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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
ical standardization.
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Introduction

This document defines requirements for acoustic testing of air-terminal devices, air-terminal units,
dampers and valves used in air diffusion and air distribution systems in reverberation test rooms.
It is based on the use of ISO 3741, which describes the acoustic test facilities, instrumentation and
procedures to be used for precision grade determination of sound power levels in octave or one-third-
octave bands of a noise source.
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Acoustics — Determination of sound power levels of noise
from air-terminal devices, air-terminal units, dampers and
valves by measurement in a reverberation test room
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locument establishes general rules for the acoustic testing of air-terminal devices,
dampers and valves used in air diffusion and air distribution systems in order1
power levels as defined in ISO 3741.

ormative references

bllowing documents are referred to in the text in such a way thiatSome or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document(jneluding any amendmg

41:2010, Acoustics — Determination of sound power levels and sound energy levels of
sound pressure — Precision methods for reverberation test rooms

|67 (all parts), Measurement of fluid flow by means dof pressure differential devices insert
section conduits running full

P35, Acoustics — Laboratory measurement p¥ocedures for ducted silencers and air-terr]
ion loss, flow noise and total pressure loss

ASHRAE 70, Method of Testing the Performance of Air Outlets and Air Inlets
ASHRAE 130, Laboratory Methods of Testing Air Terminal Units
51, Ventilation for buildings<= Air terminal devices — Aerodynamic testing of damper ¢

238, Ventilation for buildings — Air terminal devices — Aerodynamic testing and rat
pplication

D239, Ventilation=for buildings — Air terminal devices — Aerodynamic testing al
cement flow‘applications

erms-and definitions

e purposes of this document, the following terms and definitions apply.

air-terminal
o determine

their content

applies. For
ents) applies.
noise sources

ed in circular

hinal units —

nd valves

ing for mixed

d rating for

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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3.1

sound pressure level

L

p
ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the square
of a reference value, p,, expressed in decibels

L,=10g

2
p—ZdB
Py

where the reference value p is 20 pPa

[SOURCE: IS@/FRZ254172007 22 medifted—Notesand 2 toentryhave beendeleted]
3.2

sound powejr level

Ly,

ten times th|
expressed in|

=101
Ly =101

where the re

Note 1 to entr
applied, this i

Note 2 to entr]

[SOURCE: IS
been update

3.3

frequency r
range that in|
(optional be
between 100

Note 1 to ent
Some equipm
4 Acoust

The acousti
qualification|

e logarithm to the base 10 of the ratio of the sound power, P, to a reference valu
decibels

P
r— dB
0

ference value, P, is 1 pW

y: If a specific frequency weighting as specified in IEC 61672-1 and/or specific frequency ban
indicated by appropriate subscripts; e.g. L, denotes the A-weighted sound power level.

y: This definition is technically in accordance with 1SO 80000-8:2020, 8-15.

tests,'are described in ISO 3741.

e, Py,

ds are

D/TR 25417:2007, 2.9, modified - In the Note 2 to entry, the reference to ISO 8000018 has
1 to its latest edition.]

hnge of interest

cludes the octave bands with.nominal mid-band frequencies between 125 Hz and 8 000 Hz
fween 63 Hz and 8 000 HZz)' or the one-third-octave bands with mid-band frequéncies
Hz and 10 000 Hz (optional between 50 Hz and 10 000 Hz)

y: The user is encouraged to qualify the room in the 63 Hz octave band and include this $ound.
bt can generate significant sound in the 63 Hz octave band.

ic test facilities and procedures

F testfacilities, instrumentation and procedures that shall be used, including [room

This document is applicable to equipment operating under steady state conditions and with a volume
not greater than 5 % of the volume of the reverberation test room.

If the equipment is greater than 2 % up to 5 % of the room volume, then the test room shall be qualified
according to ISO 3741 with all equipment present in the room. The test facilities shall be qualified for
broad-band sound per the corresponding annex in ISO 3741.

© IS0 2020 - All rights reserved
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5 Installation and operation of equipment to be tested
5.1 General

5.1.1 When the equipment is mounted closer than 1,0 m to one or more reflecting planes, the sound
power level can depend strongly on the position of the equipment relative to these planes. Therefore,
install the equipment to be tested in a position representative of normal usage. Figure 1 illustrates the
overall test environment, with the specific details of each type shown in Figures 2 to 7.

S oA

r-terminal device installed on or against a surface (see Figure 2)
r-terminal device installed at intersection of two surfaces (see Figure 3)
r-terminal device installed away from surface (see Figure 4)

r-terminal device installed outside room boundary (see Figures 5 and 6)

(€2 O N N

Hating daroi] £ farpainol st o Bngpradiot

o H ool 3 3 % 1. 3 A aaad L | PSR A
nmoeuhtHg-actatrrorat—terhar aiHtc o aeteriie CasTiTg TatratC U SOUTTa (SCC T g Ut ™77y

NOTE See 5.2, 5.3 and 5.4 for mounting details.

Figure 1 — Location of equipment in test room

Reflecting planes may, for practical reasons, be simulated by panels with an area-related mass greater
than 7 kg/m2. Such panels shall extend at least 1,0 m in all directions measured from any edge of the
equipment under test. The distance of 1,0 m is a deviation from the required 1,5 m specified in ISO 3741.
These panels shall be vibration isolated from the equipment under test. If such a panel is used, the
room with the reflecting panel shall be qualified for broad-band sound per the corresponding annex in
ISO 3741.

© IS0 2020 - All rights reserved 3
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5.1.2 Supply air to the equipment under test or exhaust air from it through a test installation in
accordance with either ANSI/ASHRAE 130 and ANSI/ASHRAE 70 or EN 12238, EN 12239 and EN 1751.
If EN 12238, EN 12239 and EN 1751 are followed, the airflow rate shall be measured using instruments
in accordance with the ISO 5167 series. Airflow measuring devices sometimes generate sound. If the
sound generated by the device adds to the sound produced by the unit, it is recommended that a two-
step process is used in which the airflow is measured first and then measure sound using the same static
pressure or pressure differentials.

5.1.3 Include air-flow control accessories (dampers, deflectors, straighteners, equalizers, etc.)
normally used in conjunction with the equipment under test in the test setup. Locate and set them in the
same manner as recommended for the application of the equipment.

5.2 Testinpstallation of air-terminal devices, air-terminal units, dampers and valves for
measurement of the sound radiated to the reverberation test room

5.2.1 Position air-terminal devices normally installed in a boundary surface no closer than 1,J m to
the intersectjon of any adjacent surface and away from any position of boundary, surface symmetfry, as
shown in Figure 2. The room surface on which the equipment is located can bethe floor as showp, any
wall, or the cfiling.

Dimensions in metres

Key
1 air-terminal device installed on or against a surface

Figure 2 — Mounting detail for air-terminal device installed on or against a surface
as described in ASHRAE 130, EN 12238 or EN 12239

5.2.2 Mount air-terminal devices normally used at the intersection of two surfaces at the intersection
of the two surfaces not closer than 1,0 m to a third surface as shown in Figure 3.

4 © IS0 2020 - All rights reserved
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Dimensions in metres

Key

N =
@ QO

5.2.3
no cld

in Fig

iet air supply
uipment under test

Figure 3 — Mounting-detail for equipment installed at intersection of two sur

Install air-termiinal devices not normally positioned at any boundary surface within
ser than 1,0 m.to any surface and away from any position of room symmetry. Exampl
ure 4. Diffusetsinstalled on ducts without adjacent ceiling are typical examples.

faces

the test room
es are shown
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Dimensions in

metres

Key
1

a 1 moras

Figure 4 -

5.2.4 The
integral with

5.3 Testii
for the med
connecting

To measure {
serve, instal
2mlongor 5

equipment under test

defined by the manufacturer.

- Mounting detail for air-terminal device installed inside reverberation test ro
but away froma room surface

nstallation details specified-in 5.2.1 to 5.2.3 apply equally to air-terminal devices
air-terminal units. In this'case, measure a combined total of radiated sounds.

1stallation of air-términal devices, air-terminal units, dampers and valve
isurement of the sound radiated to the reverberation test room by the
duct

quipment normally located above the ceiling or in another space adjacent to the roon
the equipment outside the test room and connect it to the test room by an unlined
effective diameters, D, whichever is greater of the same cross-sectional shape and a

the equipme

when

h they
| duct
reaas

ptConnection in the room (see Figure 5). Terminate the duct flush with a surface of tH

e test

room and no closer than 1,0 m to any adjacent surface and away from any position of room symmetry.
Examples are shown in Figure 5.
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Dimensions in metres

Key

=
D

Juipment under test
2 qhietair supply or quiet exhaust

Figure 5 — Mounting detail for air-terminal units, dampers, and valves installed oytside room
boundary and ducted te the reverberation test room as described in ASHRAE 130, EN 1751

The dliameter of a ciretar duct or the effective diameter of a rectangular duct, D, in metets, is given by

Formpla (1):

0,5
bl =(ﬁ] 0

i T

4 +1 — 1 £21 1 — 2
whercATsthecrosssectiomatareaofthe OUcCy, TIT 1.

5.4 Testinstallation of air-terminal devices, air-terminal units, dampers and valves for
the measurement of the sound radiated to the reverberation test room directly from the
equipment under test

To measure equipment normally located above the ceiling or in another space adjacent to the room they
serve, install the equipment outside the test room and connect it to the test room through an opening
with same cross-sectional shape and area as the equipment connection to the room (see Figure 6).
Locate the opening such that all surfaces of the test room are no closer than 1,0 m and away from any
position of room symmetry. Examples are shown in Figure 6.

© IS0 2020 - All rights reserved 7
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Dimensions in metres

Key
1  equipment under test
2 quietair gupply

Figure 6 —|Mounting detail for an air-terminal device installed on or against a surface without

a duct as described in"fASHRAE 130, EN 12238, or EN 12239

5.5 Testinstallation of air-terminal units for the determination of casing radiated l[loise

To determing the sound radiated from the equipment casing, install the unit in the reverberatio

room with spitable conneefing ducts such that the background criteria for noise from sources

test
other

than the equlpment undextest through these ducts meets the [SO 3741 limits. Noise from the equipment
under test can also break out of the ducts and care should be taken to minimize such breakout|noise

by using for] examplevdouble wall ducts, high transmission loss walls, or other assemblies s

that

the breakouf noise’is at least 6 dB below the sound radiated by the equipment under test. Instgll the

unit within thé-size limits as shown in Figure 7. Two ducts connecting the unit to the outside

Of the

reverberatiomrtestroomrare required:

© IS0 2020 - All rights reserved
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Dimens

31
ﬁ'@’

Key
1
2
NOTE

D

<]

5.6

5.6.1
typicd

5.6.1
4 air
requi
rates
becay

If the

ions in metres

Juipment under test
foustically isolated duct
Duct can be circular or rectangular according to the device.

Figure 7 — Mounting detail for air-terminal unit to determine casing radiated

Test procedures

Carry out acoustic meaSurements while the equipment is operating over a range
1 of its normal use as déclared by the manufacturer.

1 For non-adjustable air-terminal devices, carry out sound measurements for a
flow rates ovef“the upper half of the range used to determine the air-terminal dey
rfements. ThéAlow rates shall cover the minimum, maximum and at least two inter
(for example minimum, 40 %, 70 %, and 100 % of maximum flow). These values
se thesound is related to the logarithm of the airflow.

minimum flow results in sound levels below the background in the test facility, t

sound

bf conditions

minimum of
fice pressure
mediate flow
'were chosen

he minimum

flow

annlu the mothad nraovided in 5 6 2 T
............................ PPy e RO aprovVaea 28—+

For this case,

measure at 50 %, 63 %, 80 % and 100 % of the range maximum. To get evenly spaced noise levels, the
airflow values should follow a logarithmic relationship to be calculated between the minimum and the
maximum of the range of the air-flow rates considered.

5.6.1.2 For adjustable pattern air-terminal devices, carry out sound measurements per 5.6.1.1 for each

of the

adjustment positions for which the test data is required.

5.6.1.3 For air-terminal units with adjustable flow rate, carry out sound measurements for a minimum
of four air-flow rates, each at the minimum, maximum and at least two intermediate flow rates. If the
minimum flow results in levels too low to measure, the minimum flow can start at 50 % of the maximum
and then apply the method provided in 5.6.2.

© IS0 2020 - All rights reserved
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If the operation of equipment in its normal range generates sound pressure levels below the

criteria for background noise in ISO 3741, then higher flow rates may be used and acoustic results
recorded at least at the specified number of tests and extrapolated to the normal range. These additional

flow rates sha

1l not exceed 200 % of the maximum of the normal range.

procedure may be used for extrapolation.

In the case of tests made at a constant total pressure loss coefficient, plot values of sound power

levels, Ly, for each octave band and of A-weighted sound power levels, Ly;,, against1g(qy), where gy

The following
a)

is the nu
b)

1g(Apy),

The octave band Ly, values plotted againstlg(qy) or1g(Ap,) shall be in a straightline. If necessary, re

the lower va

Determine b
The maximu
or Ly, corre
limit of 50 %
Ly,and Ly, a

6 Auxilia

6.1 Provid
background
[SO 3741.

For the purp
through the
the sound pr

6.2 Vent ailr to or from the test room in‘a manner that the background noise intruding into the

through the ¢
of the equip
openings as

present, shal

7 Measu

The determjfnatien>of the importance of discrete-frequency or narrow-band components
qualificati0n| of the reverberation test room, the measurements of the sound pressure levels ar
calculation ithi i S

merical value of the volume flow rate.

In the case of tests made at a constant flow rate, plot Ly, for each octave or band and L, against

here Ap, is the numerical value of the total pressure loss.

ues corresponding to sound power levels which do not emerge from the background

est-fit straight lines through the points for each parameter using the least squares mg
m deviation between the measured points and a straight line shall be,+3 dB. Values
sponding to specific values of gy or Ap, within the above range may)be derived with
of the lowest gy, or Ap, for which a correct measurement has been tarried out. The o
fre deduced from the derived octave band values.

ry facilities for acoustic testing

h

b a quiet air system so that any noise producéd by the system meets the criter
hoise in ISO 3741. Correct for background noise sound pressure levels in accordancg

pse of this document, the background npise sound pressure level during test with ai
pir-terminal device shall be checked'by removing the air-terminal device and meas
essure levels at approximately the'same volume rates of air flow used in the test.

pening does not exceed the ¢riteria for background noise. Carry out all sound measure
ment under test, the-reference sound source and background noise (see 6.1) wit
ised during the sound/power tests. Noise generated by flow through sound attenuat

be in accordance with the requirements for background noise (see 6.1).

rements.and calculations

move
noise.

rthod.
of Ly,
in the
verall

ia for
b with

- flow
uring

room
ments
h the
ors, if

, the
d the

it and

the calculation of A-weighted sound power level, L;;,, shall be carried out in accordance with ISO 3741.

10
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In the case of the installation described in 5.3, calculate the sound power level in the connecting duct,
Lyguco by adding the end reflection loss of the open duct, Ej ), to the sound power level, Ly, radiated
into the room according to Formula (2):

(2)

LWduct = LW + El(n)

For the sound power in a duct, the value for the duct end correction (see Reference [6]), El(n)' can be

expressed by Formula (3):

Q
\'Tlljn J _I
wher¢
f| isthe band centre frequency, Hz;
c is the speed of sound in air, in metres per second, at the temperature; 8, in degreef Celsius, of
the air in the reverberation test room at the time of test, ¢ = 2005273 + 6)0.5;
S| is the cross-section of the duct opening;
4 isthe solid angle of radiation, equal to 27 for a flush termination, and equal to 4m|for a free
termination which penetrative length is more than: wavelength of the lowest friequency;
(m) variable quantity

g a duct with
). For ducted
g a diameter
ised.

For diyicted dampers and valves using a transmission.&lement according to ISO 7235 and usin
a diameter greater than or equal to 1 m, it may be uSed without any correction per Formula (3
damplers and valves using a transmission elemént according to ISO 7235 with a duct havin
less than 1 m, a correction per Formula (3) based on the transition ending diameter shall be

8 Measurement uncertainty

The

claus

The

docu

This
1SO/1
repla

idance on the developmentof information on measurement uncertainty contained ir
s of ISO 3741, as applicable, can be used for determining uncertainty of acoustic meg

g

:anertainties of seuid power levels, u(Ly), in decibels, determined in accordan|
ent are estimated by the total standard deviation, o, in decibels, as given in Form

Ly )

u O

tot

total,standard deviation is obtained by using the modelling approach d
HC-Guide 98-3. This requires a mathematical model, which in case of lack of know

the relevant
surements.

ce with this

i1la (4):
4)

escribed in
edge, can be

ted hy results from measurements im‘lnding resnlts from round robhin tests

In the context of acoustic measurements, the total standard deviation, o, is expressed by the standard
deviation of reproducibility of the method, op, in decibels, and the standard deviation, o,
describing the uncertainty due to the instability of the operating and mounting conditions of the
equipment under test in accordance with Formula (5):

~ indecibels,

0,5
(A2 2 ,
Oror =(0R0 t00mc) (5)
For determination of the total standard deviation, see Table 1.
© IS0 2020 - All rights reserved 11
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