of interest, free-fielddmeasurements are not permissible.

5.2.4.5 Sound intensity measurements
Sound intensity measurements may be useful to distinguishchetween sound radiated from the ogen end of the
test object (or of the connected duct) and the breakout sound, or for the suppression of sound tfansmitted via
flanking paths. The effective level of background noise may be reduced by up to 15 dB.

The se¢lection of measurement positions shall comply with ISO 9614-3.

5.2.4.6 Instrumentation

The instrumentation for sound measuréments shall consist at least of the following elements:
a) a|microphone;

b) alone-third-octave-band-filter complying with IEC 61260;

c) al|sound level metéror sound intensity meter.

The ipstrumentation system, including cables, shall meet the requirements for a Type 1 instrument as

specified in IEE60651:2001 or, in the case of integrating-averaging sound level meters, the reguirements of
IEC 60804:2000.

E inkanht forsound-intansitvymeactiramante chall camnh/with 1ISO 08143
quipkrentfor sound-intensity-measurements-shall comply-with 1SO-9614-3.

5.3 Equipment for acoustic testing of air-terminal units

5.3.1 Sound-source equipment

The sound-source equipment for testing shall be as specified in 5.2.2, except that no modal filter is required. It
shall be mounted outside a reverberation room and connected to the high-pressure side of the test object. If
the test object is mounted inside the reverberation room, that part of the duct connecting the high-pressure
side of the test object to the sound source (outside) shall be acoustically lagged. Spigots and dampers shall
be open during testing.
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5.3.2 Receiving-side equipment

The receiving-side equipment comprises a reverberation room complying with the requirements of 1ISO 3741

and, if the tes

t object is mounted outside the reverberation room, a transmission element connecting the test

object to the reverberation room. This element may be adjusted in shape to openings available in the wall of
the reverberation room as long as its cross-sectional area is kept unchanged. The protrusion of this element
into the reverberation room shall be recorded as described in ISO 5135.

For the instrumentation requirements, see 5.2.4.6.

If the test object can only be attached to the transmission element outside of the reverberation room, a

secondary tr

smission element (having the same cross-sectional dimensions and/or area as the outlet of the

test object) sH

5.4 Equipment for flow testing

5.41 Equipment sets

5411 To

NOTE Mej
and EN 12589.

The test set-U
— afantop
— adevice
— thetesto

— test duct
and

— a device

object (s¢e 5.4.2.4).

all be attached; this secondary transmission element protrudes into the reverberation room.

al pressure loss

psurements of the flow rate and pressure loss of air-terminal units ar€ specified in EN 12238, EN| 12239

p for measurements of the total pressure loss comprises (see Figure 6)
roduce an airflow without substantial swirl at different\flow rates (see 5.4.2.1),
for measuring the flow rate (see 5.4.2.2),

bject/substitution duct (see 5.2.3),

b with aerodynamic transition elements, if needed, on either side of the test object (see 5.4.2.3),

for measuring the differefnce’in mean static pressure upstream and downstream of the test

=~
o
ty

16

{4 l,

Pd
6 3 Apg;

a) Silencers without integrated transitions
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2
> /.
b) Silencers with integrated transitions
Key
1 upstream static pressure measurement ty is the baffle thickness
2 dgwnstream static pressure measurement (either 1/, is the distance between upstream pressurg tap and test
in the reverberation room or in the test duct using object, I, > 0,5 4,
foyr static pressure taps connected by a Iy is the distance between downstream pregsure tap and
pi¢zometric ring) test object, I, > 6 1,
3 manometer Iy is the distance between downstream pregsure tap and
4a supstitution duct test object in case of a test object with diffuser,
4b pgrallel-baffle silencer I3>8 (\/371*\/ST)
4c test object with integrated diffuser S is the test duct cross-sectional area
4d test object with integrated confusor St is the test object cross-sectional area
5 dinection of flow Apg, s the static pressure difference in the casd of a test duct
6 flow rate measurement with transitions
Aps, is the static pressure difference in the case of a test
object with transitions
P4 is the dynamic pressure
Figure 6 — Typical test arrangements for flow rate and pressure loss
5.4.1.2 -, Flow noise (or regenerated sound)

The test set-up for measurements of flow noise (or regenerated sound) comprises

— asilenced fan to produce quiet airflow at different flow rates (see 5.4.2.1),

— adevice for measuring the flow rate (see 5.4.2.2),

— the test object/substitution duct (see 5.2.3),

— aerodynamic transition elements, if needed, on either side of the test object (see 5.4.2.3), and

— a transmission element (see 5.4.2.6) and a reverberation room complying with the requirements of
ISO 3741.
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The flow noise (or regenerated sound) of the test object always occurs in combination with sound regenerated
in the connected ducts, particularly on the receiving side. For suppressing the latter, the highest flow velocity
in the test object shall be larger than the flow velocity in the duct to the reverberation room. This condition
determines the choice of the duct cross-sectional area and shape.

Note that swirl and turbulence tend to increase flow noise.

54.1.3

Further parameters

The ambient pressure shall be measured to a precision of 1 000 Pa (10 hPa) using a calibrated manometer.

The ambient femperature—shatr-bemeasured-toaprecistonof =+ usingacatibrated-thermometer—

5.4.2 Components

5421 Fa

The fan shod
isolated from

For measurer
to reduce the
by the test ob

A flow straigh
flow rate and

The airflow sH

h and connected components

Id preferably be adjustable in speed to allow variations of the flow rate.) It shall be vib
the duct.

hents of flow noise (or regenerated sound), the attached duct shall*be equipped with a si
fan noise in the reverberation room to at least 10 dB below the level of the sound regen
ect in each frequency band within the frequency range of interest.

tener may be needed to prevent any substantial swirl upstream of the device for measuri
Of the test object.

all not hit any object within 1 m from the openingileading into the reverberation room.

5.4.2.2

which may be
NOTE Frg
will be obtaine
The device fo

The measure
nozzles) inse

The mass floy

All flow meter

De[
ISO 5221 gives

ice for measuring the flow rate

several methods for measuring the@irflow rate in an airtight duct section, the cross sec
circular or (excluding Pitot-static tibges) rectangular.

m measurements made with this_device complying with ISO 5221, the assessment of the mass flg

I measuring the flowCrate should not interfere with the sound measurement.

ment of fluid flow by means of pressure differential devices (e.g. orifice plates, Venturi
ted in circular<cross-section conduits running full is described in ISO 5167-1.

v rate, g,.,shall be measured using instruments in accordance with ISO 5221 or ISO 5167

5 shall have the minimum accuracy specified in Table 3.

ration-

encer
brated

ng the

tion of

w rate

i so that if the air density upstream of the test object is known, either the air volume or the mean flow
velocity through the inlet of the test object can be calculated.

tubes,

—_

Table 3 — Relative error of airflow meters

Volume flow rate, g, Relative error
md/s %
0,07<q,<7 +2,5
0,007 < ¢, < 0,07 +5,0

Flow meters may be calibrated by means of the Pitot static tube traverse described in ISO 3966.

Flow meters shall be calibrated at appropriate intervals but these shall not exceed 12 months.

18
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5.4.2.3 Test ducts and aerodynamic transition elements

The test ducts on either side of the test object shall be straight and of constant and equal cross sections.

It is preferable that the cross dimensions of test ducts and the test object be the same. If transition elements
are needed to connect mismatching cross sections of the test object and the test ducts on either side, they
shall be aerodynamically designed as follows:

— for conical elements: with an enclosed angle of approximately 10°;

— for arbitrary transitions: with a minimum length /.;, depending on the cross-sectional areas S| and S, at
the ends of the transitions as specified in Figure 7.

This drea ratio is limited between 1 to 4 and 4 to 1 for both ends of the transition elements.

S
\

[min

/min’ m

A / / 0,13

N\
\\
N

S,/S;

Figure 7 — Minimum length of transitions as a function of area ratio S,/S,

54.2.4 Pressure loss

The arrangement and device for measuring the mean static pressure on either side of the test object and the
total pressure loss across the test object shall comply with Figure 6.

54.2.5 Pressure measurement
Pressure in the duct shall be measured with a calibrated manometer.

The maximum scale interval shall not be greater than the characteristics listed for the accompanying range of
manometer shown in Table 4.
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Table 4 — Maximum scale intervals for the range of manometers

Pressure range Maximum scale interval
14 Ap
Pa Pa
p <25 1,0
25 <p <250 25
250 <p < 500 5,0
p>500 25

For airflow mg¢asurement, the minimum pressure differential shall be

a) 25Pawi

b) 500 Paw

Calibration standards shall be

a) forinstru
b) forinstru
c) forinstru
5.4.2.6

The transmis
pronounced r

It is then suffi
or the calcula
not weak, the
reflection coe
test duct repl
below the cut
NOTE Ab
If reflections
transmission

Transmission element

h an inclined-tube manometer or micromanometer, or

ith a vertical-tube manometer.

ments with a range of up to 25 Pa, a micromanometer accurate fo’+ 0,5 Pa,
ments with a range of up to 100 Pa, a micromanometer accurate to = 1,0 Pa, or

ments with a range of over 100 Pa, a micromanometerzaccurate to + 1 % of reading.

5ion element connecting the test object and the reverberation room shall be designed to
psonances behind the test object, and itishall not have any significant absorption in the dud

cient to determine the end reflection coefficient » by the measurement method described
ion method described in B.3, if.applicable. If reflections at the receiver side of the test objg
end-reflection coefficient, y~should not exceed the maximum values specified in Table !
fficient of the test object, 7y;1s determined from measurements of the standing-wave rat
hcing the transmission-element, when the test duct is excited at the open end at frequ
on frequency of higher-order modes [see Equations (4) and (5)].

borptive silencers_generally provide weak reflections.

bt the regeiver side of the test object are weak, as they are for a reflection coefficient
element, < 0,3, they may be neglected.

inhibit
t.

in B.2
ct are
b. The
o in a
Bncies

of the
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Table 5 — Maximum values of the reflection coefficient for a transmission element

Centre frequency of the frequency band | Maximum value of reflection coefficient
Hz r
50 0,7
63 0,6
80 0,5
100 0.4
125 0,3
> 160 0,2
NOTE These values will be obtained using a test duct with a cross-sectional area of at lgast-2 m?
(without a transmission element).

5.5 |[Equipment for dynamic testing

5.5.1 | Equipment sets

The tgst set-up for dynamic testing comprises (see Figure H.2)

|
o

fan to produce a variable airflow (see 5.4.2.1),
— a|device for measuring the flow rate (see 5.4.2.2),

special sound-source equipment (see 5.5.2),

|
®

—

He test object/substitution duct (see 5.2.3),

erodynamic transition elements oneither side of the test object (see 5.4.2.3), and

|
©

special receiving-side equipment (see 5.5.3).

|
)

5.5.2 | Sound-source equipment for dynamic testing
In addition to complying-with the requirements in 5.2.2.1, the sound-source equipment shall produce a sound
powel sufficient to ensure that, in the frequency range of interest and at every measurement pojnt, the sound
pressiire level is atle¢ast 10 dB above the level of the flow noise (or regenerated sound).

The signal-to-noisSe ratio can be improved by using a band-limited signal, either octave or one-third octave.

Examples, of an appropriate design for the loudspeaker unit, together with a qualification procedpre, are given
in AnnexA:

5.5.3 Receiving-side equipment for dynamic testing

If sound measurements are to be made in a test duct with anechoic termination, the flow noise (or
regenerated sound) of the anechoic termination shall not influence the acoustic measurement. Suitable
designs are described in Annex G and in 1ISO 5136. It may be necessary to suppress the air-flow-induced
microphone signal (i.e. generated by turbulent pressure fluctuations) by using appropriate wind screens (e. g.
nose cone, foam ball or sampling tube) in order to obtain a sufficient signal-to-noise ratio. The difference in
level between the sound pressure generated by the sound source and attenuated by the test object and the
flow noise (or regenerated sound) generated by turbulent flow over the microphone shall be at least 10 dB in
each frequency band within the frequency range of interest.
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NOTE
sampling tube.

If a sampling tube complying with 1SO 5136 is used, problems can arise as a result of the directivity of the

If sound measurements are to be made in the reverberation room, the transmission element shall be designed
to provide a level difference of at least 10 dB in each frequency band within the frequency range of interest
between the sound pressure generated by the sound source and attenuated by the test object and in the
transmission elements and the sound pressure regenerated by the flow.

The difference in level between the signal and flow noise (or regenerated sound) may be checked by
measurements when the sound source is switched on and off.

6 Test pr

6.1 Gener

Determine thg reflection coefficients of the components of the test facility from measurements with pure

of 50 Hz, 63 |
first cross-mo|

Carry out msg
bands of rang
noise (or regd

Determine thd
replaced by
acoustically b

The insertion

ocedures

Al

iz, etc. at the centre frequencies of the one-third-octave bands up to the/cut-on frequency
de in the duct [see B.2 and Equations (4) and (5)].

asurements for determining the insertion/transmission loss of test’objects in one-third-
om noise excited by the sound source equipment in the frequency range of interest. Th
nerated sound) is measured in one-third-octave bands centredat 50 Hz to 10 kHz.

limiting insertion loss of the test facility from measurements without flow and with the test
a substitution duct. Carry out the measurementsZwith and without the substitutior]
ocked as described in C.2.2.

loss and, if necessary, the flow noise (or regenérated sound) and total pressure loss of th

object shall b

Before and

IEC 60942:1997 with a tolerance of + 0,3 dB shallbe applied to the microphone for verifying the calibra
the entire megsuring system at one or more frequencies over the frequency range of interest.

6.2

6.2.1

The insertion| loss, D;, shall"be determined from spatially energy-averaged sound pressure levels
identical poinf{s or paths

Insertion loss

Sound-pressure measurement

in the reVlerberation room complying with ISO 3741, or

in the test_duct behind the test nh‘ipr‘fy Qr

determined for the range of flow velocitiesfor which measurements are required.

fter each series of acoustic measurements, a Type 1 sound calibrator complying

tones
of the

bctave
e flow

object
duct

e test

with
tion of

=

at

NOTE

on an enveloping surface near the open end of the test object/substitution duct according to ISO 3746.

Since differences in sound power levels are evaluated from measurements taken at the same positions and

since the open ends of the test object and the substitution duct are similar in shape and position, the precision of the

measurements

In one test se

is substantially higher than expected for measurements according to ISO 3746.

ries, L_pI shall be determined with the test object installed.

In a further series, L ;i shall be determined with the test object replaced by the substitution duct.

22
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The sound signal emitted by the sound source shall be the same with respect to the sound power spectrum
for the two test series. The test installation and the test environment shall be unchanged.

If the local sound pressure levels are measured in the reverberation room, the measurements and the
averaging shall be made in accordance with ISO 3741.

If the local sound pressure levels are measured in the test duct behind the test object, the spatial average
shall be determined from the sound pressure levels measured at least at three key positions equally spaced
as shown in Figure 8. The longitudinal span of this line shall be at least as long as one-quarter of a
wavelength A at the centre frequency of the respective one-third-octave band. It should be positioned at about
half the length of the test duct. The preferred orientation of the microphone is along the duct axis. If the
difference, in decibels, between the highest and the lowest levels of the three measurements exceeds the
valueg given in Table 6, then five positions shall be used. Spatial averaging is also permitted by continuous
measyirement along the diagonal line across the test duct.

Key
1 cifeular test duct

2 regtangular test duct

X Kay position of microphone

O Additional position of microphone

Figure 8 — Microphone positions

Table 6 — Maximum level differences for three microphone positions in the test duct

Frequency Maximum level difference
Hz dB
50 10
63 10
80 8
100 8
125 7
> 160 6

6.2.2 Sound-intensity measurements

Without flow, the insertion loss, D;, shall be determined from sound-intensity measurements on identical paths
on an enveloping surface near the open end of the test object/substitution duct, according to ISO 9614-3, with
the test object installed and, in a further series, with the test object replaced by the substitution duct. The
insertion loss, D, is then calculated from the mean intensities.
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6.3 Transmission loss

The transmission loss, D;, of the test object (air-terminal unit) shall be determined from spatially energy-
averaged sound pressure levels, L_p1 and L_pz, in the reverberation room in accordance with 1SO 3741
(see 5.3) and from theoretical values of the transmission loss of the open end of the test object, Dy, using
Equation (6) (see reference [22]). First, the sound radiated through the substitution duct shall be measured
without the test object installed (L_p1 ). Measurements of the reverberation time, 74, are carried out, if needed.
Next, the test object shall be attached to the transmission element leading into the reverberation room and the
sound attenuated by the test object shall be measured (E ). If the test object is mounted inside the

reverberation room, the reverberation time 7, shall be determined. Otherwise, it may be assumed that 7, = 7.

D =D; D4 (6)

where

DiZL —Lp2+10|gT— dB

1

1

D,y is as|defined in B.3.
The setting off the flow rate controller shall be recorded.

6.4 Sound power level of the flow noise (or regenerated sound)

The sound pgwer level of the flow noise (or regenerated sound). shall be determined for the flow directign and
face velocity ¢orresponding to the intended application of thedest object.

It is recommé¢nded that the sound power level be determined in a reverberation room in accordancg with
ISO 3741, copnected to the test duct behind the testiobject. If no reverberation room is available, the ip-duct
method given|in ISO 5136 should be used.

Two measurgment series shall be carried out. In the first series, the level of the background noise shall be
determined wjth the substitution duct in place of the test object. In the second series, the sound pressur¢ level
of the flow nojse of the test object shall'be’measured. For both series, all other test conditions (flow condition,
microphone ppsition, duct system dimensions, etc.) shall be held constant.

The sound power level of the flow noise (or regenerated sound) of the test object, Ly, is calculated in one-
third-octave bands from

LWZZJFDthrC (7)

where

L, isthe spatial energy-average one-third-octave-band sound pressure level, determined according to
ISO 3741, but without correction for background noise;

Dy is the transmission loss at the open end of the duct attached to the reverberation room;

C is the difference in level between the sound power radiated into the reverberation room and the
average sound pressure in the reverberation room, which is determined either from the direct or the
indirect method specified in ISO 3741.
For ducts with constant cross section, transmission loss data, Dy, are to be obtained as in Equation (B.3).

Sound power levels of the flow noise determined for the test object and for the substitution duct shall be
reported without corrections for background noise.
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Volume flow rate and pressure loss coefficient

Inlet volume flow rate

The volume flow rate, ¢, at the inlet of the test object shall be calculated from the following equation:

6.5.2

6.5.2.

To de

rate i

If ther

(8)

ql, is the mass flow rate, in kilograms per second;

o is the air density upstream of the test object, in kilograms per cubic metre.

Average total pressure loss coefficient

| Simplified method

rl the range shall be such that it produces a pressure differenge‘greater than 10 Pa.

test object, so that the air density ratio P1 s less than 0,98%r greater than 1,02, the following ¢

be applied:

wher

and

P2

€

Ps1tPa

™ = Ro,+273°C

x| =

A_og7N'm
kg-K

The total pressure (pyy) in the plane of measurement is equal to the sum of the measured s
meastired (pg) and the dynamic pressure (py), according to the following formula:

fermine the pressure loss coefficient, five different airflow rates(¢) shall be measured. The lowest flow

e are significant differences in the air temperature and‘static pressure between the flow meter and the

prrection shall

©)

(10)

fatic pressure

2

Pl 4y

= + L0 ==
Pt=">s Z(SJ

The total pressure loss is

Apy =py-pr= (Ps1 +Pd1)—(Ps2 +Pd2)
=Apgs +Apy

2

S4

— Ape+ pyq 1| 21
\Ps T+ Pd1 (S2]
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where
2
Pl 4y
S I 13
Pd1=75 [ s, ] (13)
S4 is the cross-sectional area of the inlet test duct;
S, is the cross-sectional area of the outlet test duct.
The total pressure loss coefficient is
Ap
¢ ==t
Pd
A S 2 14
= _p>_ +1-— (_1J
Pd S2
NOTE Asfarule, S; = S,.
The average {otal pressure loss coefficient shall be calculated as the linear avefage of all measurements.
6.5.2.2 Fupdamental method
6.5.2.2.1 Method and requirements
Determine thg average total pressure loss coefficient of the test object using a substitution method. Cafry out
two test serie$
— one with the test object installed, and
— another With the test object replaced by the 'substitution duct.
Each test ser|es shall be carried out at @ minimum of five airflow rates distributed evenly throughout the test
range of airflgw rates.
The upstreany test duct shall be straight for a minimum length of 54, or 2 m, whichever is the greater, where
dg is the equiyalent diametes; d;, = /4—5 where S is the cross-sectional area of the duct.
T
The flow in the upstream test duct shall have no substantial swirl (see 5.4.2.1).
The velocity profile near the upstream connection to the test object shall be uniform to + 10 % of the|mean
value over the tTestduUCt Tross Section, exciuding the area within 5 mm of the duct walts. A vetocity survey at

ten equally spaced positions along a pair of mutually perpendicular axes about 1,5 d,, from the test object shall
be carried out to confirm that the velocity profile is within these limits.

The upstream duct static pressure, pg,, shall be measured by means of four static pressure tapings 1,5 dg
from the upstream connection to the test object. These pressure taps shall, for a rectangular duct, be at the
centre of each side and, for a circular duct, equally spaced around the circumference. The pressure taps shall
be connected to form a piezometric ring. The upstream static pressure, pg4, shall be measured relative to a
pressure downstream of the test object or substitution duct, respectively, either in the downstream test duct or
in the connected reverberation room.

For determination of the fluid density, the upstream duct static pressure, pg; ), shall also be measured relative
to the ambient pressure, p,, when the test object is installed.
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The air temperature shall be measured at the flow meter and at a position 2 d, upstream of the test object,
and during the test the temperature variation shall not be greater than 3 K.

The following data shall be recorded:

a) the inlet duct static pressure with the test object installed, Psi(iy in pascals, as measured relative to the
downstream pressure;

b) the upstream duct static pressure, Psi(a) in pascals, as measured relative to the ambient pressure;

c) the inlet duct static pressure with the substitution duct installed, psq(yy), in pascals, as measured against

th

e downstream pressure;

d) th
e) th

For e
specif

6.5.2.

The fd

Y
=
o

O
=
o

The b
values

e ambient pressure, p,, in pascals;
e air temperature at the inlet to the test object, ¢, in degrees Celsius.

ach test, the volume airflow rate, g, according to ISO 5221 or I1SO 5167+1 shall be g
edin6.5.1.

.2

llowing graphs shall be plotted on scales:

d ps1(ry @againstIg gy
d ps1(my against Ig g,

dPs1(a) against Ig q;.

est-fit straight lines with a slope of 2 shall then be drawn through that set of data points
of Ig pg4 lie within £ 5 % of the straight line. See Figure 9.
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Graphical evaluation procedure for determining the average total pressure los$ coefficient

for which the

27


https://standardsiso.com/api/?name=0a21d3026fed343df0d0068305544e0c

ISO 7235:2003(E)

)

S

(7)) +
/Y

P s 4 7

= /

o //; //

2 /7 Psti //

» o I/ / 4

o 7

o °f NS/

© pP. e [ T 7 A
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Volume,flow rate (log scale)

Figure 9 — Flow rate/pressure requirement
(Plot of static pressures and.corresponding flow rates in plane 1)

Select a valug ¢, of the flow rate in the middle of the range investigated. Calculate the total gauge pressure
requirement, Apy; ,, of the test object from the following equation:

Apiotn =|Apsn = Psi()n = Pst1ua (15)

Calculate the|inlet (or face) velacity pressure, py,, from the following equation:

1 91n
=—p e 16

where
P1n i given by Equation (10);
Sy is the cross-sectional area of the upstream duct, in square metres.

The total pressure loss coefficient, £, averaged over the range of flow velocities, shall be calculated from the
following equation:

A
= \P tot,n (17)
Pdn
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All total pressure losses quoted from the test results shall be calculated from the average total pressure loss
coefficient.

6.5.2.2.3 Computational evaluation procedure for determining the average total pressure loss
coefficient

The following formula may be used:

N . M
‘ 1 Z Ps11)i 1 Psi(m)k (18)

i—1 Pdi M k=1 Pdk

where

=

. M are the numbers of measurements with the test object and with the substitution gduct installed,
respectively;

1 qvi ’
Rdi =5 Pii [S_1] (19)
1 qvk °
Rde =75 Pk (S_J (20)
in whigh
SO ) 1)

~ R(64;+273°C)

Psi(a)k T Pa
1k =—( ) S (22)
R(0y +273 °C)

-~

7

npformation to be recorded

7.1 |Description of the test object
The fgllowing informyation, when applicable, shall be compiled and recorded:
a) type of testobject and its application;

b) d|mensions;

c) direction of the flow.

7.2 Instrumentation

All the measuring equipment used, including type and serial numbers and the date of verification of the
compliance with relevant standards, shall be recorded.
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7.3 Sound-source equipment

The following
a) type and

b) coupling

information, when applicable, shall be compiled and recorded:
size of the loudspeaker unit;

of the loudspeaker unit to the duct in front of the test object;

¢) longitudinal attenuation of the modal filter;

d) reflection

coefficient of the sound source equipment.

7.4 Test, Jubstitution and transmission ducts

The following

information, when applicable, shall be compiled and recorded:

a) wall thickiness, length, cross-sectional dimensions, material and structure of the ducts;

b) limiting insertion loss when the substitution duct is blocked as described in C.2.2;

c) position ¢f the duct outlet in the reverberation room.

7.5 Transi

The following

tions

information, when applicable, shall be compiled and recorded:

a) wall thickiness, length, material;

b) maximum enclosed angle;

c) openare

7.6 Anech

The reflection

h of both ends.

loic termination

coefficient of this, including.the transition and test duct, shall be recorded.

7.7 Reverberation room

The volume of the reverberation room shall be recorded.

7.8 Acoustical test results

The test resu

ts_given in 7.8 a) to e) shall be presented in tabular form, rounded to the nearest integer, 2
as in graphical form as functions of frequency with 5 mm on the abscissa representing one-third-octavg

s well
band

width and 20 mm on the ordinate representing 10 dB. A scaling of both axes by the same factor is permissible.

a) Record the insertion loss, in one-third-octave bands, with centre frequencies from 50 Hz to 10 000 Hz (or
100 Hz to 5000 Hz, see 3.17) for all volume rates used. Extrapolation of the measurement results to
temperatures beyond the range of 250 K to 330 K, and/or to pressures beyond the range of 0,8 x 105 Pa

to 1,2 x 105 Pa is not allowed?). If transitions are used, the following statement shall be given:

“This insertion loss is valid for the test object together with the transitions since the effects of the
transitions cannot always be neglected.”

1) Information on extrapolation is given in ISO 14163.
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b) Record the limiting insertion loss of the test facility as a function of frequency.

¢) Record the sound power level of the flow noise without the test object for all inlet volume flow rates for
which measurements were provided.

d) Record the sound power level of the flow noise of the test object in all frequency bands and for all inlet
volume flow rates for which measurements were provided.

e) Record the transmission loss, in one-third-octave bands, for air-terminal unit or air-terminal device, if
applicable.

In addition, the average total pressure loss coefficient, £; shall be recorded (see 5.4.1.1 and 6.5.2).

7.9 |Measurement uncertainty

Exact|information on the quality of the systems and procedures needed and on the: pfecisipn achievable
canngt be given at this time. Important parameters are the ratio of geometrical dimensions and wavelengths of
sound, the transmission loss of duct walls, the absorptive properties of the test object, and the| flow velocity.
The gstimates of the reproducibility standard deviation, oy of the insertioniloss given in [Table 7 were
determined from tests made on 1 m long parallel-baffle silencers. The standard,deviations of reproducibility for
transmission loss and sound-intensity measurements are estimates based‘on*experience.

Table 7 — Estimated standard deviation of reproducibility for different frequency hands

Centre frequencies of the | Standard deviation of | Standard deviation of | Standard deviation of
one-third-octave band reproducibility, oy, of [ reproducibility, o, of reproducibqity

the insertion loss the transmission loss | of the intensity level
measured as|per
1ISO 9614-3

Hz dB dB dB

50 to 100 1,5 3 3

125 to 500 1 3 1,5
630 to 1 250 2 3 1
1 600 to 10 000 3 3 12

@  Upper frequency limit.5 000 Hz.

For tepts on circular-cress-section silencers, see reference [18].

Unless more spegcific knowledge is available, the expanded measurement uncertainty fof a coverage
probapility of 95 % shall be recorded to be two times the standard deviation of reproducibility as given in
Table|7.

8 Information to be reported

The test report shall include the following information:
a) date and time when the measurements were carried out;
b) information recorded in 7.1 to 7.8.

The test report shall contain the statement that the results have been obtained in compliance with the
requirements of this International Standard.

It is recommended to include a statement on the measurement uncertainty in accordance with 7.9.
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Annex A
(normative)

Design of the sound field excitation equipment and qualification tests

A.1 General

There are sq
predominantly

A.2 Modal

A straight du
multiplied by
available for
baffles in the
thickness of t

A.3 Soung

The sound fig
in accordancs
an acoustical

Figure A.2 sh

veral designs for equipment that will excite a sound field in front of the test objed
acoustical plane waves.

filter for measurement without flow

ct lined with absorbent material is usually sufficient if the absorption coeefficient of the
the length of the duct exceeds the cross-sectional diameter. If thereé is not enough
the length of the duct, the effective cross-sectional diameter may ‘be reduced by abs
duct (see Figure A.1). The low-frequency absorption coefficientf the lining increases w
ne lining.

field excitation equipment for measurement with flow
Id in front of the test object may be excited using various designs. However, a qualificatid
with A.4 is prescribed to ensure that the sound field in front of the test object is domina

plane-wave mode.

pws possible designs in which the sound field is excited by a loudspeaker unit within a g

chamber conmected to the test duct in front of the test object.

The ratio of the cross-sectional areas of the:source chamber and the test duct should be not less than

provide unifor

The loudsped

m flow conditions at the entrance of the test object.

kers should be so positioned in the chamber that they face toward the inlet of the tes

Static pressufe equalization on‘the front and rear sides of the loudspeaker membranes should be provi

more than on

The sound fie
subject to the

b loudspeaker is Used, the loudspeakers shall be driven in-phase.

Id excitation{used for measurements with flow may also be used for measurements withou
qualifieation test.

t with

lining
space
brbent
th the

n test
ed by

ource

51 to

duct.
Hed. If

t flow,

A.4 Qualifi

[cationm test

To verify the qualification of the modal filter (see 5.2.2.3 and A.2), a measurement of the longitudinal
attenuation as specified in Annex F is required. For further verifications of sound source equipment for
acoustic testing, see 5.2.2.5.

For sound fiel

d excitation for measurements with flow, the following qualification test is specified.

The qualification test is based on the comparison of measured insertion losses.
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The following steps shall be performed for each frequency band of interest:

a) determination of the insertion loss of the test object in accordance with 6.2 (i.e. without flow) using the
sound field excitation illustrated in Figure A.1 (loudspeaker baffle);

b) determination of the insertion loss of the test object in accordance with 6.2 (i.e. without flow) using the
chosen sound field excitation equipment specified in A.3.

The test arrangements used for step a) and step b) shall differ only in the manner of the sound field excitation.

If the insertion loss determined in accordance with step a) is D; < 20 dB, the insertion losses measured in
accordance with step a) and b) shall not deviate by mare than 2 dB

If the [insertion loss determined in accordance with step a) is D;> 20 dB, the insertion lesses| measured in
accorglance with steps a) and b) shall not deviate by more than 3 dB.

The spund source excitation equipment designed in accordance with A.3 is qualified for the releviant frequency
band if the above requirements are met.

uvi— ¢

Key

1 enclosure

2 loydspeaker

3 tegtduct

4 bgffle

5 sound-absorbent material

Figure A.1 —Schematic presentation of a loudspeaker baffle — Actual test arrangement

BED

1

Key
1 airflow, actual test
2 airflow

Figure A.2 — Schematic presentation of the sound field excitation from a source chamber
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Annex B
(normative)

Transmission element

B.1 Design of a transmission element

B.1.1 For
permissible,

values given in Table 5.

B.1.2 For the measurement of flow noise (or regenerated sound), it is essential that) the transn
element trangmit a large part of the sound power into the connected reverberation room.” It shall thg

have nearly
computable a

B.1.3 The
measurement

B.1.4 The \
losses throug

easurements without flow, any horn shape or absorption in the transmission elem
hich limits the reflection coefficient in a way that it does not exceed the maximum perm

ero dissipative losses and the reflection coefficient at the open end shall be small or sh
ccording to B.3 (see 5.4.2.6).

ransmission element shall not produce flow noise (or regenerated sound) which influenc
s in the reverberation room (see 5.5.3).

vall of the transmission element shall have a high transmission loss to prevent sound ¢
n this wall.

ent is
ssible

ission
refore
all be

Bs the

nergy

B.1.5 A trangsmission element suitable for the measurement of flow noise (or regenerated sound) is a horn in
which the endlosed angle of the walls does not exceed 15° and the walls are acoustically hard and rigid (see
Figure B.1).
Figure B.1'==Schematic of a suitable transmission element
B.2 Measyrement of the reflection coefficient of a transmission element
B.2.1 The reflection¢oefficient, r, of the transmission element is given by the following formula:
ALy 207
. 10 1 (B.1)
1044720 414

The difference, AL, between the maximum and minimum sound pressure levels of the standing wave is
measured in a straight duct with rigid walls.

B.2.2

It is recommended that the reflection coefficient be measured using pure tones at the centre

frequencies of one-third-octave bands from 50 Hz up to the cut-on frequency, f, of higher-order modes in the

duct.
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B.2.3 Alternatively, a two-microphone technique may be used to determine the complex transfer function
H,, between the signals of two microphones spaced along the axis of a measurement duct at a distance
s <cl(4f), where ¢ =340 m/s and f is the measuring frequency. The magnitude of the pressure reflection
coefficient is then calculated from

where

Hio ej2n’fs/c_1
T T 2nfsl
ej nfsle _ H12

j is the imaginary unit (see also ISO 5136).

(B.2)

B.3 Calculation of the transmission loss and reflection coefficient at the ‘o

of a

For th
rigid d

1

wherg

e

f

c

There

7= i(—4nf\/§J2 +d

Huct

e purposes of this International Standard, the transmission loss, Dy, at the open‘end of
uct is calculated from

0

T4— =

2
@ =101g [WﬁJ a8
C

is the cross-sectional area of the duct;

is the solid angle of radiation at the duct end4see Table B.1);
is the frequency;

is the speed of sound in air.

fore, the reflection coefficient,.r;\is calculated from Equation (B.4):

-1/2

Q0 c

© IS0

ben end

A straight and

(B.3)

(B.4)
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Table B.1 — Values of Q2 for configurations shown in Figure B.2

Configuration 0
A 2n
B T
C 4n
D 27
E 4n

Figure B.2 — Positioning of air-terminal-units in the test room (see Table B.1)

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=0a21d3026fed343df0d0068305544e0c

ISO 7235:2003(E)

Annex C
(normative)

Duct walls and limiting insertion loss

C.1 Flanking transmission

Cc11

General

The limiting insertion loss of a test facility is fixed by the flanking sound transmission arising from the following

phend
a) s
b) a
c) a
C.1.2

In ger
may b

|
O

CA1.3

The &
and/o

mena (see Figure C.1):
ructure-borne sound bypass (see C.1.2);
rborne sound bypass (I) through the duct walls and the test room (see'C.1.3);

rborne sound bypass (Il) through the duct openings (see C.1.4).

Structure-borne sound bypass

eral, the structure-borne sound bypass is the mostcsévere. Flanking transmission along
e reduced

y using duct wall materials with high internal {osses, such as sandwich structures, or

y subdividing the test ducts into sections-with elastic layers at the joints between the sectio

Airborne sound bypass (l)

double-layer wall constructions with a sound insertion loss of at least 30 dB. Acoustic le

avoided by effective sealing'of/even the smallest opening(s).

C.1.4 Airborne sotnhd bypass (ll)

The a

|
O

rborne sound bypass (ll) through the duct openings can be reduced

y placing the opposite duct openings in different rooms, and/or

he duct walls

rborne sound bypass (I) through the duct walls and the test room can be avoided by heavy duct walls

bks should be

— by termimatingtheducts withsitencers orwittrhighty absorptiveanmechoic termimations:
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Key

1 test object

2 environmefptal sound

3  structure-bprne sound bypass
4 airborne sqund bypass (1)

5 airborne sqund bypass (ll)

Figure G

C.2 Arrangements for determining the limiting insertion:loss

C.21 Two
(see Figure C

C.22 Thet
tightly sealed
absorption lay

NOTE
erroneous.

Wi

The measure
for the determ

C.2.3 The fest object shall bexmounted in place and the test ducts shall be closed using chipbo

plasterboard

Measure the
object alone.

If the additior]

plternative methods for determining the limiting insertion loss are given under C.2.2 and
2).

bst ducts shall be blocked by a highly insulating wall, for example, a double-layer concref
to the duct walls at the positions where“the test object is to be placed. A good aco
er should be placed on this insulating wall*facing the sound source.

hout this absorption layer, standing waves will be set up and the limiting insertion loss measured

ment procedure for the limiting insertion loss shall be the same as the corresponding prog
ination of an insertion loss-of a test object (see 6.1).

banels to give amairtight seal.

insertion loss™ of the arrangement using the same procedure according to 6.2 as for th

of the panel increases the measured insertion loss by at least 10 dB, then the insertio

measured for

.1 — Bypass transmission in test arrangements for test objectin-duct measurements

C.23

e wall
Listical

will be

edure

ard or

e test

n loss

the‘test ohject alone is not affected by flanking sound transmission

NOTE

In this case the limiting insertion loss of the test arrangement could be higher than the measured insertion loss

with the panels added. The limiting insertion loss is found by adding more and more panels until no further increase in the
measured insertion loss can be achieved.

If the increase in measured insertion loss due to the addition of the panels is less than 10 dB, add more
panels until no further increase in the measured insertion loss can be achieved, i.e. until the limiting insertion
loss of the test rig has been reached.
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