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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 gs 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 5136 wag prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This second gdition cancels and replaces the first edition (ISO 5136:1990), which has been technically re¢vised.
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This International Standard describes a procedure for the measurement of sound pressure levels in the inlet
or outlet ducts of a fan and a method to use these sound pressure levels to calculate the sound power levels

radiated by the fan to the duct system.

Annex A lists values of coefficients for the determination of the combined mean flow velocity and modal

corregtion. Annex B specifies two procedures for the determination of the signal-to-noise ratioof
turbulence. A computational procedure for the calculation of the A-weighted sound power level-f
octave band levels is given in Annex C. Annex D shows an example of the calculation ofythe co
flow velocity and modal correction.

The spund power radiated into a duct by a fan or other air-moving device dependsto some exte
of dugt, characterized by its acoustical impedance. For a measurement methadd) the test duct H
to be [learly specified. In this International Standard, the test duct is of ciretlar cross-section a
anechoically. Details of typical anechoic terminations are given in Annex E, The sound power o

sound versus
om one-third-
mbined mean

nt on the type
as, therefore,
nd terminated
btained under

these[special conditions is a representative value for actual applications, as the anechoic termination forms an

impedance about midway between the higher and lower impedanCes found in practice. The
radiated in actual applications can, in theory, be estimated from”data on air-moving devi
impedances. Since this information is at present incomplete,these effects are not usually

ign such that the sound pressure is well related to the sound power by the plane wave
able extent, even in the frequency range.in'which higher-order acoustic modes are possib

sound power
ces and duct
considered in

ng cylindrical
ed at a radial
formula to an
e.

The uncertainty of measurement (see Clauseé 4) is given in terms of the standard deviation to e expected if

the measurements were repeated in many/different laboratories.

The grocedures for measuring the operating conditions (performance measurements) are nd
detail jin this International Standard- The operating conditions are specified in ISO 5801.

This Ipternational Standard-js”one of a series specifying different methods for determining the
levels|of fans and othercair-moving devices.

In general, the sourd powers radiated from a fan inlet or outlet into free space and into a dug
because of the eflection of sound energy at the fan inlet or outlet plane when there is no conne

t specified in

sound power

t are different
ted duct. The
pwer radiated
tlet should be
d (ISO 3744,
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INTERNATIONAL STANDARD

ISO 5

136:2003(E)

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

1 SYcope

1.1 |General

This International Standard specifies a method for testing ducted fans and other” air-movin
determine the sound power radiated into an anechoically terminated duct on the_ihlet and/or out
equipment.

NOTE|1 For the sake of brevity, wherever the term “fan” occurs in the text, it means “fan or other air-mo

The method is applicable to fans which emit steady, broad-band, narrow-band and discrete-fre

and tq
Test n
and |,

The npaximum mean flow velocity at the microphone_head for which the method is suitable de

type o

fa

n

n

Abovsg
be ing

It is 6
accor

straigintener on the outlet side of the fan which will minimize swirl (see 7.3). Where it is permis

the st
methd
Anney

air temperatures between — 50 °C and + 70 °C. The test duct diameter range is from 0
hethods for small (d < 0,15 m) and large (d > 2 m) test ducis are described in the informati
respectively.

f microphone shield used, and is as follows:

am ball 15 m/s;
Dse cone 20 m/s;
bmpling tube 40 m/s.
these values the suppression of turbulent pressure fluctuations by the microphone shield

ufficient.

xpected that sodnd power tests will be conducted in conjunction with airflow perform

raightener-as, for example, with large fans to installation category C according to I1ISO 5
d is limited’to a swirl angle of 15°. (An example of a method for determining the angle of s
J.)

g devices to
let side of the

ing device”.
uency sound

,15m to 2 m.
e Annexes H

pends on the

see 3.9) may

ance tests in

flance with 1SQ.5801. The ducting arrangement will therefore normally incorporate a “star” type flow

sible to delete
B01:1997, the
wirl is given in

NOTE

i defined in 1SQ 5801 imply that the fan is either ducted on the

utlet side only

(category B), on the inlet side only (category C) or on both sides (category D).

1.2

Types of sound source

The method described in this International Standard is applicable to a sound source in which a fan is
connected to ducts on at least one side. It is also applicable to other fan/attenuator combinations or equipment
incorporating fans which can be considered as “black boxes”.

Examples of fans and other equipment covered by this International Standard are

ducted centrifugal fans,

ducted axial flow fans,

© 1SO 2003 — Al rights reserved
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— ducted mixed-flow fans,

— ducted air-handling units,

— ducted dust-collection units,

— ducted air-conditioning units, and

— ducted furnaces.

This Internatlonal Standard is aIso applrcable to other aerodynamrc sources such as boxes, dampers and

ratio of sound pressures to turbulent pressure fluctuations in the test ductis at least 6 dB (see 7.21)

An alternativg method to determine the sound power level of the flow-generated noise of such aerody

namic

sound sourcgs, which does not require the measurement of sound pressure in a flow)environmegnt, is

described in |SO 7235. The method was originally devised for the determination of the flow noise Ig
ducted silenckrs. The sound power is determined in a reverberation room connected-to-the test duct
transition elerment.
In the case of ducted fans with closely coupled attenuators, the signal-to-noisé_ratio of sound pressu
turbulent pregsures may be insufficient when using the in-duct method. Therefore the method descri
ISO 7235 is recommended for such fan/attenuator combinations.

This Internatipnal Standard is not applicable to non-ducted fans or equipment.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
references, gnly the edition cited applies. For undated references, the latest edition of the refen
document (in¢gluding any amendments) applies.

ISO 266, Acolstics — Preferred frequencies

ISO 5801:1997, Industrial fans — Performance testing using standardized airways
IEC 60651:2001, Sound level meters

IEC 60942:1997, Electroacofistics — Sound calibrators

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

3 Terms,|definitions and symbols

vel of
via a

res to
bed in

dated
enced

For the purpose of this document, the following terms and definitions apply. The symbols are given in Ta

3.1

fan inlet area

St1

surface plane bounded by the upstream extremity of the fan

ble 1.

NOTE 1 The inlet area is, by convention, taken as the gross area in the inlet plane inside the casing. No deduction is

made for motors, fairings or other obstructions.
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NOTE 2  Where motors, fairings or other obstructions extend beyond an inlet or outlet flange at which the performance
for ducted installation is to be determined, the casing should be extended by a duct of the same size and shape as the
inlet or outlet and of sufficient length to cover the obstruction. The test airway dimensions should be measured from the
plane through the outermost extension of the obstruction as if this were the plane of the inlet or outlet flange.

NOTE 3  The fan inlet area is expressed in square metres (m2).
NOTE 4  Adapted from ISO 5801:1997.

3.2

fan outlet area

Stz

surfade plane bounded by the downstream extremity of the fan

NOTE|1 The outlet area is, by convention, taken as the gross area in the outlet plane inside theccasing. No deduction is
made for motors, fairings or other obstructions.

NOTE|2 Some free-outlet fans without casings have no well-defined outlet area. For the ‘purpose of getermining the
fan's dynamic pressure, a nominal area may then be defined and stated, e.g. the area within'the ring of a pfopeller wall fan
or the fircumferential outlet area of an open-running centrifugal impeller. The correspohding fan dynamic pfessure and fan
pressyre will also be nominal and should be so described.

NOTE|3  The fan outlet area is expressed in square metres (m?2).
NOTE|4  Adapted from ISO 5801:1997.

3.3
ducts|
any of the airways defined in 3.3.1, 3.3.2 and 3.3.3

3.31
test duct
duct ip which the fan sound power is measured

NOTE The test duct has an anechoic termination.

3.3.2
terminating duct
duct gpposite to the test dugct, if both sides of the fan are ducted

NOTE The terminating.duct has an anechoic termination.
3.33

intermediate duct
duct fitted on‘the intake side and on the discharge side of the fan to ensure desired flow conditiofs

NOTE The intermediate duct connects to the test duct or the terminating duct, if necessary by a transition section
(see Figure 7).

34
measurement plane
radial plane in the test duct in which the microphone diaphragm is located

3.5
sound pressure level
L,
pz
L, =10lg— dB (1)
Po

© 1SO 2003 — Al rights reserved 3
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where p is the root mean square value of the sound pressure and the reference sound pressure p is equal
to 20 puPa

NOTE 1 The width of a restricted frequency band should be indicated, for example, octave-band sound pressure level,
one-third-octave-band sound pressure level.

NOTE 2 Ly Ly and Lare the sound pressure levels at each of the three measurement positions in the test duct.

L ,m is the spatially averaged sound pressure level obtained from averaging over the measurement positions in the test
duct. It may also be obtained from a continuous circumferential traverse (see 7.2.4).

Zis the spatially averaged sound pressure level at the measurement plane, corrected for the combined free-field
response C (see Table 1 and 8.1).

NOTE 3  The sound pressure level is expressed in decibels (dB).

3.6
sound power level
Ly
Ly =10jg~- dB (2)
Py

where P is thg sound power and the reference sound power Py is equal to<¥ pW

NOTE 1 The¢ width of a restricted frequency band should be indicated, for example, octave-band sound power level,
one-third-octave-band sound power level.

NOTE 2  The sound power level is expressed in decibels (dB).

3.7
fan sound pgwer
sound power fadiated into the test duct by the fan

3.8
frequency bgnd range of interest
one-third-octgve bands with centre frequencies between 50 Hz and 10 000 Hz

NOTE Fof information only, the frequency range of interest may be extended up to 20 000 Hz. For fans which fadiate
predominantly high- or low-frequency\sound, the frequency range of interest may be limited in order to reduce the qosts of
the test facilitiep and procedures.The limits of the restricted frequency range shall be given in the test report.

3.9
microphone shield
device designed tosprotect a microphone placed in a moving airstream from self-generated wind noige and
turbulent pregsurefluctuations

NOTE 1 See Clause 4, Note 5.
NOTE 2  The three types are listed in order of preference in 3.9.1, 3.9.2 and 3.9.3.

3.91

sampling tube

turbulence screen

metal tube with a longitudinal slit, covered by a porous material within which the microphone is positioned,
designed to reduce the response of the microphone to self-induced wind noise and to turbulent pressure
fluctuations of the air pressure within the duct

See Figure 1.

4 © ISO 2003 — Al rights reserved
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NOTE 1 The sampling tube is the preferred microphone shield for measurements according to this International
Standard.

NOTE 2 To minimize self-induced wind noise, the outer surface of the tube should be smooth and free of any
discontinuities (see Figure 1). The slit and covering of the sampling tube should be designed to reduce the response of the
microphone to turbulent pressure fluctuations in the air stream emanating from the fan being tested.

1 5 L 2 3 L 5

Key

1 ngse cone

2 slij-tube

3 microphone

4 sl

5 pdrous material

Figure 1 — Schematic of a sampling tube for.ay13 mm (1/2 inch) microphone

3.9.2
nose cone
microphone shield designed to substitute the normal protection grid of the microphone and used in high-
velocity air flows with low turbulence and little swirl having a streamlined shape with the least possible
resist@ance to airflow and a fine wire mesh around its periphery allowing sound pressure transmission to the
microphone diaphragm, whilst a truncated-eone behind the mesh reduces the air volume in form of the
diaphfagm

See Fjgure 2.

Figure 2 — Schematic of a nose cone
393
foam pall

ball of open-pored foam with a cylindrical hole of appropriate diameter for insertion of the microphone and
preamplifier, designed not to affect the directivity of the microphone

See Figure 3.

Figure 3 — Schematic of a foam ball

© 1SO 2003 — Al rights reserved 5
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3.10
frequency range of plane-wave sound propagation in a duct with circular cross section
frequencies, in hertz, below the cut-on frequency of the first cross mode, f; (5, as given by

2
_ < L (U
f1’0_0’586D 1 (CJ (3)

where

¢ is the speed of sound, approximately 340 m/s;

D is thl duct diameter, in metres;

U is thé mean flow velocity, in metres per second.

Table 1 — Symbols

C, correction in decibels supplied by the manufacturer to be added, to.the calibrated microphone
response to obtain the free field response.

C, frequency response correction in decibels of the sampling\tube microphone shield at normal
incidence to be added to the calibrated microphone response. (See 5.3.3 and 5.3.4.)

C34 combined mean flow velocity and modal correctionyin decibels for the frequency response
required by the use of the sampling tube microphone*shield. (See tables in Annexes A, H and I.)

C=Ci+ Gyt Gy combined frequency response correction, expressed in decibels.

speed of sound in the test duct, in metres'per second.

o

U mean flow velocity in the test duct, infmetres per second.

P fluid density, in kilograms per cubjc'metre, in the duct.

d diameter, in metres, of the_fan inlet (d,), fan outlet (d,), test duct (d; and dg in Figlre 5),
intermediate ducts (d,),.terminating ducts (dg in Figure 6 and d, in Figure 7).

/ length of the ducts @nd transitions (see Figures 5 to 7).

r radial distance,-in'metres, from the test duct centreline to the microphone centreline.

T3 dimensionless) pressure reflection coefficient defined as the ratio of the sound prgssure
amplitude-of the sound wave reflected from the anechoic termination to the sound pressure
amplitude of the incident wave.

b h cross dimensions, in metres, of the rectangular fan inlet or fan outlet.

N cfoss-sectional areas of ducts or duct sections, in square metres.

NOTE 1  In th¢ first'edition of ISO 5136 (1990), two correction terms C, and C, were used to account for the effect of the flow gnd the
modal distributign‘in_the sound field on the response of the sampling tube. In the present edition, these two effects are incorporpated in
the new combined correction term Coae

NOTE 2 U< 0 for inlet side measurements; U > 0 for outlet side measurements.

6 © ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=0388fa824d94c70904fb34a2bca237c7

ISO 5136:2003(E)

4 Uncertainty of the measurement method

Determination of sound power made in accordance with this International Standard will tend to result in an
uncertainty of sound power level given in terms of the values of the standard deviation of reproducibility given
in Table 2. The standard deviations given in this table reflect the cumulative effects of all causes of
measurement uncertainty such as source location, duct end reflections, duct transitions, instrument calibration,
sound pressure to sound power computing and sampling errors. The standard deviations given in the table
are those which would be expected if the measurement of a single fan were repeated in many different
laboratories. They do not include variations in the sound power radiated by the fan itself caused, for example,
by changes in the mounting arrangements. Care should be taken to obtain a specified time average in
accordance with the requirements laid down in 7.2.2.

Table 2 — Values of the standard deviation of reproducibility for the sampling tybe

One-third-octave band Standard deviation of
centre frequency reproducibility, o
Hz dB
50 3,5
63 3
80 to100 25
125 to 4 000 2
5000 25
6 300 3
8 000 3,5
10 000 4
NOTE The standard deviations given in Table 2 are
derived from information in references [3], [5] and [19].

The procedures of this International-Standard and the standard deviations given in Table 2 are applicable to
measyirements on an individual-piece of equipment. Characterization of the sound power levels|of batches of
equiprent of the same family ‘'or type involves the use of random sampling techniques in whigh confidence
intervals are specified, and\the results are expressed in terms of statistical upper limits. In gpplying these
techniques, the total standard deviation must be known or estimated, including the standard deviation of
produgtion as defined~in/ISO 7574-1, which is a measure of the variation in sound power odtput between
indiviqual pieces of 2equipment within the batch. Statistical methods for the characterization pf batches of
equipment are described in ISO 7574-3 and ISO 7574-4.

The measurement uncertainty may be lowered by careful construction of the test set-up, by eliminating
transilion ducts, and by use of more absorptive terminating ducts.

For a particular family of sound sources, of similar size and with similar sound power spectra, the standard
deviation of reproducibility could be smaller than the values given in Table 2. Hence, a test code for a
particular type of equipment may state standard deviations smaller than those listed in Table 2 if
substantiation is available from the results of suitable interlaboratory tests.

At high frequencies, particularly above 4 000 Hz, the standard deviation data quoted in Table 2 can
underestimate the actual standard deviations when the noise spectrum being measured decreases rapidly
with frequency. Under these conditions, the high-frequency sound pressure levels sensed by the microphone
can be of small magnitude compared with those at low frequencies, and electrical noise, particularly from the
frequency analyser, can interfere with the sound signal at these high frequencies. In order to achieve
reproducible determinations of sound power (with standard deviations in Table 2) it may be necessary to
repeat the high-frequency sound measurement by passing the microphone signal through a high pass filter
before it is analysed by the frequency analyser.

© 1SO 2003 — Al rights reserved 7


https://standardsiso.com/api/?name=0388fa824d94c70904fb34a2bca237c7

ISO 5136:2003(E)

NOTE 1  When octave-band sound power levels are calculated, the uncertainty of each octave-band level will not be
greater than that of the largest uncertainty of the three constituent one-third-octave bands.

NOTE 2 For a normal distribution, 68 % of all data lie within an interval = oy, and 95 % lie within  2o,.
NOTE 3  The uncertainty will increase in the presence of swirling flows.
NOTE 4  If discrete frequency components are present or if measurements are not averaged over a sufficiently long

period (see 6.2.2), the uncertainty will be greater than that indicated.

NOTE 5 A microphone exposed to high air velocity will give a falsely high reading. This is rectified by fitting a shield
such as a sampling tube, a nose cone or a foam ball. These are limited in their use (see 1.1) according to the mean flow
velocity. Whilst[the Toam ball iIs omni-directional and reduces the wind-generated noise in all directions, a nose conel has to
be aligned with the flow to reduce the wind-generated noise. Only the sampling tube, however, reduces thecfalse noise
generated by turbulent fluctuations of pressure to a sufficient degree. It is, therefore, the preferred solution(for-all [cases.
The uncertaintigs given in Table 2 refer to the sampling tube only and can be expected to increase for other shields.

NOTE 6  Thé¢ standard deviations listed in Table 2 are associated with the test conditions and procedures defined in this
International Sfandard and not with the noise source itself. They arise partly from variations_between measufement
laboratories in|[the geometry of the test facility, background noise, turbulent pressure fluctuations, and the type and
calibration of irfstrumentation. They are also due to variations in experimental measurement.techniques, including |spatial
averaging and |ntegration times.

NOTE 7 If several laboratories use similar facilities and instrumentation, the results ‘of sound power determinatipns on
a given sourcq in those laboratories may be in better agreement than would bé/inferred by the standard deviatlons of
Table 2.

Measurements above 10 000 Hz may be reported, but are not considered part of this International Stapdard.
The extrapolgted values of the standard deviation given in Table 3-are suggested.

Table 3 — Extrapolated values

One-third-octave band Standard deviation of
centre frequency. reproducibility, oy
Hz dB

12-500 4,5

16 000 5

20 000 55
5 Test fagilities and-instrumentation
5.1 General requirements
The test arrahgementshall-consist-ofthefante-betestedanintermediate—duectthetest-duetwith-anechoic

termination, and the instrumentation (see Figures 5 to 7). If a fan usually used with duct work on both sides is
to be tested, a termination duct with anechoic termination plus an intermediate duct shall be connected
opposite to the side on which the sound power is determined.

All connections between the fan and the ducts shall be firm, unless a vibration-isolating coupling is an inherent
part of the fan. The test ducts shall include provisions for mounting the microphone and sampling tube at the
locations specified in 6.2.

Suitable provisions shall also be made for controlling the desired operating conditions of the fan.

It is recognised that acoustic and fan performance measurements are to be performed at the same time, and

that the test arrangements of this International Standard and those of ISO 5801 should be in conformity. This
requires that the common part as defined in ISO 5801 be introduced at the fan inlet and/or outlet.

8 © ISO 2003 — Al rights reserved
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NOTE 1 The presence of the “star-type” flow straightener on the fan outlet side is necessary for the measurement of
the aerodynamic fan performance according to 1ISO 5801. However, the swirling flow entering the flow straightener may
generate excess noise at the microphone position which may or may not be of higher level than the sound pressure level
produced by the fan under test. On the other hand, without a flow straightener, the swirling flow around the measurement
microphone may generate excess flow noise which may or may not be of higher level than the sound pressure level
produced by the fan under test. For this reason, comparative sound measurements with and without the “star-type” flow
straightener in position are specified (see 7.3).

NOTE 2  Examples of designs of anechoic terminations and throttling devices are given in Annex E.

5.2 Duct specifications

5.2.1 | Construction of ducts and transitions
The ducts shall be straight, coaxial with the inlet or outlet of the fan, and of uniformly citcular gross section.
The ducts and transitions shall be manufactured either from steel having a minimum-thicknegs of 1 mm or
from @ material of equivalent mass per unit area and rigidity which ensures an acoustically hard and smooth
interigr surface.
The dpcts and transitions should preferably be treated with a vibration-damping material on the qutside.

NOTE This International Standard specifies test ducts with circular cro§s sections. Future Internatipnal Standards
may injolve ducts with other cross sections.

5.2.2 | Duct lengths

Duct Iengths shall be as specified in Figure 5.

5.2.3 | Duct cross-sectional area

The dyct cross-sectional areas shall be as specified in Table 4, where the inlet area S, or outlet prea S;, is the
area qn the side to which the respective dugct is connected.

Table 4 — Cross-sectional areas of ducts

Duct Cross-sectional area

min. max.

Intermediate 1.8k 1.8

Inlet side Test 1.8y 2,1 84
Terminating 1.8k 2,1 84
Intermediate 0,95 S;, 1,07 Sp,
Outlet side Test 0,7 S, 2,18,
Terminating 0,7 S, 2,18

5.2.4 Transition ducts
The test duct or terminating duct shall be coupled directly to the intermediate duct or, where there is a change

of cross-sectional area, indirectly by means of a transition duct. The diameter ratio of the transition shall lie
within the limits specified in Table 4.

© 1SO 2003 — Al rights reserved 9
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For acoustic reasons (see references [9] and [26]), the length of the transition shall be such that the minimum
length of transition, /.., conforms to

min’
lmin :ﬂ_1 (4)
10 Ss
where
lo =1 m;

S, s thelarger area;

S,

s is the smaller area.
For aerodynamic reasons, the outlet transition shall have an included or valley angle not excéeding 15°.
The longer length as determined by the two criteria shall be used.

NOTE The valley angle of a transition is the angle « in Figure 4.

Figure 4 — lllustration of the valley angle

5.2.5 Termihating'duct

to be
outlet
be in
accordance with Figures 5 to 7. The minimum length shall be one diameter or 1 m, whichever is the greater.

A transition piece complying with 5.2.4 may be fitted between the intermediate duct and the terminating duct.
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5.2.6

In all ¢
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measurement (schematic)

anlechoic termination (schematic)
measurement plane

ical or rectangular-to-round transition

anlechoic termination (schematic)

ottle (schematic)

e figure is drawn for circular duct cross sections. In the case of a rectangular duct cross section,
hy.

e figure is drawn for circular duct cross sections. In the case of agectangular duct cross section,
hy.
2

Fan is installed according to installation category D as defined in ISO 5801:1997.

Figure 5 — Test arrangement for simultaneous measurement of inlet and outlet in-du

Requirements for duct dimensions

ases, [o=1m.

b undisturbed flow conditiens-at the measurement plane.

6d3 6dg
b > max. lg = max.
4m 4m
> max 4 l e = max 4dg
m3 = V2 m mé = T2m

the dimensions

the dimensions

ct noise

stance between the entry plane of the test duct and the measurement plane should be Igng enough to
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For circular fan inlet, d4
dy<d3<21d

I1=ds

d3

3,8(d3 —dy)

/34 =max.
[(d3/d1)2 -1}10

For circular fan outlet, d,
i)

0,95<| —*| <107
dy

lo4 =max.

2
(—j -1 ZO |fd4 >d2

-Th

S
N

s
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For rectangular fan inlet, b4 x A4

by xh1<%d§ <21(byxIy)

4b4h4
l4=
T
dp
38‘\/b2+h2 -d ‘
[34=max. ! 3

2
_Ttd3 _1 lo
b4

For rectangular fan outlet, b, x h, where-by> h,

0,95(b, xhz)s%

2

[ 2 2
124 > max. 3,8‘ b2 +/’l2 d4‘

2
{ nd —1}0 when %df > boh

4bohy

ﬂ:d4

d2 <1,07(by x hs)

d4 When1<b2 S%hz

0,75(2—2]d4 when b2 = %hz

{4’7222 —1}0 when bohy > %df

For circular and rectangular fan outlet

o,7<[d—6 <21
da
3,8(dg—dy)
146>maX. d6 2 ford6 >d4
L A
dy
38(dy=dg)
lgg=max.||(dy 2 fordy > dg
240 1,
6

12
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$d,

a) Installation category D (simultaneous measurement of aerodynamic performance possible)

®d,

+
7

b) Installation category D

c) Installation category C

NOTE[1  All dimensions are as for Figure 5 except for /g: I > dg and > 1 m.

NOTE|2 Flow,eontrol is at the inlet.

NOTE[3 | Faninstallation categories are as defined in ISO 5801:1997.

NOTE|4*~") See Figure 7 for identification of items.

Figure 6 — Test arrangement for measurement of inlet in-duct noise only
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10 6 2 1 9
<
® %%
X X
| é N AIA'”!.
1 2.7, I e I et i —— 1
| T — A
d3
3
IA 8 3 5
a)| Installation category D (simultaneous measurement of aerodynamic performance possible)
2
‘ .
= 11
8
b) Installation category B
Key
1 direction of flow 7  pressure taps
2 fan 8 . \star-type (Etoile) flow straightener
3 transition duct 9\ ~“anechoic termination for test duct
4  intermediafe duct 10 anechoic termination for terminating duct
5 testduct 11 throttle
6 terminatind duct
NOTE 1  Alldindensions are as for Figure 5 except for /5. I3 > 4dy and > 1 m.
NOTE 2 Flow control is at the outlet.
NOTE 3  Fan installation categories are as defined in ISO 5801:1997.
Figure 7 — Test arrangement for measurement of outlet in-duct noise only
14 © 1SO 2003 — Al rights reserved
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5.2.7

Anechoic termination

ISO 5136:2003(E)

Table 5 shows the maximum permissible values of the pressure reflection coefficient of the anechoic
ation, r,, when a throttling device or a flow measurement device is installed.

termin

LA-1)

Table 5 — Maximum permissible values of the pressure reflection coefficient of

the anechoic termination

NOTE
coeffic

5.2.8

An ad
from f
sectio
sound

The t
gener
duct fi

One-third-octave-band Maximum pressure reflection coefficient
centre 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 1  An open duct end of 1,6 m diameter fulfils the maximium pressure reflection coefficient
requirements for terminating ducts.

NOTE 2 The anechoic termination for the termination duct is needed only to establish a
basically non-reflective acoustic load impedance; ho\Sound pressure measurements are to be
made in the terminating duct. Therefore, the maximum permissible pressure reflection coefficient
of the anechoic termination of the terminating duetis greater than that of the test duct.

Throttling device

power of the fan!

om thesfan.

Suggs

sted throttling arrangements are shown in Figure E.8.

Guidelines for the design of the aneghoic terminations and a method for measuring the pre
ent of the termination are given in Annexes’E and F.

ustable throttling device [ if)jnecessary, shall be provided at the end of the anechoic termi
he fan. No other throttle shall be placed between the fan and the anechoic termination.
h shall provide control to adjust the operating conditions under which it is desired to

hrottling device and the anechoic termination shall be so designed that the sound g
bted in thie test duct by the throttling device is a least 10 dB below the sound pressure le

bsure reflection

nation remote
The throttling
letermine the

ressure level
vel in the test

5.2.9

Flow straightener

To reduce the swirl energy at the outlet of the fan, a flow straightener should be mounted upstream of the test
duct (see Figure 7). The flow straightener is of cylindrical cross section with an internal diameter equal to that
of the intermediate duct, diameter d,, and an axial length of twice the internal diameter. The flow straightener
consists of eight equally spaced radial vanes (“star-type” flow straightener as specified in ISO 5801). The vane

thickn

ess shall not exceed 0,007 dj,.
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5.3 Instrumentation
5.3.1 Measuring system

5.31.1 Microphone

A microphone of a sound level meter complying with the requirements for a type 1 instrument as specified in

IEC 60651:2001 shall be used.

5.3.1.2 Microphone cable

The microphcjne/cable system shall be such that the sensitivity does not change with temperature in the
prevailing duiing the test. Cable flexing arising from either microphone traversing or from airflow-acro
cable shall ngt introduce noise which interferes with the measurements.

5.3.1.3  Sound level meter or other microphone amplifier

The sound leyel meter or other amplifier used to amplify the microphone signal shall-coenform to the elg
requirement fpr a type 1 sound level meter as specified in IEC 60651:2001.

5.3.2 Frequeency analyser

A one-third-o¢tave-band filter set complying with the requirements of IEC.61260 shall be used. The filte
centre frequencies shall be those tabulated in ISO 266.

5.3.3 Sampling tube

5.3.31 he sampling tube is designed to reduce the-turbulent pressure fluctuations at the measur

positions suffjciently to maintain the signal-to-noise ratio specified in 7.2.1. Design details for fabrica

suitable sampling tube are given in Annex G. Typical-values of the turbulence noise suppression obta

with a well-designed sampling tube are given in Table G.1.

5.3.3.2 he sampling tube and its use shall comply with the following requirements.

a) In a swirlree flow, the turbulence/noise shall be suppressed by at least 10 dB in the frequency ra
interest §s compared with a nose cone. The actual values of turbulence noise suppression as a fu

of frequency and mean flowCvelocity shall be known in order to determine the signal-to-noise re
specified|in 7.2.1 (see alsa’Annex B and Table G.1).

b) The maximum diametef, of the sampling tube shall be 22 mm.

range
5s the

ctrical

band

ement
ting a
inable

nge of
nction
tio as

terest

c) The freqiency response correction C, of the sampling tube for each one-third-octave band of ir
shall be determined to within + 0,5 dB in a plane-wave field incident axially from the front. If te
carried outCin ‘a free field, a minimum distance of 3 m between the loudspeaker and the samplin
being te intat iti f i

be at the mid-point of the sampling tube length. See Figure 8. An individual calibration measurement is

necessary for each sampling tube to be used.

The equation for calculating C, from such measurements is
where

L, is the sound pressure level measured with the microphone in the sampling tube;

2

()

L » is the sound pressure level measured with the same microphone placed at the reference position.
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A manufacturer's individual calibration curve, obtained in compliance with the requirements for the frequency
response correction, may be used. It is essential that the frequency response correction curve be smooth. In
any one-third-octave band of interest, the frequency response curve shall be smooth to within + 3 dB when
measured with an analyser with a bandwidth of 25 Hz or less.

The porous part of the sampling tube should be clean and undamaged because it affects the frequency
response correction C,. When the tube is used in dusty environments, its frequency response changes, and
frequent calibration is advisable.

Dimensions in metres

v
w

[rube

g S i

([rube)/z ['.

Key
1 loudspeaker
2 sampling tube
3  microphone
4 reference position of microphone diaphragm
liube iS[the length of the slit.

Figure 8 — lllustration of the reference microphone position
5.3.3.8 The directivity of the sampling-tube, when measured in a free field with broad-thand noise of

one-third-octave bandwidth, shall be within:the limits given in Figure 9.
Curves illustrated in Figure 9 are given by the following equation:

1

AL=20Ig 3
1+ fin xK x4

dB for 0 < 8 <1,31rad (75°) (6)

wherg

AL is the reduction of sensitivity, in decibels, at an incidence angle 8 compared with incjdence axially
from the'frent [0= 0 rad (0°)];

K| is the-directivity constant;

i ~is\the centre frequency of the one-third-octave band, in hertz,

ib ti I dllgic Uf illbiu‘cllbc, iII Idulidllb.

The limiting values of the directivity constant K are given in Table 6.

Table 6 — Limiting values of the directivity constant K

One-third-octave-band Kin K inax
centre frequency
Hz 1073 1073
1000 0,35 1,5
2000 0,35 1,5
4 000 0,35 2,2
8 000 0,35 2,2
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A manufacturer's statement that the sampling tube directivity is within the limits specified by Figure 9 may be

used.

5.3.3.4 Values for the mean flow velocity-modal correction C;,4 can be calculated with the following

equation as a function of the mean flow velocity U (see references [24] and [25]):

C3’4 =ayp +a1U+a2U2 +a3U3 +a4U4 +a5U5 +(16U6 +a7U7 +a8U8 +a9U9 +a10U10 (7)
where U < 0 for inlet-side measurements and U > 0 for outlet-side measurements.
The values of the coefficients ag to a4 shall be taken from Tables A.1 to A.6.
NOTE In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), valuésyfor the
coefficients a, pre given for the range of flow velocities covered by this International Standard, i.e. |U] <48/ plus, for
information onlly, for an extended range, |U| < 60. Also for information only, values are given for an extended frequency
range 12 500 Hz to 20 000 Hz for flow velocities |U] < 40. As an example, C; , is calculated in Annex D.fana test dyct with
a diameter 4 = P,5 m for three flow velocities. ’
0, rad 0, rad
0 n/6 /3 0 /6 /3
1000 Hz % 2 000 Hz
10 \<(< %%*
-20
m
T -30
-
<
0
4 000 Hz 8 000 Hz %
-10 P q
-30 X
. X
©
-
<
Figure 9 — Limiting curves for the directivity of the sampling tube
(broad-band noise of one-third-octave bandwidth)
5.3.4 Nose cone and foam ball
5.3.4.1 In many cases of low duct air velocity, the turbulence levels may be sufficiently low to permit the

use of a nose cone or foam ball. The sampling tube limits to a greater extent the apparent sound pressure
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level caused by turbulent pressure fluctuations in the airstream (which are not propagated as noise). These
pressure fluctuations are most likely to cause over-estimation of fan sound in the frequencies covered by the
63 Hz and 125 Hz octave bands. The sampling tube is the preferred device when these bands are of
importance.

5.3.4.2 The frequency response correction C, of the nose cone or the foam ball for each one-third-octave
band of interest shall be determined to within £ 0,5 dB in a plane-wave field incident axially from the front. If
tests are carried out in a free field, a minimum distance of 3 m between the loudspeaker and the microphone
shield being tested shall be maintained. An individual calibration measurement is necessary for each shield to
be used. Alternatively, an individual manufacturer's current calibration curve, obtained in compliance with the
requirements for the frequency response correction, shall be used.

5.3.4. I'he nose cone and Toam ball combinations are treated as omni-directional.

Data for the combined mean flow velocity and modal correction C3 4 are not available for\the npse cone and
the foam ball. The corrections for these omni-directional microphone shields are estimated‘to be negative and
of smpll magnitude and are, therefore, considered to be independent of frequencyfor the pufposes of this
Interngtional Standard. For swirl-free flow, this correction is a function of the mean flow velocity according to
the following equation (see references [24] and [25]):

1

d34=10g——— dB (8)
U
%)
C
where
U is the mean flow velocity;

U< 0 forinlet-side measurements;
U>0 foroutlet-side measurements;
c is the speed of sound (underjnormal conditions, ¢ = 340 m/s).

With this simplification, the sound.power level obtained by using the nose cone or foam ball is expected to be
higherf than the true sound powerievel.

5.3.4.4 The cross-segtional area of the foam ball shall not exceed 10 % of the cross-sectional area of the
duct.

5.3.5 | Graphic levélrecorder or other read-out devices

Graphjic levelkrecorders and other read-out devices shall comply with the requirements for a typg 1 instrument
as specifieddn IEC 60651:2001.

5.3.6 Multiplexing system
If the procedure outlined in 6.2.2 b) is used, the multiplexing system shall be qualified such that the resulting

sound pressure level is within + 0,5 dB of the true energy-equivalent average of the individual sound pressure
levels throughout the frequency range of interest.

5.4 System calibration
A sound calibrator of class 1 according to IEC 60942:1997 shall be applied to the microphone without the

sampling tube to check the calibration of the entire measuring system before and after each series of tests.
The calibrator shall be recalibrated annually.
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6 Test arrangement

6.1 Sampling tube mounting

The microphone with the sampling tube shall be mounted in the test duct in the measuring plane as shown in
Figure 5. The sampling tube shall be vibration-isolated from the test duct wall to prevent structure-borne noise
from reaching the microphone through the probe support. A tail may be needed on the microphone probe,
behind the support arm, extending away from the turbulence screen.

The microphone with the sampling tube shall be mounted securely in an axial direction, aligned to within + 5°
of the test duct centreline and pointing toward the fan. For fan inlet measurements, the sampling tube shall
point toward fhie Tan, but the microphone end of the tube shall be rounded. The mounting shall iniroduce a
minimum of ajrflow noise and, insofar as possible, the microphone cable shall be kept out of the airstrea

NOTE Schematic drawings of typical mountings are given in Annex G.
6.2 Microphone position

6.2.1 Radia] microphone position

The microphgne shall be mounted at the radial positions given in Table 7 _and shown in Figure 10 (r|is the
radial distancg from the duct axis).

Table 7 — Radial positions of the microphone

Values in metres

Test duct diameter Relative radial*position from the duct axis
d 2 r/d
Miecrophone with Microphone with foam
sampling tube ball or nose cone
0,15<d<0,5 0,8 0,5
05<d<?2 0,65 0,5
NOTE The given radial-positions ensure a good estimate of the sound power from the
measured sound pressure.

6.2.2 Circumferential pasitions

At the radial positions.specified in 6.2.1, a circumferential mean value of the sound pressure level shall be
obtained by uging,ane of the following procedures.

a) A single 1
the cwcumference This may be ach|eved by flxmg the m|crophone ina short duct sectlon wh|ch can be
rotated in equal intervals.

b) Three or more fixed microphones are evenly distributed on the circumference. If the signals of these
microphones are to be averaged using a multiplexing system, they shall have the same type of sampling
tube fitted and their sensitivities shall be equalised to ensure that they have equal frequency response
corrections to within 0,5 dB.

¢) One microphone is moved with a continuous circumferential traverse at constant angular velocity through
one complete revolution.

If the porous part of the sampling tube consists of one slit only, this slit shall be located in the circumferential
direction opposite to the incidence of the swirl component. (See Figure 10.)
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Key
1 po
2  mi

NOTE

6.3

The €
acous

71

The o

7.2

7.21

ssible positions of the slit of a sampling tube
crophone
t duct

The slit should face away from the direction of the swirl component of the flow.
Figure 10 — Radial position of the;:microphone and microphone shield

Operating condition control equipment

quipment specified in 5.1 and 5.2.8\used to control the operating conditions shall not intg
tical measurements (see 7.2.1).

est procedure

Operating conditions

berating conditions shall be determined by the procedures which are specified in ISO 5801
Sound:pressure level readings

General

Measurements shall be made in one-third-octave bands within the frequency range of interest.

rfere with the

Sound pressure level readings shall be taken under the required steady-state operating conditions of the fan.
The sound pressure level readings in each one-third-octave band with the fan running shall be at least 6 dB
above the background noise levels. The background noise levels should be measured with the fan under test
inoperative . If the background noise level is less than 6 dB below the sound pressure level, the data shall be
reported as measured and no correction for background noise shall be made. A note shall be added that
states “Not more than 6 dB above the level of background noise, and no correction for background noise was

made’

The fan sound pressure level readings in each one-third-octave band shall be at least 6 dB above the level of
the pressure fluctuations which are associated with the turbulent flow in the test duct. One of the two
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procedures for determining this signal-to-noise ratio specified in Annex B shall be used. Where the fan sound
pressure level is less than 6 dB above the level of the turbulent pressure fluctuations, the data shall be
reported as measured and no correction for turbulent pressure fluctuations shall be made. A note shall be
added that states “Not more than 6 dB above the level of turbulent pressure fluctuations, and no correction for
turbulent pressure fluctuations was made.”

7.2.2 Sampling time

At each one of the three measurement positions described in 6.2.2 [see procedure outlined in a) or b)], an
energy-equivalent time-averaged sound pressure level shall be obtained. For frequency bands centred at or
below 160 Hz, the perlod of observatlon shall be at least 30 s. For the frequency bands centred at or above
200 Hz, the if the
measured solind varies with tlme The average sound pressure level shaII be recorded to the nearesty0,1 dB
for each one-third-octave band within the frequency range of interest.

7.2.3 Microphone multiplexing
If microphong multiplexing is used [see procedure outlined in 6.2.2. b)], it is only negeSsary to record the

temporally arld spatially averaged sound pressure level (energy-equivalent level) Lpm for each ong-third-
octave band within the frequency range of interest. The minimum averaging time shall be 30 s for each hand.

7.2.4 Continuous circumferential average

A circumferential traverse [see procedure outlined in 6.2.2 c)], if used; shall be such that the microphpne is
moved through one revolution in 30 s or more, at constant angular velocity, for each one-third-octave bapd.

7.3 Measurements with and without flow straightener on the outlet side

The presenc¢ of the flow straightener on the fan outlet' side is necessary for the measurement pf the
aerodynamic [fan performance according to ISO 5801."Fwo effects shall be considered when performipg the
sound measufement in the outlet duct:

a) the swirling flow entering the flow straightener can generate excess noise at the measurement station,
which mgy or may not be of higher levelthan the sound pressure level produced by the fan under test;

b) without a| flow straightener in place,the swirling flow around the measurement microphone can geperate
excess flow noise, which may. ‘or’may not be of higher level than the sound pressure level produged by
the fan upder test.

Both effects tend to increase.the measured pressure level over the sound pressure level produced by the fan
under test. Which of the twe effects is stronger, depends on the amount of swirl, the mean flow velocity|in the
duct, the micfophonesshield used, and the acoustic strength of the source under test. Therefore, the|outlet
duct noise shall be~measured with and without the star straightener in position. Of the sound pressurg level
readings taken, the lowest shall be considered to represent the true sound pressure in the test duct, fof each
one-third-octgve_band of interest.

The sound measurements with and without the flow straightener shall be made at the same operating point of
the fan. This may be achieved by setting the flow control device in such a way that the flow rate delivered by
the fan under test is the same in both configurations.

7.4 Inlet side measurements — Large fans: installation category D (according to
ISO 5801:1997)

For large fans (1 600 mm and larger) it may be difficult to carry out the tests with the standardized common
part on the outlet side, including the straightener. In this case, the fan performance may be measured with a
duct of 2D,, in length on the outlet side and restricting sound measurements to the inlet side. Results obtained
in this way can differ to some extent from those obtained by using common airways on both the inlet and
outlet sides, especially if the fan produces a large swirl.
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The hydraulic diameter of the fan outlet area, Sy, is given by

Dp =/Sga/n

8 Calculations

8.1

Average sound pressure level

Where measurements of sound pressure level are made at discrete positions (see 6.2.2), the average sound
pressure level, L, , in decibels, for each frequency band shall be calculated using the formula

1,=10 |gEZn:1o°'1Lpf] dB +C
i=1
wherg
n| is the number of measurement positions (at least three; see 6.2.2);
L}, is the time-averaged sound pressure level, in decibels, at the ith measurement position;

g

g

C4 shall be taken from the microphone manufacturer's data.

{ is the combined frequency response correction of the microphone sampling tube comb

given by the formula
C=C1+Cy+C3g4
here
4, is the microphone response correction;
b is the frequency response correction of the microphone shield;

3.4 is the mean flow velocity — modalcorrection of the microphone shield.

9)

ination and is

(10)

C, anfl C5 4 shall be determineg-in-accordance with the requirements of 5.3.3 and 5.3.4.
If micfophone multiplexing-(see 7.2.3) or a continuous circumferential traverse (see 7.2.4) is ysed to obtain
L ,m ,|the average sound préssure level for each frequency band is calculated from the formula

A, =L,m+¢€ (11)
8.2 [Sound:power level
The spund power level, Ly, in decibels, of the sound radiated into the test duct for each freqyiency band is
obtained by using the plane-wave formula

— S yole
Ly =L,+|10lg—-101Ig dB (12)
SO (pC)O
where
nd?
S = is the cross-sectional area of the test duct, in square metres;
Sy =1m2
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(pc), =400N-s/m*

The A-weighted sound power level of the sound radiated into the test duct shall be determined in accordance
with Annex C.

9 Information to be recorded

9.1 The following information, when applicable, shall be compiled and recorded for all measurements made
in accordance with the requirements of this International Standard:

a) adescrip

tion of the fan under test and its accessories;

b) the opers

c) the instry

d) typeofm
e) a descri
descriptid

f) acoustice
— circy

— corrg
of in

—  A-wg
g) any mutd

9.2 Unless
95 % shall be|

ting conditions;
mentation used (types, serial numbers, manufacturers, method of calibration);
icrophone shield used (sampling tube, nose cone or foam ball);

btion of the ducts used, including lengths and cross-sectional areas (or diameters
n of the anechoic termination(s);

| data
mferential positions of the microphone in accordance with options a), b) or ¢) given in 6.2.2

ctions Cy, Cy, C3 4 and sound power levels in one-third-octave bands within the frequency
erest, and

ighted sound power level, if required;
ally agreed options.

more specific knowledge is available, the expanded measurement uncertainty for a cover
recorded to be twice the standard deviation of reproducibility as given in Clause 4.

10 Information to be reported

The test repo
the requiremgq
decibels (with

Furthermore,

t shall contain the-statement that the sound power levels have been obtained in compliang
nts of this International Standard. The report shall state that the sound power levels are gi
the reference sound power being 1 pW).

the information from 9 a) to d) and 9 g) shall be given.

It is recommel

, and

range

hge of

e with
ven in

ded to include a statement on the measurement ||nr-pr’rain’ry in accardance with 9 2
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Determination of the combined mean flow velocity and modal
correction C3 4

Annex A
(normative)

For detailed information on the calculation of C; 4 see references [24] and [25].

ISO 5136:2003(E)

See Tjables A.1 to A.6 for the values of ;.
Taljle A.1 — Values of coefficients q, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 0,15m-< d < 0,2 n
a, dB-s'm™
S HE g a, ay ag ay | ag g 4y dag 9 a4
|Ul <60 m/s "
12 | S0 | 10w | 000
250p | 159 | S1% | 30%
o | oo 20 | 5 | o | e | e | e
oo [ @ | 280 | e | s | | 3 | e | |
|Ul <40 m/s
oo | oz | A | 20 | i | | | 30 | e | o
20 000 1'O+601 4'4§01 4'07802 N 7'77094 N 1'?34 1’2—506 1'67307 N 8'§§0 N 9'?171 22}13 2'27514
x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10 x 10

NOTE

Compute the value of C4 , from the approximation

10

C34(U)=2 aU’

i=0

Where an empty cell occurs in the table, the respective value of a; shall be taken as zero.

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

" In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a, are given for the range of flow
velocities covered by this International Standard, i.e. |U| < 40, plus, for information only, for an extended range, |U| < 60. Also for information only, values
are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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Table A.2 — Values of coefficients ¢, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 0,2 m <d<0,3m

a; dB-s'm™
f, Hz ag aj a as ay as ag az ag a9, aqg
|Ul < 60 m/s”
_500 | 270
<630 1, 10-02 |« 10-02
136 | 3,30
800 | 4001 | x 10-02
105 | 4,08
10001, 4901 | x 10-02
~d32 | 432 | 135
1250 | 4902 | « 10-02 | x 10- 04
sha | 492 | 1,89
1600 | 48-01 | x 10-02 | x 10- 04
580 | 3,01
2000 | 19 | 50|, 30 0
6,93 | 4,60
2500 | 101 | 5% |, Go os
A 900 | 873 | 413
3150 | 2p4 | q0-02 |« 10-04 | x 10-06
107 | 115 | -6,03
4000 | 388 | 10-01 |, 10-03 | x 10-06
120 | 2555 | 1,03 | =275
5000 | 40 | 40-01 |« 10-03 | x 10-95 | x 10-07
152 | 393 | -168 | —-6,36
6 300 5,64 «10-01 | x 10-03 | x 10-05 | x40~07
180 | 737 | —451.| -313 | 6,10 | 434
8000 | 6,85 | 40-01|x10-03 | x 1005} x 10-96 | x 10-09 | x 10- 10
229 | 117 | €827 | —921 | 252 | 300 | —262 | —3,39
10000 | 782 1 4001 | « 10-924-10-95 | x 10-06 | x 10-8 | x 10-99 | x 10~ 12 | x 10- 13
|U] <40 m/s
275 |<956 | -1,07 | 1,70 | 313 | 571
12500 | 904 1 40- 0107 10-02 |« 10-04 | x 10-95 | x 10-08 | x 10-09
6000 | 1P2 | 349 | 226 | -194 | ~460 | 105 | 374 | -233 | ~1,02
x 10+ 01 [ 001 | x 10702 [ x 10704 | x 1095 | x 10797 [ x 10-08 | x 10~ 11 [ x 10~ "
1he p 459 | 181 | —424 | -360 | 370 | 306 | -194 | -876 | 4,00
20000 | 4@+0¥| . qq-01 | 9002 4004, 40-05],40-07 |, 40-08| 4010 | 4p-12 |, 40 14

Where an empty cell occurs in the table, the respective value of , shall be taken as zero.
NOTE Compute the value of C, , from the approximation
1

C34(U)=2 aU’

i

o

Il
o

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

" In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a, are given for the
range of flow velocities covered by this International Standard, i.e. |U| < 40, plus, for information only, for an extended range, |U| < 60.
Also for information only, values are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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Table A.3 — Values of coefficients q, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 0,3 m < d<0,5m

a;, dB-si:m~
f,Hz | aq | a, | ay | ag | ay | as | ag | az | ag | ag | aq
Ul <60m/is”
~500 | 270
<400 | 40-02 | « 10-02
~391 | 313
500 |, 40-01 | x 10-02
R,'IQ Q‘Q?
630 1. 10-01 ]« 10-02
_478 | 357
800 | 10-01| x 10-02
—206 | 407
1000 | 10-01 | x 10-02
380 | 471 | 889
1230 1 10701 | % 10-92 | x 10-05
858 | 533 | 187
1600 | 10-01 | x 10-92 | x 10- 04
606 | 3,34
2000 | 158 | 5%, 5o
7,49 5,64 -3,11
2500 | 246 | q0-02| . 10-04 | « 10-06
864 | 906 | -439
310 1 351 | 4002 |« 10-04 | x 10-06
980 | 169 | -485 | — 145
4000 | 475 | 40-02 | 4 10-03 | x 10-96 | x(fp- 07
114 | 259 | 434|356
5000 | 562 | 10-01 | 10-03 | x 10~98/| x 10-07
144 | 317 | -685 | -6,10
6390 | 677 | 10-01{ x10-93 ' 10-06 | x 10-07
188 | 488)| —137 | —227 | —1,03 | 336
8000 | 809 | 15701, 16703 | x 10-05 | x 10-06 | x 10-99 | x 10~ 10
259 (1451 | -6,07 | —212 | 703 | 347
10000 | 992 | 40011 10-93 | x 10-95 | x 10-96 | x 10-09 | x 10~ 10
|U] <40 m/s
338 | 794 | -153 | —719 | 321 | 2,40
12500 | 9,847} 40-01 | % 10-03 | x 10-04 | x 10-96 | x 10-98 | x 10-09
6oho |08 | 447 | 942 | 461 [ 786 | 302 | 235 | 692
% 10*01 | x 10701 | x10-03 | x 1004 | x 1096 | x 1097 | x 1009 | x 10~ M
20000 | 40+ 01 | % 10-01 | x 10792 | x 10-94 | x 10-95 | x 10-97 | x 10-98 | x 10-10 | x 10~ 12

Where an empty cell occurs in the table, the respective value of a, shall be taken as zero.
NOTE Compute the value of C; , from the approximation

10

C34(U)=D aU’
i=0

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

" In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a; are given for the
range of flow velocities covered by this International Standard, i.e. |U| < 40, plus, for information only, for an extended range, |U| < 60.
Also for information only, values are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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Table A.4 — Values of coefficients «, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 0,5m <d<0,8 m

a;, dB-s'm™
f’Hzlaol‘H|"2|"3|a4|‘15|ae|a7|a8|a9|a1o
Ul <60m/s”
5,00 | 2,70
<250 | 40-02 | « 10-02
—6,50 | 2,89
315 1,10-01 |« 10-02
—436 | 3,01
400 1 qgmet oo
—d12 | 3,09
500 | 1¢-01 | x 10-02
8b2 | 324
630 |, 1902 | x10-02
goo | 1p3 | 357,
1000 | 15 | 359,
. 434 | 1,08
1 250 2,01 % 10_02 % 10_04
530 | 132
1600 | 3f18 | 9% | Yol
A 6,67 | 157
2000 | 3pa | ST | 1000
836 | 272
2500 | 412 | 5% | 2%
R 112 | 6,78 | -627
3150 | 44 | 10-01 |« 10-04 | x 10-6
130 | 129 | —874 | —%48
4000 | SA7 | 10-01 | x 10793 | x 10-06 | 40~ 07
153 | 1,91 | —147\] —2,80
5000 | 603 | 45-01 {1003 | x 10706'| x 10-07
184 | 237 | 999 | —3,93
6300 | 6P2 | 40-01 | 10-03[%10-95 | x 10-07
234 | 4222| —579 | 1,74 | 763 | 246
8000 | 8DT | 40-01 | «q0703 | x 10-05 | x 10-96 | x 10-09 | x 10- 10
296 {486 | —137 | —216 | 439 | 329 | —511
10000 18P0 |, 45 0pF 10703 | x 1094 | x 1096 | x 10-98 | x 10-10 | x 10~ 12
|U] <40 m/s
358 | 987 | -220 | —971 | 7,05 | 325
12500 | 9,57 % 10-01 | « 10-03 | x 10-04 | x 10-96 | x 10~ 98 | x 10~ 09
16000 | 105 | 450 | 157 | 500 [ 278 398 | 221 | 172 607
x 1001 [ % 10701 | x 10702 [ x 10794 | x 1095 | x 10707 [ x 1008 | x 10~ 10 | x 10~ 12
20000 | 117 | 558 | 170 [ —101 [ -293 | 140 | 226 | -909 [ -611 | 217
x 1001 [ x 10791 | x 10702 [ x 10-93 | x 1005 [ x 10796 | x 1098 | x10-10 [ x 10-12 | x 10~ 13

Where an empty cell occurs in the table, the respective value of a, shall be taken as zero.
NOTE Compute the value of C, , from the approximation

10
C34(U)= aU’
i=0

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

* In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a, are given for the
range of flow velocities covered by this International Standard, i.e. |U| < 40, plus, for information only, for an extended range, |U| < 60.
Also for information only, values are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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Table A.5 — Values of coefficients q, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 0,8 m < d<1,25m

a, dB-sim™
fiHz | 49 4 4 43 4y 45 46 4 dg a9 10
|Ul <60m/s”
~500 | 2,70
<160 | q0-02 | . 10-02
200 | 104 | 23,
—707 | 262
250 | 40701 | 4 1p-02
_560 | 287
319 | w1091 | x10-02
110 | 3,01
400 | «10-01 | x10-02
6,61 3,0
500 | w1091 | x10-02
63 | 134 | 3%,
800 1,92 X‘:”g,zoz
100p | 210 Xﬁ'gf’oz
1250 226 | ﬁ'gjoz
6,30 1,33
160D 250 | S | G
7,07 2,66
200D 300 | G | Soces
8,07 3,91
250D 370 | oz | LG
1,05 632 | -455
315p 45 1 1001 | x10-% | x 109
1,28 801 | —7.67
4.00p 5583 1 1001 | x 10~ 94|\ 10~
1,54 1,74 24 | —232
500p 6.00 | 10-01 | x30993 | x 1095 | x10-O7
1,92 233 | -311 | -394 | 269
630D | 688 | qoaf D109 | x10°%5 | x10°97 | x10°%9
237 425 | -596 | -178 | 7.91 2,57
8 00p 797 1 590701 | 10793 | x 10795 | x 109 | x10-9° | x 10-10
2,97 689 | -135 | -529 | 427 181 | -489 | —215
10000 | 8877y} L 4001 | x10-98 | x10-% | x10-% | x10-%8 | x10-9 | x10-12 | x 10-13
|Ul <40 m/s
3,59 971 | -222 | —955 | 7,20 3,21
1250004 7956 | 4001 | « 10798 | x10-%% | x10-9 | x10-08 | x 10-99
6000 | 105 451 156 | -509 | -2,76 | 3,97 219 | -111 | -6,00
x10¥01 [ x10°01 | x10792 | x107% | x10°95 | x10°97 | x1079 | x 100 | x 10~ 12
20000 | 117 5,60 168 | -102 | —288 | 142 222 | —929 | -598 | 223
x 10" | x 10701 | x107%2 | x 10793 | x 10795 | x10°% | x10°% | x 1010 | x10°"2 | x 10"

Where an empty cell occurs in the table, the respective value of a; shall be taken as zero.

NOTE

C3,4(U):ZaiUi

10

i=0

Compute the value of C4 , from the approximation

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

" In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a, are given for the range of flow
velocities covered by this International Standard, i.e. |U] < 40, plus, for information only, for an extended range, |U| < 60. Also for information only, values

are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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Table A.6 — Values of coefficients g, for the determination of the combined mean flow velocity and
modal correction C3 4 of the sampling tube for duct diameters 1,25m <d <2m

a, dB-s'm™
S Hz | g | a4 | ap | ) | ay | as | ag | az | ag | a9 | 9
|Ul < 60 m/s
- 5,00 2,70
<1001 qg-02 |, qq-02
—1,24 2,05
125 | . q0ro0 | 1002
-9,02 2,28
160 1 L 40-01 | x10-02
- 840 242
201 1o | <1092
-352 2,64
250 | qp0o1 | «q0-02
44 2,85
315 | L qh-01 | «10-02
3,02
400 1115 < 10-02
3,15
500 1p7 < 10-02
3,45
630 111 < 10-02
9,80 411
8001 4por | x10°02
4,53
1000 1p8 10.02
5,17
1250 187  10-02
6,08 1,33
1 600 2,31 « 10702 x 10704
7,08 2,39
2000 28 1002 | 1004
8,22 3,70
2500 359 < 10-02 | x 10-04
1,06 5,76 - 4,46
3150 | 4BT | 4001 | x10-04 | x 10=08
1,27 7,93 743
4000 ) 581 g0 01 | x10-% 10708
1,55 1,73 -127 | -2,32
000 1 3PS 1400t | « 3080 <1070 | x10°07
1,93 2,32 -310 | -3,93 2,62
6300 6B | 10-01 axA0-93 | x10-95 | x 10-97 | x 10-09
2,38 4,21 -6,04 | -1,77 8,08 2,56
8000 1 7PS | 400" | x10°% | x10°95 | x10°% | x10-%9 | x 1010
2,97 4,82 -1,36 | -2,16 4,31 3,31 - 4,96
10000 | 885 A1\770-01 | x10-93 | x10-% | x10-% | x10-% | x10-10 | x10-12
|U] <40 m/s
3,60 9,65 -223 | -949 7,24 3,18
12500 | 9,56 4001 | x10-03 | x10-% | x10-9 | x10-% | x10-0¢
16 000 1,05 4,52 1,55 - 5,11 -274 3,99 2,17 -1,12 | -5,96
x10°01 1 xx 1079 ] x10792 | x10°% | x10-% | x10°%7 | x10°%8 | x10°"% | x10°- "
20 000 1,17 5,61 1,67 -1,03 | -286 1,43 2,20 -934 | -593 2,24
x10*01 [ x10701 [ x10°92 | x10°93 | x10°95 | x10°% | x10°% | x10°"10 | x10°"2 [ x 10~ 13
Where an empty cell occurs in the table, the respective value of a; shall be taken as zero.
NOTE Compute the value of C, 4, from the approximation
10
C3,4(U):ZaiUl

i=0

where U is the mean flow velocity in metres per second. U < 0 for the inlet duct and U > 0 for the outlet duct.

*In the frequency range covered by this International Standard (i.e. 50 Hz to 10 000 Hz), values for the coefficients a, are given for the range of flow
velocities covered by this International Standard, i.e. |U| < 40, plus, for information only, for an extended range, |U| < 60. Also for information only, values
are given for an extended frequency range, 12 500 Hz to 20 000 Hz, for flow velocities |U| < 40.
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(normative)

136:2003(E)

Determination of the signal-to-noise ratio of sound vs. turbulent

pressure fluctuation in the test duct

B.1 General

Two procedures for the determination of the combined mean flow velocity are given inB:2
methqd described in B.2 is applicable only if the angle of swirl of the flow does not exceed |15°.

and B.3. The

B.2 Comparative procedure using a microphone fitted with a nose cone and a

micrpphone fitted with a sampling tube
This grocedure requires two measurements:
a) ophe using a microphone fitted with a nose cone, and

b) ohe using a microphone fitted with a sampling tube.

The method is based on the assumption that the sound: signal emitted by a noise source and
pressiire fluctuations excited by the flow at the microphone are mutually uncorrelated and on the
obseryation that there is a difference AL; betweefiUthe turbulence noise levels sensed by
microphone and by a microphone fitted with a sampling tube; this difference AL; has to be known
of mean flow velocity and frequency (see, for example, Table G.1).

The cpndition, stated in 7.2.1, specifying-that the sound pressure level reading shall be at lea
the leyel of turbulent pressure fluctuations (using the sampling tube) is equivalent to another

the difference between the readings\of‘a nose cone microphone and a sampling tube microph
exceed a limit AL which is @function of the turbulence noise suppression AL; of the 3
(see Table B.1).

max

the turbulent
experimental
a nose cone
as a function

5t 6 dB above
tondition: that
one does not
ampling tube

With the fan under test installed and operating, the following steps are necessary to check whether the signal-

to-noise ratio of sound ¥ersus turbulent pressure fluctuations in the test duct is at least 6 dB.

ep 1: Measure-the mean flow velocity in the duct at the specified radial position of the
icrophone~(see Table 7) and determine the turbulence noise suppression value AL, (for ¢
the manufacturer’s data or, for the sampling tube design shown in Figure G.1, from Table G

ep 2: Measure the C|rcumferent|ally averaged sound pressure Ievel in the duct (by usi

sampling tube
example, from

1).

g one of the

C (= Cy + Cy + C34) and record the result as L g7

elplaced at its

specmed radlal position (see Table 7), Qply the comblned frequency response correction

Step 3: Measure the circumferentially averaged sound pressure level in the duct (by using one of the
procedures described in 7.2.2 to 7.2.4) with a microphone fitted with nose cone placed midway between
the duct axis and the wall (2r/d = 0,5), apply the microphone response C, (see 3.9) and record the result
as L

pNC

Step 4: Check whether the difference between the circumferentially averaged sound pressure levels
obtained with the nose cone and the sampling tube (L ¢ —L,sT) is smaller than or equal to the
maximum allowable difference AL, given in Table C.1. If the difference (L ,nc — L ,s7) is larger than
ALax then the turbulence noise is less than 6 dB below the sound pressure level reading when using
the sampling tube.
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Table B.1 — Maximum allowable difference AL, between the sound pressure level readings of a
microphone fitted with a nose cone, L,NC s and of a microphone fitted with a sampling tube, L,sT,as
a function of the turbulence noise suppression AL; of the sampling tube

ALt ALmax = (LpNC _LpST)max

dB dB

10 5,1

11 5,9

12 64

13 7,6

14 8,5

15 9,4

16 10,3

17 11,3

18 12,2

19 13,2

20 141

21 15,4

22 16,1

23 17,1

24 18,1

25 19

NOTE For a minimum signal-to-naise ratio of sound to turbulent pressure
fluctuations of 6 dB.

B.3 Procegdure using a silencer
This procedufe requires, for the\relevant operating condition of the fan, two determinations of the ayerage
sound pressyre level L, , calCllated in accordance with 8.1, for each frequency band using a microphone
with a samplipg tube. For the first determination, the test duct as specified in this International Standard shall
be used. Forf the second-determination, that part of the test duct which lies between the fan and the
measuremen{ plane .is.replaced by a silencer which has the same cross-sectional area and the same |ength
as the replaged part of the test duct. The silencer shall have an insertion loss of at least 10 dB for each

frequency bavrd ofvinterest (see ISO 7235).

The requirement for the minimum signal-to-noise ratio of the sound vs. turbulence pressure fluctuations of
6 dB (see 7.2.1) is fulfilled if the average sound pressure level determined using the silencer is at least 5 dB
below the level determined without using the silencer. This condition shall be met for each frequency band of
interest.

B.4 Procedure based on coherence

This procedure is applicable only to the frequency range of plane-wave sound propagation in the test duct. It
requires a Fast Fourier Transform analyser. It also requires two identical microphones, both equipped with
either sampling tubes, or foam balls, or nose cones. One of these shall be mounted as shown in Figure 10
and the other 180° from it in the same plane and direction. Measurements shall be made with this microphone
pair in two positions, 90° apart circumferentially.
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For each position of the pair, the coherence function between the two microphone signals shall be obtained,
as a function of frequency, from 16 samples of signal. Arithmetic averages of the square roots of the
coherence functions shall be computed for all the frequencies in each one-third-octave band. The results shall
then be averaged over the two positions of the pair and this composite average shall be squared to yield the
power-averaged coherence function, y2, for each one-third-octave band.

If v2 is equal to or greater than 0,64, the condition stated in 7.2.1 is met, i.e. the measured sound pressure
level is at least 6 dB above the turbulence noise level. Otherwise, the results for the band shall be reported as

“not exceeding ... dB”.

NOTE For any frequency band, values of y2 greater than 0,64 are proof that the signal-to-noise ratio for turbulence
noise is better than 6 dB in that band.

In the|frequency range where only plane sound waves can propagate in the test duct, valies gf y2 less than
0,64 indicate that the signal-to-noise ratio of sound to turbulent pressure fluctuations is less than|6 dB.

In the|frequency range /> f1 o, where higher-order modes can propagate in the test duct, however, values of
v2 les$ than 0,64 are not necessarily proof that the signal-to-noise ratio for turbulénce noise is Igss than 6 dB
because acoustic cross modes are not fully coherent across the duct. (See referénce [23].) If values of y2 less
than ({,64 are encountered in any frequency band containing the cut-on frequéncy of the first crogs mode, or in
any hjgher frequency band, the procedure given in B.3 may be used te\verify the signal-to-goise ratio for
turbulence noise.
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Annex C
(normative)

Computational procedures for calculating the A-weighted sound power
level from one-third-octave-band sound power levels

Calculate the A-weighted sound power level, Ly, in decibels (reference sound power 1 pW), from the formula

Lya =101g

where

Jmax
> 10

Jmin

0,1[(LW) +C

7] dB

(Ly); is the level in the jth one-third-octave band;

27|

Jmax ~

J

C; is given in Table C.1.

Table C.1 — Values of G according to‘lEC 60651

(C.1)

34

j One-third-octave-band centre G
nominal frequency

Hz dB
1 50 -30,2
2 63 —26,2
3 80 -22,5
4 100 -19,1
5 125 -16,1
6 160 -13,4
7 200 -10,9
8 250 -8,6
9 315 -6,6
10 400 -4,8
11 500 -3,2
12 630 -1,9
13 800 -0,8
14 1000 0
15 1250 0,6
17 2000 1,2
18 2500 1,3
19 3150 1,2
20 4 000 1
21 5000 0,5
22 6 300 -0,1
23 8 000 -1.1
24 10 000 -2,5
25 12 500 -4,3
26 16 000 -6,6
27 20 000 -9,3
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Example of calculation of C3 4 for a given duct diameter and mean flow

velocity

For d = 0,5 m, the values of the coefficients 4; for the calculation of C5 4 according to Equation (3) are given in
Table A.4. For a frequency = 1 000 Hz

d

34 =(1,85+0,038U)dB

For a mean flow velocity U = 15 m/s (outlet duct)

o

Likew

o

See a
mean

flow velocity U.

34 =(1,85+0,038x15)dB ~ 2,4 dB

se, for U =-15 m/s (inlet duct)

3.4 =[185+0,038x(-15)]dB ~ 1,3 dB

Table D.1 — Value of correction C; 4 in decibels for 4 =0,5m
and different flow velocities U

(D.1)

(D.3)

so data listed in Table D.1. Figure D.1 illustrates the behaviour of the value of C; 4 as a function of the

f U
Hz m/s
5 -5 15 -15 30 -30
50 0;1 -0,2 0,4 -0,5 0,8 -0,9
63 0,1 -0,2 0,4 -0,5 0,8 -0,9
80 0,1 -0,2 0,4 -0,5 0,8 -0,9
100 0,1 -0,2 0,4 -0,5 0,8 -0,9
125 0,1 -0,2 0,4 -0,5 0,8 -0,9
160 0,1 -0,2 0,4 -0,5 0,8 -0,9
200 0,1 -0,2 0,4 -0,5 0,8 -0,9
250 0,1 -0,2 0,4 -0,5 0,8 -0,9
315 -0,5 -0,8 -0,2 -1,1 0,2 -1,5
400 -0,3 -0,6 0 -0,9 0,5 -1,3
500 —0,2 =05 0,2 —0.8 0.6 —T,2
630 0,2 -0,1 0,6 -0,4 1,1 -0,9
800 1,2 0,9 1,6 0,5 2,1 0
1000 2 1,7 2,4 1,3 3 0,7
1250 2,8 2,4 3,3 2 4 1,4
1600 3,4 29 4 24 49 1,7

© 1SO 2003 — Al rights reserved

35


https://standardsiso.com/api/?name=0388fa824d94c70904fb34a2bca237c7

ISO 5136:2003(E)

Table D.1 (continued)

f U
Hz m/s
5 -5 15 -15 30 -30
2000 4 3,3 4,7 2,7 5,8 1,8
2500 4,5 3,7 5,4 2,9 6,9 1,9
3150 5,2 41 6,5 3.1 8,4 2,1
4 000 6,2 4,9 7,7 3,8 10,2 2,8
5000 6,8 53 8,7 4,2 11,8 3,2
6 300 79 6.1 101 47 137 3.8
8 000 9,3 7 12,2 5,6 16,2 4.9
10 000 10,5 7,6 13,9 59 17,9 5,6
12 500 11,6 8 16 6,7 19,5 6,4
16 000 131 8,7 18,2 7,5 21,2 7,3
20 000 14,8 9,4 20,2 8,4 23,6 7,9
NOTE 1 U > 0 for the outlet duct, U < 0 for the inlet duct.
NOTE 2 Results of example calculation are marked by a bold frame line:

36
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Figure D:1)— Value of C; 4 as a function of mean flow velocity U for ¢ = 0,5 m
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Annex E
(informative)

Guidelines for the design and construction of an anechoic termination

E.1 The primary feature of an anechoic termination is a sufficiently gradual change in duct area to suppress
the reflection of the sound waves back into the duct where they would interfere with the sound level
measurements. The criterion for this is specified in 5.2.7 in terms of a maximum permissible pressure
reflection coefficient. A procedure for determining whether a given termination meets ihe requirements of 5.2.7
is described ipn Annex F.

E.2 A number of different designs meeting the requirements of 5.2.7 have been described in,.for example,
references [2], [4], [6], [9], [12], [13], [14], [17] and [18].

E.3 Design$ which have been successfully used in several laboratories are shown indetail in Figures|E.1 to
E.5. In these fesigns the gradual change in the cross-sectional area of the duct approximates an exponential
or a catenoidal horn. The latter gives a slightly better performance than an exponential horn. As in most
successful arfechoic terminations, part of the horn is filled with absorptive material to provide attenuation for
the noise of devices used for controlling and measuring the air flow which aré. usually attached to the ¢nd of
the horn. Detgils of the performance of these horns and the effect of various’design alternatives are given in
references [6], [9] and [12].

It is not necedsary to adhere exactly to the exponential or catenoidalprofile. Approximation to these prof{les by
conical sectiops, as shown in Figures E.1 a), E.2, E.3 and E.5, is‘adequate.

In the other flype there is a stepped increase in cross-sectional area from the duct to the terminator|body.
Schematics of such stepped terminations are shown in_Figures E.6 and E.7.

E.4 Since the inlet of the anechoic termination.‘@nd the outlet of the duct form a smooth transition, the
internal diameters are equal at the connection, @s shown in Figure E.1 a), anechoic termination. All angchoic
termination d[mensions are given in termsof the internal diameter d, of the outlet of the duct. Scaling to
diameters other than those tested shouldtonly be done to a limited degree, however, because the ratio of
wavelength t¢ dimensions will be changed. The outer skin of the termination may be made of any mpterial
having sufficig¢nt strength to retain its-dimensional characteristics.

In the anechojc termination shown.inh Figure E.1 a), the aerodynamic passage through the centre of the horn is
outlined by perforated metal™having about 58 % open area. Particular attention should be paid fo the
smoothness ¢f the transition-at d4. The volume between the perforated metal and the conical sections |of the
horn is filled With open-celled foam or fibre glass of density approximately 24 kg/m3. The remaining cylindrical
volume at d, is filled with’fibre glass of density approximately 48 kg/m3.

E.5 If tranditiens are to be used between the test duct and the anech0|c term|nat|on the tran3| ion is
considered pa has to
meet the requirements of 5.2.7.

E.6 Examples of throttling devices are given in Figure E.8.

In Figure E.8 a throttling device is described which consists of nine exchangeable screens which provide
gradually increasing flow resistance. Design of screens is detailed in Table E.1.

E.7 Details of anechoic terminations with stepped expansion sections are shown in Figures E.6 and E.7.
Reflections of sound occur at each change in cross-section and the overall anechoic effect is obtained by
having the lengths of sections adjusted so that reflected waves cancel out. Steps increasing in diameter by
about 10 % and step lengths of about 0,3 m to 0,4 m are likely to be found suitable.
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d, 1,15 d} I 1,44 d,
dy 1,644d, L 2,894,
dy 2,25d, I3 3,894,
dy 3,44 d, Iy 5114,
dg 1,67 d, I 6,44 d,

brforated metal, approximately 58 % open
pen-celled foam/or fibreglass having a density of 24 kg/m3

ibre glass having a density of 48 kg/m3

a) Anechoic termination tested for diameter 4, = 0,46 m (see reference [9])

Figure E.1 — Examples of anechoic terminations
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Dimensions in millimetres
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b lining is-of expanded polyurethane foam of density 32 kg/m?3.
b) Three catenoidal designs of anechoic termination

Figure E.1 — Examples of anechoic terminations (continued)
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Dimensions in millimetres
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Key
1 flow measurement device
2 expanded polyurethane foam having a density of 32 kg/m3
2@ Ng lining
b THick lining
Figure E.2 — Example of inlet anechoic termination (catenoidal)
Dimensions in millimetres
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2 500
NOTE Tested for d < 250 mm (see reference [10]); for d > 250 mm, the length of the termination is to be increased,

or two-sided anechoic terminations may be used, see Figure E.5 (see reference [14]).

Figure E.3 — Example of one-sided anechoic termination
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1 perforated
2 mineral woq

3 mineral wo

ted for d < 0,3 m (see reference [6]).
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Figure E.4 — Example of anechoic termination
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NOTE

42

300 mm

Tested for d = 400 mm, d = 500 mm (see reference [18]), and for d = 630 mm.

Figure E.5 — Example of two-sided anechoic termination
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Key
1 testduct
2 mineral wool having a density of 45 kg/m?3
3 measuring nozzle
4 flanged entry point
Figure E.6 — Example of a stepped anechoic termination
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Dimensions in millimetres
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1 expanded polyurethane foam of density of 32 kg/m3
2 flow measurement device

Figure E.7 — Example of a stepped inlet anechoic termination (catenoidal)
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Table E.1 — Design of screens

Orifice position

Screen number

in radius 2 4 5 6 7 8 9 10
Number of boreholes at radius 7,
r 18 — — — — — — —
2 — 3 3 3 2 2 2 —
¥y — 10 10 5 4 5 4 —
#r 46 42 8 & + 4
Ty — 24 16 | 12 9 — | — | =
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Annex F
(informative)

Evaluation of performance of anechoic terminations

This annex gives an example of the determination of the sound pressure reflection coefficient. Calculate

the pressure reflection coefficient, r,, from a measurement of the difference AL between the maximum and
minimum sound pressure levels occurring in the duct as a result of the standing wave formed by the incident
and t

T 1080720,

e reflecied plane waves at each centre frequency or the Trequency bands, using the Tormula

ALI20
_10 L (F.1)

F.2 |t is recommended that the pressure reflection coefficient be measured «in the frequgncy range of

plane{wave sound propagation in the test duct.

F.3 |A procedure for evaluating the anechoic termination performance is_given below.

a) Affter connecting the test duct to the anechoic termination, mount a high-quality loudspeaker in a baffle
which covers the inlet of the test duct.

b) Make provision for moving a microphone without the sampling tube along the full length of the centre line
of the measurement duct.

c) Apply a pure-tone signal from an audio oscillator“to the loudspeaker, via an amplifier if necgssary, for the
centre frequency of the one-third-octave band.

d) Fjlter the microphone signal through amarrow-band or a one-third-octave-band analyser aphd then apply
the filtered output signal to a graphic level recorder.

e) Move the microphone along the axis of the measurement duct to measure the differencqd between the
maximum and minimum souhd’pressure levels.

f)  QGalculate the differenge.between the maximum and minimum sound pressure levels (AL) arld insert it into
Eguation (F.1). Compare the reflection coefficient », obtained with the values listed in Table p.

g) Repeat steps ¢),d) and e) for the centre frequencies of the one-third-octave bands between|50 Hz and f;.

h) Iflthe anechoic termination is fitted with a means of flow rate control (throttle), repeat stg¢p g) with the
throttle\set to give maximum flow rate and then to give minimum flow rate.

If the graphietevetrecordermentionedHn-a)-isnotavaiablemanvatrecording-of-the-mexdmum-and minimum

sound pressure levels is permitted.

F.4 Other techniques such as the two-microphone technique may also be used. This method detailed in
reference [20] consists in measuring the transfer function between the signals of two close microphones (see
experimental arrangement in Figure F.1). This method only applies with no flow and at low frequencies, i.e.
within the plane-wave sound propagation frequency range.
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1 — Experimental arrangement and instrumentation for the two-microphone techniq

e for evaluating the anechoic termination performance by this‘method is as follows.

hecting the test duct to the anechoic termination (called reflecting element in Figure 1), m
ity loudspeaker at the duct inlet.

0 microphones M1 and M2 flush-mounted on>the duct wall, axially spaced 30 mm to §

e distance between the test section and the.loudspeaker or the reflecting element should
vhere D is the duct diameter.

ve sound propagation.

nes M1 and M2, where M1'is/the closest to the loudspeaker.

the complex pressure. reflection coefficient R from the formula:

kK is thT wave number;

bunt a

0 mm
be 2D

nge of

with a dual-channel Fourier_analyser the complex transfer function H,, of the signals of the two

(F.2)

s is the microphone spacing;

L is the axial distance between microphone M1 and the inlet plane of the anechoic termination
(reflecting element in Figure F.1).

The reflection

coefficient r, is the magnitude of the complex coefficient R

ra = \Re(R)? +Im(R)?

The values of the reflection coefficient », with respect to frequency may be averaged over each one-third

octave freque

48

ncy band to evaluate the performance of anechoic terminations in light of Table 5 in 5.2.7.
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The use of the microphone switching procedure as described in reference [20] is recommended to eliminate
electrical phase shift problems between the two microphone channels, which dramatically increase the
uncertainty in the reflection coefficient determination at low frequency.
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Annex G
(informative)

Sampling tube information

G.1 A general description and schematic of a typical sampling tube are given in 3.9.1 and Figure 1.

G.2 Specific design details that may be used for fabricating a sampling tube are given in Figures G.1
and G.2.

Other designg are described in references [11], [16], [29] and [40].

Figure G.3 illystrates the mountings of a microphone and sampling tube.

Dimensions in millimetres

Key
1 nose cone lhaving the same diameter as the outside diameter of the slit covering material
2 slit-tube

3 microphong¢ with protectian’grid (the inner diameter of the slit tube is to be machined to give a sliding fit for the
microphong protection grid'of nominal diameter 13,2 mm)

4  slit covereq with porotis' material
5 porous majerial with'an acoustic flow resistance of 2pc, i.e. approximately 800 Pa-s/m

Fi 4—

50 © ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=0388fa824d94c70904fb34a2bca237c7

ISO 5136:2003(E)

Dimensions in millimetres
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Key
1 ndse cone havingdhe same diameter as the outside diameter of the slit covering material
2 slif-tube
3 microphorie-with protection grid (the inner diameter of the slit tube is to be machined to give a sljding fit for the

microphone protection grid of nominal diameter 13,2 mm)

slif covered with porous material
porous material with an acoustic flow resistance of 2pc ~ 800 Pa-s/m

compression fitting
collet nut, brass

split collet ring, plastic
insert, brass

© 00 N O O

o

Diameter should match inside diameter of slit for a snug fit.

Figure G.2 — Sampling tube with optional features serving to improve the stability and performance of
the sampling tube
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Key
1 slit
2  microphong
3 sampling tdibe
4  clamp collgr
5 hose clamp
6 supporting|beam
7 microphonge with protection grid
8 microphong cable
9 supporting|tube
10 fixing screws
NOTE For inlet sidexmeasurements, see 6.1.
Fi G.3 — Tynical f f mi | I ling tut
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G.3 Turbulence noise suppression
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Table G.1 lists the magnitudes of the suppression of turbulent pressure fluctuations of such a typical sampling
tube as compared to a 13 mm nose cone.

Table G.1 — Turbulence noise suppression, AL;, of the typical sampling tube shown in Figure 1 as
compared to a 13 mm nose cone

One-third-octave-band Turbulence noise suppression for mean flow velocity, AL,
centre frequency
Hz dB
10 m/s 20 m/s 30 m/s 40 m/s
50 18 14 12 11
63 19 15 14 13
80 19 17 16 14
100 20 20 18 16
125 20 19 17 16
160 20 19 17 16
200 22 19 18 17
250 22 20 19 18
315 21 22 20 18
400 >20 22 20 18
500 >20 22 20 19
630 >20 23 21 22
800 320 >20 >20 >20
1000 >20 >20 >20 >20
1250 >20 >20 >20 >20
1 600 >20 >20 >20 >20
2000 >20 >20 >20 >20
2-500 >20 >20 >20 >20
3150 >20 >20 >20 >20
4 000 >20 >20 >20 >20
5000 >20 >20 >20 >20
6 300 >20 >20 >20 >20
3000 >20 >20 >20 >20
10 000 >20 >20 >20 >20
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Annex H

(informative)

Test method for small ducted fans

The range of test duct diameters specified in this International Standard is from 0,15 m to 2,0 m. According to
5.2.3, the minimum fan inlet or outlet diameter is then 0,104 m. If devices with even smaller inlet or outlet
diameters are to be measured, it is recommended here to use test duct diameters down to 0,07 m diameter.

This allows te]
The radial po
It is no longe

allows the ug
microphones

available micfophones of 6,4 mm diameter.

NOTE Sin
cannot be a no

Values for the
Equation (3) 4

— 0,07 m
— 0,09m

— 0,12m

d<0,09m

d<0,12m

d<0,175m

Sting of test tans down o U,U46 m diameter.

Sition of the microphone with the sampling tube in the test duct is 2+/d = 0,8.

r possible to use sampling tubes with 15 mm diameter as suggested in Annex G [5.3|3.2 b)
e of sampling tubes with 22 mm diameter]. Therefore smaller sampling~tubes and smaller
must be used. Figure H.1 shows the design of a sampling tube suitable for commarcially

ce the small sampling tubes are not yet commercially available, the test method for small duct diameters
'mative part of this International Standard.

coefficients a; necessary to compute the mean flow velocity-modal corrections C3 4 according to
re given in Tables H.1 to H.3 for the following diameter fanges of the test duct:

Dimensions in millinetres

400

L 2
\
== — |
'S F ' ' — e -s.
R KD xxxxix KRR XS |-
_>i \1'_
\\n)
°

Key

-

2  slit-tube

nose cone having the same diameter as the outside diameter of the slit covering material

3 microphone with protection grid (the inner diameter of the slit tube is to be machined to give a sliding fit for the
microphone protection grid of nominal diameter 7 mm)

4  slit covered with porous material

5 porous material with an acoustic flow resistance of 2pc ~ 800 Pa-s/m

Figure H.1 — Schematic of a sampling tube for a 6,4 mm (1/4 inch) microphone
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