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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
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1 was prepared by Technical Committee ISO/TC 117, Industrial fans.
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The need for this new International Standard, ISO 13347, has been evident for some time. Whilst a number of
national standards exist for the measurement of fan noise, none has received universal acceptance nor may
comparisons be readily made.

Forfning part of the ISO/TT TT7 Series of 1an standards, this part of 1ISO 13347 deals with the detefmination of
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fan sound power level appropriate to a particular application. In describing the test and rating
erous references are made to ISO 5801 as well as to other relevant ISO standards. This\gene

rmining the sound power propagated from a fan in specified installation conditions as a
uency.

types of installations (see Clause 4) for ducted applications.

test procedures described in this part of ISO 13347 relate to laboratory conditions. The mea
bw into and out of the fan is not free from swirl, nor fully developed.

part of ISO 13347 describes methods for determining, sound power levels of fans in one-
dwidths and one octave bandwidths.

h obtained in accordance with this part of ISO 18347 may be used for the following purpos
rs:

comparison of fans which are similar in size and type;

comparison of fans which are different’in size, type, design, speed, etc;

determining whether a fan is_suitable for a specified upper limit of sound emission;

scaling of fan noise from.one size and speed to another size and speed of the same type of fa
prediction of sound'pressure level in application of the fan;

engineering work to assist in developing machinery and equipment with lower sound emission

orocedures,
al overview

ild be read in conjunction with the appropriate part of ISO 13347 that specifies, in‘detail, methods for

function of

part of ISO 13347 primarily deals with the determination of sound power levels of industrial fans used in

surement of

ormance under site conditions is not included. Acoustic systeny effects can be considerablg where the

hird octave

Bs amongst
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Industrial fans — Determination of fan sound power levels
under standardized laboratory conditions —

Part 1:
General overview

1
This
it m
roof

Scope
part of ISO 13347 deals with the determination of the acoustic performance of industrial fans.

cowl or damper or, where the fan is fitted with a silencer, the sound-power resulting from

silencer combination.
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Normative references

following referenced documents are indispensabléZfor the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

266, Acoustics — Preferred frequencies
1000, S/ units and recommendations forthe use of their multiples and of certain other units

3741, Acoustics — Determination” of sound power levels of noise sources using sound |
Cision methods for reverberationnrooms

3743-1, Acoustics — Determination of sound power levels of noise sources — Engineering
I, movable sources inreverberant fields — Part 1: Comparison method for hard-walled test rod

3743-2, Acoustics~~— Determination of sound power levels of noise sources using sound
ineering metheds™ for small, movable sources in reverberant fields — Part 2: Methods
rberation testdfooms

3744:1994, Acoustics — Determination of sound power levels of noise sources using sound
ineering'method in an essentially free field over a reflecting plane

ISO

In addition,

ay be used to determine the acoustic performance of fans combined with' an ancillary devic¢ such as a

the fan and

For dated
referenced

pressure —

methods for
ms

bressure —
for special

pressure —

3745, Acoustics — Determination of sound power levels of noise sources using sound

ressure —

Precision methods for anechoic and semi-anechoic rooms

ISO 5136:2003, Acoustics — Determination of sound power radiated into a duct by fans and other air-moving
devices — In-duct method

ISO

5801, Industrial fans — Performance testing using standardized airways

ISO 6926:1999, Acoustics — Requirements for the performance and calibration of reference sound sources
for the determination of sound power levels

ISO 9614-1, Acoustics — Determination of sound power levels of noise sources using sound intensity —
Part 1: Measurement at discrete points
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ISO 10302, Acoustics — Method for the measurement of airborne noise emitted by small air-moving devices

ISO 13347-2:2004, Industrial fans — Determination of fan sound power levels under standardized laboratory
conditions — Part 2: Reverberant room method

ISO 13347-3:2004, Industrial fans — Determination of fan sound power levels under standardized laboratory
conditions — Part 3: Enveloping surface methods

ISO 13347-4:2004, Industrial fans — Determination of fan sound power levels under standardized laboratory
conditions — Part 4: Sound intensity method

ISO 1 3349, l’l lduot’ l'all fal 1o ‘vluuabullal_y ol Id del‘l Il'tl'ul o Uf uatcyul I.GO

ISO 13350:(1999, Industrial fans — Performance testing of jet fans

3 Terms, definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the non-acoustical terms and units defined in4SO 5801, ISO 13349 |and
ISO 1000, apply; the following acoustical definitions apply, they are taken from*I1SO 3470 to 3747 whergver
possible and some have been expanded to fit the specific needs of this docément.

3141
inlet sound power level
sound powgr level of a fan determined at the fan inlet in a specified, test installation type, A, B, C or D

3.1.2
outlet sound power level
sound powgr level of a fan determined at the fan outlet in-a specified test installation, type A, B, Cor D

313
casing soynd power level
sound powgr level radiated from a fan casing

NOTE 1 If the fan drive is external to the fan casing, the casing sound power shall include the sound power genefated
by and radiafed from the fan drive

NOTE 2 Vhen cataloguing a range’ of fans, it is not always possible to include the motor noise, as this will lvary
according tothe power and type-ofunotor selected. Motor noise may then be omitted, provided this fact is clearly stated.

314
frequency fFange of interest
frequency rgnge including octave bands with centre frequencies between 63 Hz and 8 000 Hz and one-third
octave bandls wjthyeentre frequencies between 50 Hz and 10 000 Hz

NOTE ffor.special purposes, the frequency range may be extended at either end, provided that the test environient
and instrument accuracy are satisfactory for use over the extended frequency range. For fans which radiate sound at
predominantly high (or low) frequency, the frequency range of interest may be limited in order to optimise the test facility
and procedures.

315

blade passage frequency

BPF

frequency of fan impeller blades passing a single fixed object

NOTE The blade passage frequency is calculated by the following formula

XXn

60

BPF =" Hz

2 © ISO 2004 — All rights reserved
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where
X is the number of blades;

n is the fan speed, expressed in revolutions per minute.

3.1.6
chamber

enclosure used to regulate flow and absorb sound; it may also conform to air test chamber conditions outlined
in 1ISO 5801

h as at the

Cape into the

under test,

NOTE 1 Generally, the reference point is the centroid of the centres of all inlets and outlets that contribute to the sound
power level being determined.

NOTE 2 For total sound power testing of fan equipment with a single inlet and a single outlet, the reference point is the
midpoint of the line that joins the centres of the inlet and the outlet.

NOTE 3  For fan inlet (or outlet) sound power testing of equipment with a single inlet (or single outlet), the reference
point is the centre of that inlet (or outlet)

© 1SO 2004 - All rights reserved 3
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3.1.14

standard air
air with a density of 1,2 kg/m3

NOTE 1

NOTE 2

Standard air has a ratio of specific heats of 1,4 and a viscosity of 1,815 E-03 Pa-s.

properties, but this is not part of the definition.

NOTE 3

properties but this is not a part of the definition.

3.2 Fan

Considering

sound power levels

all possible combinations for installation conditions specified in Clause 4, twelve differént sg

Air at 16 °C dry bulb temperature, 50 % relative humidity and 100 kPa barometric pressure has these

Air at 20 °C dry bulb temperature, 50 % relative humidity and 101.325 kPa barometric pressure also has these

und

power level|(L;;) descriptions are defined in Table 1, for example Ly, (A,in).
Table 1 — Sound power levels
Number Suffix Description
1 (A,in) free-inlet sound power level, type A installation.
2 (A,out) free-outlet sound power level; type A installation.
3 (A tot) total sound power level of a fan type A installation (includes the contributions from the
inlet, outlet, fan casing and drive).
4 (B,in) free-inlet sound power level; type B installation.
5 (B,in+cas) free-inlet sound power level plus casing-radiated noise; type B installation.
6 (B,out) ducted outlet sound power level;\type B installation.
7 (C,in) ducted inlet sound power level; type C installation.
8 (C,out) free-outlet sound powef level; type C installation
9 (C,out+cas) free-outlet sound power level plus casing-radiated noise; type C installation
10 (D,in) ducted inlet sound power level; type D installation.
11 (D,out) ducted o(tlet’'sound power level; type D installation.
12 (D,cas) casing-radiated sound power level; type D installation.
NOTE 1 All of these symbols may be used to indicate levels in one-third octave or octave frequency bands as wgll as
overall sounfl power levels ‘and A-weighted sound power levels, provided that the sound power to which the symbols
relate is cleafly defined.
Where noide from the drive may contribute to the noise radiated from a casing then this should be clgarly
stated by the addition of +dre.g. /... (D cas + dr)
NOTE 2  Not all of the above levels need to be measured for a particular fan.

3.3 Other symbols

For consistency and mutual understanding, it is recommended that the symbols and units shown in Table 2 be
used in reporting and calculation. Unless otherwise noted, the subscript number refers to the mid-frequency of
the octave band or one-third octave band number.

© ISO 2004 — All rights reserved
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Table 2 — Symbols, units

Symbol Term Sl unit
A, fan inlet area m?
Ay fan outlet area m?

c speed of sound m/s
D, distance between reference box and rectangular measurement surface m
D, characteristic acoustic source dimension m
By Rominal-diameterof-belimouthfepeninginreflectingplane m

D in minimum distance between equipment under test and reverberant room measurement m
surface

d duct diameter m
dg equivalent diameter (of rectangular duct) m
E, duct outlet end correction dB
E; duct inlet end correction dB
Ey, adjustment to sound power level for duct end correction(s) dB
f frequency Hz

h height of centre of orifice above floor level, or above anothier reflection plane m

I sound intensity W/m?2
I surface average sound intensity W/m?2
I, sound intensity 7 at measurement location » W/m?2
Lt reference intensity, 1 pW/m?2 (1 x 1012 W/m?) —
I measurement surface characteristic dimension (length) m
K, background-noise correction dB
Ky environmental noise correction dB

/ dimensions of the reference box m
L, sound intensity level{re® 1 pW/m?2) dB
L_i surface average souind intensity level dB
L fan sound intensity level dB
L_if surface average fan sound intensity level dB
Lig RS§ sound intensity level dB
E Surface average RSS sound intensity level dB

» sound pressure level, re 20 pPa (2 x 1075 Pa) dB
ch corrected sound pressure level of the fan dB

b recorded sound pressure level of room background as measured over the normal dB

microphone path
; background sound pressure level dB
Lpn L,;, at measurement location n dB
Liprq RSS calibration sound power level dB
Lom recorded sound pressure level of fan and room background as measured over the normal dB
microphone path
qu corrected sound pressure level of the RSS dB
Lam recorded sound pressure level of the RSS and room background as measured over the dB
normal microphone path

© 1SO 2004 - All rights reserved 5
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Table 2 (continued)

Symbol Term Sl unit
Ly sound power level, re 1 pW (1 x 10712 W) dB
Ly sound power level of RSS dB
A wavelength m
M Mach number Dimensionless
P sound pressure Pa
Pref reference-souRe-pressure—20-HRa{24+0-9 Pa)
Ps fan static pressure Pa
Dy fan (total) pressure Pa
r radius of spherical (hemispherical) measurement surface m
T4 duct area/Orifice area Dimensionless
s standard deviation dB
o air temperature K
S measurement surface area m2
Sy cross-sectional area of a section through the fan in the measurementisurface plane m?
S portion of measurement surface in contact with discharge flow for fans with outlet orifice m2
w sound power W
/. reference sound power, 1 pW (1 x 10712 W) dB
z measurement surface characteristic dimension (height above reflecting plane) m
S convergence index (with » measurement locations) dB

4 Limitations on use

For low-po
voltage not
which cove

For in-duct
see 6.5).

For reverbeg

There are 1
methods, p
specified in

ver fans (up to 3 kW) that could* be run from a domestic power supply (single phase AC gt a
exceeding 250 V and a current not exceeding 16 A), reference should be made to IEC 60704}2-7
s household and similar fans:

fests, the test duct diameter range as specified in ISO 5136 is from 0,15 m to 2 m (for more details

rant room tests;-the size of fan is limited to less than 2 % of the room volume.

o restrictions on the size of fan which may be tested by enveloping surface and sound intensity
rovided: the test environment meets the specified acoustic requirements. A test procedurg is
Clause 9 of ISO 13350:1999 for testing jet fans.

The test procedures specified in this part of ISO 13347 are intended principally for tests conducted using
standardized test configurations and under specified environments and conditions and may not be appropriate
to site test conditions.

The fan installation conditions conform to the four categories of installation types specified in ISO 5801:

— type A:
— type B:
— typeC:

— type D:

free inlet, free outlet;
free inlet, ducted outlet;
ducted inlet, free outlet;

ducted inlet, ducted outlet.

© ISO 2004 — All rights reserved
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Measurements made in conformance with this part of ISO 13347 tend to result in standard deviations which
are equal to or less than those given in Table 3. These standard deviations take into account the cumulative
effects of all causes of measurement uncertainty, such as source location, duct end reflections, duct
transitions, instrument calibration, derivation of sound power from sound pressure and sampling. They do not
reflect variations in the sound power radiated by the fan itself due, for example, to changes in installation
conditions or manufacturing tolerances. For further information refer to Annex C.

Reverberant field tests have, for many years, been carried out without the addition of anechoic terminations

on the non-measured side of the fan. This part of ISO 13347 allows for tests to be performed both with and
without such terminations, but it must be recognised that the results will be different. It shall be clgarly stated.
in a|l documentation, test reports, catalogues, etc., whether or not anechoic terminations were fitfed.
Table 3 — Uncertainty in determination of the frequency-band sound power levelg
Qne-third Standard deviation, dB
?::t:x:nb;:g In-duct Reverberant field Enveloping surface | Sound intensity field
(see also ISO 3743-2) methods
Hz (see also with anechoic | without anechoic | (se&.also ISO 3744) | (see also |SO 9614-1)
ISO 5136) terminations terminations
50 3,5 5,0 3,0
63 3,0 *5,0 6,0 5,0 8,0
80 2,5 5,0 3,0
100 2,5 3,0 3,0
125 2,0 5,0 3,0 3,0 3,0
160 2,0 3,0 8,0
200 2,0 2,0 .0
250 2,0 3,0 3,0 2,0 .0
315 2,0 2,0 .0
400 2,0 1,5 .0
500 2,0 2,0 3,0 1,5 .0
630 20 1,5 .0
800 2,0 1,5 5
1000 2,0 2,0 3,0 1,5 5
1250 2,0 1,5 R3]
1600 2,0 1,5 R3]
2000 2,0 2,0 3,0 1,5 §3)
2500 2,0 1,5 1,5
3150 2,0 1,5 1,5
4000 2,0 2,0 3,0 1,5 1,5
5000 2,5 1,5 1,5
6300 3,0 2,5 2,5
8000 3,5 3,0 3,0 2,5 2,5
10000 4,0 2,5 *3,0

© 1SO 2004 - All rights reserved
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NOTE 1 For the in-duct method, the measurement uncertainty may be reduced by careful design of the test rig to
eliminate transition ducts and by use of more absorptive terminating ducts.

As noted at the beginning of this clause, the uncertainties given in Table 3 do not allow for the variations in
sound power levels due to manufacturing tolerances. There are consequent differences between one fan and
another of the same nominal design, rotational speed, position on its performance characteristic, etc. In any
specifications, which are part of a contract, it is necessary to apply tolerances to sound values. These may be
calculated for a normal distribution of data by multiplying the quoted standard deviations by 2 to obtain 95 %
confidence limits. A further deviation should also be added to account for manufacturing tolerances, as
described in ISO 13348.

NOTE 2  When octave-band data are calculated, the uncertainty of each octave band level will not be greater than the
largest unceftainty of the three constituent one-third octave bands.

NOTE 3  Only octave bands are shown for the reverberant method in accordance with ISO 3743.
NOTE 4  HFigures marked with “*” in Table 3 are not given in ISO 3743-2 and ISO 3744 but are for guidance only.

NOTE 5 Vhere the reverberant room is in full conformity with ISO 3743-1 (hard-walled test room) theh the uncertainty
may be reduged.

NOTE 6  According to impedance theory, the sound power in the discharge duct from a fan-is a function not only of the
outlet duct Igngth and terminating load but also of the inlet duct length and terminating Igad=“In a similar way, the |inlet
sound powef is a function not only of the inlet duct length and terminating load but also.of the outlet duct length| and
terminating Ipad.

NOTE 7  If the fan internal impedance is high, this has the effect of damping th€ variations in sound power along a ¢luct.
The length of the ducts and terminal loadings therefore become somewhat less critical.

NOTE 8 Ih a real fan installation, therefore, the sound power levels are\likely to differ from those obtained from fests
without anechoic terminations. The differences will be greatest at very low frequencies. For further information, refer t¢ the
relevant refefences in the bibliography.

NOTE 9  $ound power levels obtained by using the methods described in Table 3 are for a fully developed flow int$ the
fan, without [pre-swirl, and straight-line flow out of the fan without swirl. Any disturbance up-stream or down-str¢am,
therefore, will increase the levels in a real installation.

NOTE 10 The figures given in column 4 of Table 3-are taken from AMCA Standard 300-96. They are very much
dependent op duct lengths and diameters, especially‘in.the first and second octave bands.

The standafd deviations in Table 3 are equivalent to those obtained from the engineering methods descr|bed
in ISO 3743, ISO 3744, 1SO 5136 and IS© 9614-1 as appropriate. They are those which would result frgm a
set of meagurements which were undertaken on a single fan in a large number of different laboratories [and
include the cumulative effects of all.causes of measurement uncertainty.

The repeatpbility of measurements in any one laboratory may be considerably better than the values in
Table 3 wollld indicate.

6 Instrymentation

6.1 Gen?ral

Depending on the test method, the instrumentation shall be as specified in this part of ISO 13347, together
with ISO 3741, 1ISO 3743, 1ISO 3744, ISO 5136, ISO 9614-1 and ISO 13350.

Instrumentation shall be so designed as to determine the mean-square value of the sound pressure in octave
and/or one-third octave bands averaged over time and space.

6.1.1 Microphone
A microphone of a standardized sound level meter shall be used. If a sampling tube is used, the dimensions of

the microphone shall be compatible with it. The correction C, for frequency response shall be supplied by the
instrument manufacturer.

8 © ISO 2004 — All rights reserved
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6.1.2 Microphone cable
The microphone/cable system shall be such that the sensitivity does not change with temperature in the range

encountered in the test. Cable flexing due to either microphone traversing or airflow across the cable should
not introduce cable noise which interferes with the measurements.

6.1.3 Sound level meter or other microphone amplifier

The sound level meter or other amplifier used to amplify the microphone signal shall comply with the electrical
requirements for sound level meters. The flat response shall be used.

6.2| Frequency analyser

Thel| frequency analyser shall have the capacity of frequency analysing into one-third octave bandwidths in
accprdance with 1ISO 266.

6.3| Turbulence screens and windshields

6.3.1 Windshields

A nmlicrophone exposed to excessive air velocity will give a falsely high feading. This may be rectified by fitting
the microphone with a sampling tube, a nose cone or a foam ball.

If thie air velocity of the microphone is greater than 1 m/s, a sampling tube, nose cone or foam hall must be
usefl.

6.3.2 Sampling tube
The] turbulence screen or sampling tube is a tubular windshield with a longitudinal slit backed by a porous

material and is attached to the microphone.:ts purpose is to reduce the response of the microphone to the
turbulent fluctuations of air pressure within\the test duct.

6.3.3 Wind-generated false noise
Thel flow of an airstream over a ‘microphone fitted with a sampling tube, nose cone or foam pall will still
gengerate an apparent changein sound pressure level at the microphone, even though it is requced when

conpared to an unshielded ‘microphone. This change is not attributable to the fan, but is a|function of
micfophone design. For'fUrther information refer to ISO 5136.

6.4| Referencé’sound source (RSS)

A calibrated*'RSS shall conform to the requirements of Annex F.

7 Festmethods

7.1 General

The test method shall be selected according to the sound power level which is to be determined and the size
of the fan.

If a fan has a duct on the inlet and/or outlet side, then the sound power levels on the sides which are ducted
should be determined by an in-duct method as detailed in ISO 5136. As an alternative method with a lower
order of accuracy, an enveloping surface, sound intensity or reverberant room method may be used with
corrections added for the effect of duct end reflection. Where figures are obtained in such an alternative
method (e.g. for small duct sizes or for other reasons) then this shall be clearly stated.

© 1SO 2004 - All rights reserved 9


https://standardsiso.com/api/?name=dc0c6c8bddd4da51d5fa86a6c1e66f1b

ISO 13347-1:2004(E)

If the fan is unducted on the inlet and/or outlet side, then the sound power levels on the sides which are
unducted shall be determined by a method where the sound pressures are measured by either an enveloping

surface method, a sound intensity method or a reverberation room method.

7.2 Special considerations

For small unducted fans of the type used to cool electronic appliances, the determination of L(A,tot) may be

undertaken

using the method described in ISO 10302.

For ceiling and table fans, the determination of Ly;(A,tot) should be undertaken by the method specified in

IEC 60704-2-7

For jet fang, the determination of L,,(A tot) should be undertaken using the method described in Clause |9 of
ISO 13350:(1999.

For the dgtermination of Ly(A,in), Ly(A,out), Ly(Atot), Ly(B,in+cas), Ly{C,out), L;{C,out+cas) |and
Ly(D,cas), gither the method requiring a free field over a reflecting plane specified in 1ISO*3744 or ISO 3745
may be uskd, or the method requiring a reverberation room as specified in 1SO 18347-2 may be uped,
provided that certain criteria regarding the uniformity of the sound field within the room are satisfied.

For the detgrmination of L,(B,out), Ly(C,in), Ly(D,in) and Ly/(D,out), the test method should be as descr|bed
in ISO 5134.

8 Fan installation conditions

8.1 Introduction

The measurement procedures specified in this part of 1SQ 13347 cover the following fan installations (see
Clause 4):

— free inlet/free outlet (type A);

— free inlgt/ducted outlet (type B);

— ducted|inlet/free outlet (type C);

— ducted|inlet/ducted outlet (typeD).

In general, the sound powers radiated from the fan inlet into free space and into a duct are different, and gach
is affected |by what is_cennected to the outlet of the fan characterised by the acoustical load impedance.
Similarly, the sound powers radiated from the fan outlet into free space and into a duct are different |and
depend on the installation condition (acoustical load impedance) on the fan inlet side.

To specify @ standardized acoustical load impedance for ducted installations, all ducts less than 1 600 mm in
diameter ahd—eennescted—to—the—testfan—have—te—beterminated—-anescheicall—A—dustin—whish—the—seund

pressure is to be measured for determination of the in-duct sound power according to ISO 5136 is called “test
duct”. Ducts which are used only to provide the standardized acoustic loading, i.e. in which no sound
measurements are to be made, are called “terminating ducts”. The maximum permissible pressure reflection
coefficients for test ducts and for terminating ducts as specified in ISO 5136 are given in Table 4.

NOTE See also ISO 7235 and ISO 13347-2, for the specification of transmission elements.

It is, of course, not necessary to measure all of the quantities for each test fan, but only the sound power
levels required for a particular application.

To determine the sound power radiated from the fan inlet or outlet into a duct (in-duct sound power level), i.e.
6,7, 10 and 11 in Table 1, the in-duct method in ISO 5136 should be used.
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For all other quantities, either the reverberant field-test methods described in 8.2, the enveloping surface
methods described in 8.3 or the sound intensity method described in 8.4 shall be applied.

If the cross-sectional area of the fan inlet or outlet is larger than 2 m2 (this corresponds to a circular area of
1,6 m in diameter), alternative use of the in-duct method, reverberant field method, enveloping surface and
sound intensity method is permitted to determine the in-duct sound power or free-space sound power level.
This is based on the assumption that, for such large dimensions, the sound powers radiated into a duct and
into free space are equal.

Table 4 — Maximum permissible values for the pressure reflection coefficient of anechoic duct

termimations
One-third octave band centre Maximum pressure reflection coefficient
frequency

Hz Test duct Terminating duct
50 0,4 0,8
63 0,35 0,7
80 0,3 0,6
100 0,25 0,5
125 0,15 0,3
160 0,15 0,3

> 160 0,15 0,2

NOTE See Annex D for information concerning the use*of simplified anechoic terminations for terminating ducts.

8.2| Reverberant room test method
A test using this method shall be conducted in accordance with ISO 13347-2.

NOTE Where the room compliestwith the requirements of ISO 3741, then the method specified in that §tandard may
also|be used.

8.3| Enveloping surface test method

Thel enveloping surfdee test method may be used to determine the open inlet, open outlet or casipg breakout
souphd power. Thesmethods shall be strictly in accordance with ISO 13347-3.

8.4| Sound.intensity method

Testsusing this method shall be strictly in accordance with ISO 13347-4.

8.5 In-duct test method

The test airways, comprising an intermediate duct, test duct and terminating duct shall be as described in
ISO 5136. The test duct diameter range is from 0,15 m to 2 m. This implies that the range of equivalent
diameters of fan inlets which can be tested using the in-duct procedure is from 0,104 m to 2,000 m, and the
range of equivalent diameters of fan outlets is from 0,104 m to 2,390 m.

For test ducts in the diameter range 0,070 m < d < 0,15 m, the test method described in Annex H of

ISO 5136:2003 shall be used, which allows testing of fans with inlet and outlet equivalent diameters down to
0,0485 m.
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For test ducts in the diameter range 2 m < d < 7,1 m, the test method described in Annex J of ISO 5136:2003
shall be used, which allows testing of fans with inlet equivalent diameters of up to 7,1 m and outlet equivalent
diameters of up to 8,5 m.

In cases where the fan drive is within the fan casing (e.g. electric motor within the airway or belt and pulley
within the airway), the in-duct noise will be partly fan generated and partly due to the drive and transmission.
No allowance may be made for any contribution of noise from the drive or transmission, and the sound
pressure levels measured within the duct shall be taken as the noise of the fan.

8.6 Limitations

These methods shall not be used for site tests unless agreed to by all the parties concerned.

8.7 Small fans

The in-duct] enveloping surface, reverberant room and sound intensity test methods all have ‘disadvantdges
when measjuring the sound power level of very small fans, as are typically used in the computer and business
equipment |ndustries as defined in ISO 10302. These disadvantages are also evident in‘ether industries which
use small fans. For this reason, a method using a plastic plenum box has been included as an acceptable
method and is detailed in ISO 10302.

9 Fan dgperating conditions

9.1 General

The noise generated by a fan is related to its operating conditiens, i.e. its rotational speed, fan pressure|and
airflow rate| It is important that the aerodynamic duty is knewn when acoustic measurements are being made.
Care is required to ensure that methods of determining\or controlling the aerodynamic performance do| not
affect the npise generated by the fan or interfere with the acoustical measurements.

9.2 Measurement of ambient conditions

The ambient air conditions of temperature, pressure and humidity shall be within the limits specified in| the
appropriate|standards ISO 3743, ISO 3744, ISO 3745, ISO 5136 and I1ISO 9614-1.

9.3 Fan rotational speed

The fan rotTtionaI speed shall-be measured and held steady (within 1 % change) during the sound test for[any
one characferistic point an-the fan. The fan rotational speed during the test shall be within 5 % of the specjfied
rotational speed to minimise the change in fan sound power when applying the conversion rules.

When it is |not possible to test a fan within these limits, an indirect test at a different speed is permitted
providing that-the'test is reported at the test speed and then scaled to the specified or nominal speed (see
Annex A).

The procedures for scaling the sound data from the test speed to the specified speed shall be agreed between
the interested parties in advance of the tests being undertaken.

9.4 Determination of fan aerodynamic operating point

The identification of the operating point on the fan aerodynamic characteristic shall preferably be by
measurement of the mass flowrate using one of the methods specified in 1ISO 5801. The flowrate at the
operating point may be inferred, indirectly, by a determination of static pressure. The uncertainty of flowrate
determination shall not exceed 5 %.
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9.5 Control of fan operating condition

A throttling device shall be used to control the operating point on the fan characteristic. In the case of a type B
configuration, the throttle should, preferably, be located at the outlet end of the anechoic termination on the
downstream side. In the case of a type C configuration, a throttle may be incorporated at the upstream end of
the anechoic termination.

The sound level in the test environment, generated by the throttling device and the flow measurement system,
shall be at least 10 dB below the measured sound level from the fan under test. The anechoic termination
shall be designed with sufficient silencing capacity in all one-third octave bands of interest to secure this
criterion.

WitlL a type A configuration, the throttle arrangement needs to be arranged integrally with the test chamber. A
sim{lar arrangement may be used for type B, type C and type D configurations.

10 |Information to be recorded

10.1 General

Infofmation given in 10.2 to 10.9, when applicable, shall be compiled,'and recorded for all mepsurements
made in accordance with this part of ISO 13347.

10.2 Fan under test

10.2.1 Description of the fan under test

a) |Manufacturer.

b) |Model.

¢) |Nominal size.

d) |Impeller diameter.

e) |Number of blades.

f) |Blade setting (adjustable or variable pitch fans only).
g) |Number of statorvanes (as applicable).

h) [Inlet area"and dimensions.

i) |Outletarea and dimensions.

10.2.2 Operating conditions

a) Fan speed.

b) Fan airflow rate.

c) Fan pressure or fan static pressure at actual test conditions.

d) Air density.
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10.2.3 Mounting conditions

a)

Test figure.

b) Test installation category, e.g. A, B, C or D (see ISO 5801).

c)

Sketch

showing laboratory set-up, including location of any equipment and acoustical measurements.

10.3 Acoustic environment

10.3.1 Description of the test environment: if indoors, description of the physical treatment of walls, ceiling

ketch showing the location of the source and room contents; if outdoors, sketch showing
the source with respect to the surrounding terrain, including a physical description of'the
.
ustical qualification of the test environment.

t data

btric pressure.

Ambie:[t dry-bulb temperature.

t wet-bulb temperature.

b temperature at the fan inlet.

ressure at the fan inlet.

peed and direction relative to the test installation;-if outdoors.

oratory and instrumentation

ory name.
ory location.
Cian's name.

equipment used for_the)measurements including name, type, serial Nos. and manufacturer
f calibration.

dth of frequency.analyser.

of room_qualification. Data shall indicate if the test room is qualified for full or one-third octa

he case-of pure tone testing, the one-third octaves bands for which the qualification applies.

ncy,response of the instrumentation system.

the
test

with

ves,

and floor; s
Iocgﬁon of
environmern
10.3.2 Acq
10.3.3 Teg
a) Barom
b)
c) Ambie
d) Dry-bu
e) Staticy
f)  Wind s
10.3.4 LaQ
a) Labora
b) Labora
c) Techni
d) List of
dates ¢
e) Bandw
f) Scope
and in
g) Freque
h)

i)
)

Method used for calibration of the microphones and other system components; the date and place of
calibration shall be given.

Characteristics of windshield (if used).

Reference sound source (type and serial number).

10.3.5 Location of fan in the test environment or the description of the ducts used, including lengths and
cross-sectional areas (or diameters) and the description of the anechoic termination(s).

10.3.6

measurements (e.g. type of drive, size of motor, etc.).

14

If a test fan has additional noise sources, a description of the source(s) in operation during the
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10.4 Acoustic data appropriate to the method of test

10.4.1 The shape of the measurement surface, the measurement distance, the location and orientation of

micr

104

ophone positions or paths.

.2 The area, S, of the measurement surface.

10.4.3 The corrections (in dB), if any, applied in each one-third octave band for the frequency response of
the microphone, frequency response of the filter in the pass band, background noise, etc.

10.4

.4 _Corrections Cy. Cp and C3 4 according to ISO 5136.

10.4
proq

10.4

10.4

banf of interest.

10.4

10.4

spegd to specified speed in accordance with Annex A.

10.4

speftral content, temporal characteristics, etc.).

10.4
10.4
10.4
10.4
a)

b)

.5 The background correction K; and environmental correction, K,, calculated aceorg
edures of ISO 3744.

.6 Microphone positions.

.7 The mean sound pressure level, L, (in dB, reference 20 pPa), in each -one-third octavg

.8 The sound power level, Ly, (in dB, reference 1 pW) for all frequency bands used.

.9 The sound power level, L, (in dB, reference 1 pW) for all frequency bands used, correct
.10 Remarks on the subjective impression of the noise (audible discrete tones, impulsive

.11 Remarks on the contributions of drive and_trahsmission noise to the total noise.
.12 The date and time when the measurements were performed.

.13 The names of the test personnek

.14 Measurements taken relating to the environment.

Background sound pressure level,

Sound pressure leyetof the reference sound source.

Background corrections for the reference sound source.

Fan sound\pressure level.

Bagkground corrections for the fan.

ing to the

b frequency

bd from test

character,

Llimavaiahtad fan cotind ~ova e lavial

f)
g)

h)

F=t
o Ty tTar T SUOTTaPpOwWo T TC Ve

End correction data if applicable:

1) end correction values;

2) ductlength;

3) flush, or non-flush, mounting of the duct;
4) inside diameter of the orifice plate.

Test date.
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11 Calculations and evaluations

11.1 Calc

ulation of one-third octave band levels

The one-third octave band sound power levels shall be combined to determine the octave band sound power

levels as fo

Lyes =10Ig

Ly125

to

Lygoo

11.2 Calc

The overall

llows:

Lye3
10

Lyso

10 " 410

Lwso
+10 10

Lw125
10
+10

Lw160
10

+10

Ly 8000
10
+10

Lwe300

£ Lw10000
+10

10

=10Ig| 10

ulation of overall sound power levels

sound power levels shall be calculated from the one-third octave band levels according to

following eXpression:
Lwso Lwes Lwsooo Lw10000

Ly =1oig[10 " +10 ™ +10 " w0 °
11.3 Calcplation of A-weighted sound power level
The overall[A-weighted sound powerlevel, dBA, shall be calculated from the one-third octave band levels,
each one-thlird octave band, the A-weighted sound power level is calculated from the formula:

LyAbgnd = Ly, band + ¢
where C is|the correction-taken from ISO 3744, Table 2 to be added to the one-third octave band sg
pressure leyel to derive(the A-weighted sound pressure level in that frequency band. The overall A-weig

sound powgr levelisiihen calculated from the expression:

Ly A = |U|g[|u

Ly Aso Ly Ag3 Ly Agooo

LWA10000—‘
10

the

For

und
hted

10 10
+ 10 + ...+ 11U + 10

)

11.4 Evaluation

Depending

bands,

calcula

16

on the basic method used, the tests shall be evaluated:

or

tion of the A-weighted sound power level.

determination of (A-weighted) sound power level and, if required, in octave bands or in one-third octave

determination of sound power level in octave bands or in one-third octave bands, and on this basis,
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Test report

test report shall include the information given in 12.1 to 12.4.

12.1 General

The sound power levels shall be reported, together with a statement that they have been obtained in full
conformance with the procedures of this part of ISO 13347.

The report shall state that these sound power levels are given in decibels, reference 1 pW. The reported

dec

Ina

f)

The)

12.

The

12.8 Instrumentation used

The)

12.4 Subjective assessment of the noise character

Inp
equ

bU: th“ bc TUUl |dcd Uff tU thc IICGICDt VVhU:C ||un|bc| .

ddition, the report shall contain the following information:
manufacturer's fan designation;

manufacturer's size reference and specified rotational speed;

the noise includes contributions from the drive and transmission, e.g. installation type B, freg
power level plus casing-radiated noise, Ly, (B,in + Cas);

for enveloping surface methods, the surface over which the/sound pressure levels were
parallelepiped, hemisphere or sphere;

inlet airflow rate and sound power level at the test condition;
inlet airflow rate and sound power level at the specified speed.

test report shall give the designation of the method and the details listed in 11.1 to 11.4.

P Description of test site, arrangement of fan, location of measuring points

sound power level determined.shall be designated as described in Table 1.

test report shall detaihthe instrumentation used.

articularyany discrete tones which are distinctly audible shall be indicated. The test report shou
htion used.

12.5-Measured-values-and-testresulis

type of test installation (type A, B, C or D); whether measurements are at inlet or outlet of fan and whether

rinlet sound

made, e.g.

Id detail the

According to the method used, some or all of the following shall be reported as appropriate:

a)

b)

sound pressure level (A-weighted and/or in frequency bands) at each measuring point;
background-noise sound pressure level (A-weighted and/or in frequency bands) at each meas

background-noise correction, K, (A-weighted and/or in frequency bands);

environmental correction, K, (A-weighted and/or in frequency bands), in cases where the

uring point;

enveloping

surface method is used; air temperature, in °C, relative humidity, in %, and barometric pressure, in mbar,

in cases where the reverberation room method is used;

© 1SO 2004 - All rights reserved
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e) measurement-surface sound pressure level, L (A-weighted and/or in frequency bands), and
measurement surface ratio, L, in cases where the enveloping surface method is used;

f) a-weighted sound power level, LA, and if required, sound power level for each octave band or one-third
octave band in the frequency range of interest; uncertainty of measurement for LA if necessary.
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Annex A
(normative)

Effect of rotational speed changes
The rules for conversion applicable in this Annex relate to changes of speed only with the purpose of

correcting the sound power level determined from measurements at the test speed to fixed or specified

ol PR H 4 o o L0/ & bloo b 4 al
Spe.,uo, notumicInTtg vy Thorc uiait o 70 MUl iUic 1I©ol opTtTUu.

Thel rule for change of rotational speed is for each one-third octave band test point,

Lo = Ly =301g {n_o}
ny

whdre the subscript, o, relates to the specified speed and the subscript, 7, relates to the test speed.

Thig formula should not be used for any purpose other than scaling for this speed change.

Thig formula should not be used to scale A-weighted overall noisedeyels.
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Annex B
(informative)

Change of gas or air conditions

The sound power level L, under the gas or air conditions of the test is given by the following:

Ly =1, +10|g%—10|g4’)TcO
where
Zp is the average sound pressure level over the measurement surface, including the frequgncy
orrections; depending on the test method used (e.g. background noise-~correction K, |and

environmental correction K, for the enveloping surface method);

S is the area of the measurement surface;

S  F1m3

c is the speed of sound under the gas or air conditions of the test;

Yo is the air density under the gas or air conditions of thé test.

The correction given as 10 Igpc over 400 will not exceed’1 dB, provided that the barometric pressure|lies
between 90 kPa and 110 kPa and the ambient dry bulb temperature ¢ is between 10 °C and 30 °C. [This
correction ghould not be made if the density/sound speed term exceeds 3 dB.
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Annex C
(normative)

Corrections for end reflection

C.1 General

1:2004(E)

When ducted fan equipment is tested in a room, conditions at the end of the duct can prevent §
soupd energy emitted into the duct from being transmitted into the test room. Becauserofithis
power measured in the room may be smaller than the true sound power of the fan equipmen

-end correction adjustment £y, is determined by using¢Figure C.1. When inlet parameters arg
ction E; is determined; when outlet parameters are used, outlet end correction E, is
jistments are applied as indicated in the example.

E Transmission elements are also subjected to‘€nd corrections. See ISO 13347-2.

C.2 End reflection and duct-end(correction

Figu
con

re C.1 gives the end reflection.correction as a function of duct size parameter 0,5 kd for seve
Hitions.

NOT
mag

E Airflow conditions-are’known to influence end reflection. Airflow is not a parameter in Figure C.1
nitude of the effect is considered to be within the uncertainty of this part of ISO 13347.

C.2.1 Duct termination condition
The
corr
duc
flus

end refléction correction varies with the termination condition of a duct. Figure C.1 sho
ection fortwo termination conditions: non-flush and flush. The non-flush termination is presur

terminates well inside the test room. The flush duct-end condition is presumed when a duc
n with' a single surface of the room.

tome of the
the sound
t. Duct-end

Supporting
to use end
5 to in-duct
ent state of
let or outlet

from tests

b used, inlet
Hetermined.

ral duct-end

because the

ivs the end
ned when a
terminates

NOTE 1 Duct termination near room boundaries (other than the flush wall of a flush termination) can result in an end
reflection different from that presumed by Figure C.1. A non-flush duct should terminate well away from all room
boundaries; a flush duct should terminate well away from all room boundaries other than that with which the duct is flush.

An inlet bell, outlet diffuser, or a flange at the end of a duct, if present, tends to reduce the amount of end
reflection relative to that of a duct without such a termination, and should be avoided. A bell or diffuser may be
needed to achieve the desired aerodynamic performance, however, or a flange may be necessary for duct
stiffening. When an inlet bell or outlet diffuser is used, the duct size for Figure C.1 shall be that of the duct
without the device. The width of a flange should be limited to no more than 10 % of the width of the duct
(diameter for a round duct, the smaller of length or width for a rectangular duct).
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NOTE 2
Figure C.1.

NOTE 3

theoretically approaches that of the flush termination condition.

C.2.2 Orifice condition

The actual end reflection with an inlet bell or outlet diffuser is likely to be smaller than that presumed by

The acoustical condition with a wide flange termination (flange width exceeding the wavelength of sound)

Measuring the sound emission from a duct obstructed by an orifice is generally not recommended. When an
orifice is unavoidable, the end reflection correction is determined from Figure C.1. The size of the orifice is
described by the ratio of duct area to orifice open area. For area ratios other than those shown in Figure C.1,

obtain the g

NOTE 1 i

NOTE 2 )
Figure C.1
recommend
to the end
diameter, c

C.3 Limi

Research o
duct diameg

correction adjustment provided by Figure C.1 are considered.to have acceptable uncertainty when sg

testing is p¢
a) thetes
b) thetes
c) the rati

If tests sha

using a different test method.

C.4 Exarn

Given an ¢pen (ne’\orifice) inlet duct, duct diameter, d, of 1,016 m, determine the inlet end corred

adjustment

nd reflection correction by interpolating between the curves shown.

or round ducts and orifices, the area ratio is equal to the square of the diameter ratio.

'he mechanical properties of an orifice plate affect its acoustical properties [101.

bssumes that an orifice plate is rigid and heavy. For the purpose of this partyof 1ISO 13347,
ed that an orifice plate be steel not less than 10 mm thick, or equivalent, and‘be securely faste

bf the duct using a minimum of eight bolts of adequate size and placement. For ducts over
bnsideration should be given to using thicker plate and additional stiffening.

tations

n duct-end corrections has shown that the necessary correction becomes less predictable as
ter, frequency, and size of an orifice opening dec¢reases. The values for the end refleg

rformed within the following limitations:
frequencies do not lie below the 63 Hz octave band;
duct diameter is not less than 0,3 m;

D of duct area to orifice open area.(Figure C.1 parameter ry) does not exceed 5.

| be conducted such thatthe above limits would be exceeded, consideration should be give

hple of a determination of a duct-end correction adjustment

for a non-flush termination condition in a test room maintained at 20 °C.

it is
ned
Tm

the
tion
und

tion
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The value for octave band 1 is determined according to Table C.1.

Table C.1 — Duct-end correction for octave band

Quantity Sl units
Speed of sound, ¢ (dry air at 20 °C) 343 m/s
Midband frequency, f 63 Hz
Wavelength, 4 = c/f 343/63 =544 m
Wavenumber, k = 2/4 21/5.44 =115 m~"
Figure C.1 parameter, 0,5 kd 0,5x1,15%x 1,016 =0,58
Figure C.1 result, E; 6,1 dB

Valuies for other octave bands are determined similarly, with the results given in Table C.2.

Table C.2 — Duct-end correction for octave bands from-63.Hz to 8 000 Hz

Octave band mid-frequency
Hz
63 125 250 500 1000 2000 4000 8000
Parpmeter, 0,5 kd 0,59 1,2 2,3 4,7 9,3 19 37 74
Dugt-end correction, E; (dB) 6,1 2,5 0,77 0 0 0 0 0
NOTE The above is a typical determination that is valid only\for the duct parameters given in this example.
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Key
X Paramefer, 0,5 kd
Y End reflgction correction, E (dB)

— End correction for open ducts in infinite;space (non-flush)
— ———1 End correction for open ducts termihated in a wall (flush)

NOTE 1 ffor rectangular ducts, use the equivalent diameter, d:

do = J[4ab/n

where « and b are the sides of the rectanhgular ducts.

NOTE 2 Ratio of duct area/orifice area, ry:

2
q
o-(]
o

where d is tre diameter of the orifice.

Use r4 = 1 if there is no orifice over the opening.

NOTE 3 Wave number, k:

k=22
A

NOTE 4  Lower limit value for 0,5 kd is 0,14. If 0,5 kd is less than 0,14, do not report sound power data.

NOTE 5 d and A should be in consistent units.

Figure C.1 — End reflection correction
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Annex D
(informative)

Simplified anechoic termination
As seen in 8.1, it is essential to have an anechoic termination at the end of each duct, even on terminating

ducts in which no sound measurements are made. Table 4 specifies the maximum permissible values for the
ore A . i LS o .

To {ulfil the maximum pressure reflection coefficient requirements, the termination of the test ducts should be
fully] anechoic. Guidelines for the design of such a termination are presented in Annex,E of 1SO|5136:2003.
For|terminating ducts, the requirements are less severe. Test have shown that the “following duct end
configurations, depending on the duct diameter d, could fulfil the maximum reflection coefficient values of
Tabje 4 for terminating ducts:

— |d = 1 600 mm: open duct end;
— 1800 < d < 1 600 mm: one cylindrical ducted silencer of 2d length (Rigure D.1);
— 400 < d < 800 mm two cylindrical ducted silencers in series©f 2d length (Figure D.2);

— |d <400 mm: full anechoic termination (see Annex E of [SO 5136:2003).

Figure D.1 — Ducted silencer (sectional view)

Figure D.2 — Ducted silencers in series
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Annex E
(normative)

Uncertainty analysis

E.1 General
The analysis of the uncertainty associated with measurements performed with this part of ISO 13347 provijdes
identification of certain critical points of the proposed method, so as to recognise the limitations of¢the’ resplts.
Furthermore, it provides an approximation, in real values, of the imprecision in the recorded results.
E.2 Definitions
Precision efror is an error which causes readings to take random values on either _side"of some mean valug.
Systematiclerror is an error that persists and cannot be considered as due entifely to chance.
Uncertainty| is an estimated value for the error, i.e., what we think apyerror would be if we could and| did
measure it py calibration. Although uncertainty may be the result of both“precision and systematic errors, pnly
precision efrors can be treated by statistical methods.
The uncertpinty in the researched value is described by spécifying the measured value followed by| the
uncertainty [interval at the desired confidence level:

W =m % w, at P confidence level
where

m is the measured value;

w is the uncertainty;

P copfidence level, expressedin %.
E.3 Uncertainties
The uncertjinties assogiated with measurements of power levels performed in accordance with the stangard
are room response~(E.4), fan operating points (E.5), instrument error (E.6) and RSS (E.7). Uncertainties
associated |withy duct-end corrections involve the accuracy of estimating the losses from orifice plates (E.8).
Other areag of.interest involve the use of full or one-third octave bands (E.9) and the problems associated jwith
testing and katirg+

E.4 Room response

A reverberant room is an appropriate place for measuring the acoustical power of a source emitting steady
sound power, such as a fan. However, the room shall be diffuse enough to produce a reverberant field.

When a sound source is operated inside a reverberant room, the sound waves are reflected by the walls, and
are propagated in all directions. If the paths of all the waves could be seen, we would notice a number of
repetitions (for example: the path followed by a wave reflected between two parallel walls). These particular
paths are called normal modes. The greater the number of normal modes, the better the sound dispersion
inside the room. The modes shall be sufficiently numerous in any measurement band so that the microphone
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traverse will serve to average the sound pressure. The number of normal modes in a given space increases
with frequency. Hence, it is usually more precise to measure higher frequencies. When the number of modes
are few, it helps to measure the sound in many locations and average the results. Two important sources of

error may affect the measurements taken in a reverberant room:

a)

b)

the error introduced by measuring the sound field at a limited number of points, and

variations of sound power with the source location.

Many sources radiate sound which is not entirely broadband, but contains significant discrete-frequency
components called, in common usage, pure tones. Some fans generate a pure tone at the blade frequency,

and sometimes at harmonic frequencies

In alreverberant room, these pure tones tend to excite certain modes, which will dominate allthé pthers. This
will hoticeably increase the variability of the pressure field, due to an insufficient dispersion-of-the isound field.
Corsequently, the precision of the results is reduced due to the inaccuracy of the sound pressure gveraging.
E.4{1 Broad-band measurement in a reverberant room

Bro@d-band sound is uniformly distributed in frequency, with relatively steady levels and with ng prominent
disgrete-frequency or narrow-band components. Measurements of broad-pand sound may be takgn in a room
qualified according to Annex A of ISO 13347-2:2004.

E.4{2 Pure tone measurement in a reverberant room

When a discrete-frequency component is present in the spectrum of a source, the spatial varidtions in the
souhd pressure level usually exhibit maxima separated by minima having an average [spacing of
appfoximately 0,81, where 4 is the wavelength correspofding to the discrete frequency of interest.

Thel| presence of a significant discrete-frequency.component in the noise produced by a source gan often be
detected by a simple listening test. If such a component is audible, or detectable by narrow-band gnalysis, the
qualification procedure described in Annex B.of ISO 13347-2:2004 is recommended.

If tHe room is not qualified for pure tone (measurement, the measurement uncertainty will most probably be
higher in the bands containing the blade passage frequency and its harmonics than if measured in a qualified
room. Typical uncertainties may havé .a magnitude of + 8 dB.

Dis¢rete-frequency components may be present in the spectrum, even when these componepts are not
audjble. A conclusion that no.discrete-frequency components are present can only be reached by performing
the fest described in E.4.3.

E.4{3 Test for discrete-frequency components

Thel following-procedure can be used to estimate the (spatial) standard deviation of the sound pregsure levels
prodluced by the fan under test in the room.

Selgct an array of six fixed mlcrophones (or a single mlcrophone at six posmons) spaced at Iea‘t A2 apart,

imterest, and

meetlng all of the requwements for microphone positions in Annex A of ISO 13347-2:2004. Locate the source

ata

Obtain the time-averaged sound pressure level, L

single position in the test room in accordance with Annex A of ISO 13347-2.

L at each microphone position according to the

described in Annex A.

techniques

For each one-third octave band within the frequency range of interest, calculate the standard deviation, s, from
the following equation:

12

Z:]:( pg L )
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