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Foreword

ISO (the International Organization for Standardization)-is a worldyide federation of
national standards bodies (ISO member bodies). The Wark of preparing International
Standards is normally carried out through ISO technical committges. Each member
body interested in a subject for which a technical.committee has begn established has
the right to be represented on that committee:-International orgapizations, govern-

mental and non-governmental, in liaison with-1SO, also take part

in the work. ISO

collaborates closely with the International, Electrotechnical Commission (IEC) on all

matters of electrotechnical standardization.

Draft International Standards adopted by the technical committee

are circulated to

the member bodies for vating: Publication as an International $tandard requires

approval by at least 75 % _.of the member bodies casting a vote.

International Standard ISO 5136 was prepared by Technical Committee ISO/TC 43,

Acoustics.

Annexes A and B form an integral part of this International Standarg. Annexes C to G

are for information only.
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Introduction

The sound power|radiated into a duct by a fan depends to some extent on the type of
duct, characterized by its acoustical impedance. For a measurement method, the duct
has, therefore, to|be clearly specified. In this International Standard, the duct is of cir-
cular cross-section and terminated nearly anechoically. Details of typical anechoic ter-
minations are giveén in annex C. The sound power obtained under these special con-
ditions is a repregentative value for actual applications, as the anechoic termination
forms an impedangce about midway between the higher and lower impedances found in
practice. The sound power radiated in actual applications can, in theory, be estimated
from data on farjs and duct impedances. Since this information is at present in-
complete, these dffects are not usually considered in acoustical calculations.

In order to suppreps the turbulent pressure fluctuations at the microphone, the use‘of’a
long cylindrical windscreen (“’sampling tube’’) is stipulated. The microphone, with the
sampling tube, is mounted at a radial position such that the sound pressure’is’accept-
ably well related tp the sound power by the plane wave formula, even in the frequency
range in which rafial standing waves (cross-modes) are possible.

The testing precidion is given in terms of the standard deviation to"be expected if the
measurements were repeated in many different laboratories.

The procedures for measuring the operating conditions (pérformance measurements)
are not specified |n detail in this International Standard. The operating conditions are
intended to be spkcified in a separate code which will be the subject of a future Inter-
national Standard.

This International| Standard is one of a.series specifying different methods for deter-
mining the sound| power levels of fans:
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Acoustics — Determination of sound power radiated into
a duct by fans — In-duct method

1 ScopJ

1.1 Measurement conditions

This Interngtional Standard specifies a method for testing
ducted fanj to determine the sound power radiated into an
anechoically-terminated duct on the inlet and/or outlet side of
the equipment. It applies to fans which emit steady, broad-
band, narrow-band and discrete-frequency sound. It applies to
air temperafures between — 50 °C and + 70 °C.

The test dug¢t diameter range is from 0,15 m to 2 m. The maxi-
mum flow Velocity is 30 m/s and the maximum swirl angle is
15°. An exa\lnple of a method for determining the angle of swirl
is given in annex F.

The one-third octave band centre frequency range is from
50 Hz to 10/000 Hz.

NOTE — Thq flow noise suppression of the sampling tube«\(see’6.2.1)
may be insufficient at higher velocities and at higher angles of swirl.

1.2 Typep of source

The method applies to a sound source in which a fan is usually
connected tp ducts on at least one-Side.

Examples of|the ducted fans-and fan equipment covered by this
International Standard are

— ducted centrifugal fans;

— ducted-axial flow fans;

computing sound power from pressure measurements, and the
tolerance of the instrument calibration. The edtimated standard
deviations are given in table 1.

Table 1 — Precision-of the method of measurement
One-third octaveé band Standard deviation
centre frequency
Hz dB
50 3,5
63 3
80; 100 2,5
125 to 4 000 2
5 000 2,5
6 300 3
8 000 3,5
10 000 4

The standard deviations given in table 1 refle¢t the cumulative
effects of all causes of measurement uncerfainty, excluding
variations in the sound power from machine tojmachine or from
test to test which may be caused, for example, by changes in
the mounting or operating conditions of the gource.

NOTES

1 The standard deviations given in table 1 are dlerived from infor-
mation in [3], [5] and [19].

2 The precision data will increase in the presence1 of swirling flows.

— ducted mixed flow fans.

This International Standard may also apply to other aero-
dynamic sources, such as boxes, dampers and throttle devices.

This International Standard does not apply to non-ducted fans
or non-ducted fan equipment.

1.3 Precision of the method of measurement

The precision of the method of measurement is given in terms
of the standard deviation of the sound power level. It includes
the effects of end reflections, transitions, the possible errors in

3 If discrete frequency components are present or if measurements
are not averaged over a sufficiently long period, the precision will be
less than that indicated.

4 At high frequencies, particularly above about 4 000 Hz, the
precision data quoted in table 1 may increase when the noise spectrum
being measured decreases rapidly with frequency. Under these con-
ditions, the high-frequency sound pressure levels sensed by the
microphone can be of small magnitude compared with those at lower
frequencies, and electrical noise, particularly from the frequency
analyser, can interfere with the sound signal at these high frequencies.
In order to achieve correct determinations of sound power 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.
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2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encouraged
to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International
Standards.

L o1 L P2 L p3 are the sound pressure levels at each of the three
measurement positions in the test duct.

me 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 6.2.4).

LT, is the spatially averaged sound pressure level at the measure-
ment plane, corrected for the combined free-field response C
(see 3.9 and 7.1).

ISO 266 : 1975,Acoustics——Preferred—fregquercies—for

measurements.

IS0 5221 : 1984, Aiir distribution and air diffusion — Rules to
methods of measuring air flow rate in an air handling duct.

1ISO 7235 : —1), Mcoustics — Measurement procedures for
ducted silencers —| Insertion loss, flow noise and total pressure
loss.

IEC 225 : 1966, Qctave, half-octave and third-octave band
filters intended for the analysis of sounds and vibrations.

IEC 651 : 1979, Sdund level meters.

3 Definitiong and symbols

For the purposes ¢f this International Standard, the following
definitions and symbols apply.

3.1 fan inlet [o
provided for conng

3.2 ducts: Any

utlet] area, S;: The area of the fan fitting
ction to attached ductwork.

of the airways defined in 3.2.1, 3.2.2 and

3.23.

3.2.1 test duct:|The duct in which the fan sound power is
measured. It has an anechoic termination.

3.2.2 terminatinlg duct: The duct opposite to the test duct,
if both sides of the fan are ducted-, It has an anechoic termin-
ation.

3.2.3 intermedigte duct:~The duct fitted on the intake side
and on the discharge side\of the fan to ensure desired flow con-
ditions. It connect$ to the test duct or the terminating duct, if
necessary by a trahsiti =t e

3.3 measurement plane: The radial plane in the test ductin
which the microphone diaphragm is located.

3.4 sound pressure level, L, in decibels: Ten times the
logarithm to the base 10 of the ratio of the mean-square sound
pressure of a sound to the square of the reference sound
pressure. The width of a restricted frequency band shall be in-
dicated, for example one-third octave band pressure level,
A-weighted sound pressure level, etc. The reference sound
pressure is 20 pPa.

1) To be published.

3.5 sound power level, Ly, in decibels: Ten(Ltimes the
logarithm to the base 10 of the ratio of a given sound power to
the reference sound power. The width of a restricted|frequency
band shall be indicated, for example one-third octave band
power level, A-weighted sound power level, etc. Thg reference
sound power is 1 pW.

3.6 fan sound power: The.sound power radiatgd into the
test duct by the fan.

3.7 frequencytange of interest: For general purposes, the
frequency range of interest includes the one-third octave bands
with centre frequencies between 100 Hz and 10 000 Hz. For
special purposes, the frequency range of interest may be ex-
tendedsdown to 50 Hz. For fans which radiate predominantly
high-.ar low-frequency sound, the frequency range of interest
may be limited in order to reduce the costs of the tept facilities
and procedures. The limits of the restricted frequgncy range
shall be given in the test report.

3.8 sampling tube: A tubular windscreen to be attached to
a standard microphone designed to minimize its sepsitivity to
flow noise.

3.9 Further symbols

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

C, frequency response correction of the sampling tybe of nor-
mal incidence, expressed in decibels, to be added to the
calibrated microphone response [see 4.3.3 c)]

. - - egue ponse required
by the use of the sampllng tube expressed in decibels (see
table 5)

C, modal correction for the frequency response required by
the use of the sampling tube, expressed in decibels (see
table 6)

C = Cy + C, + C3 + C4 combined frequency response cor-
rection, expressed in decibels

¢ speed of sound in the test duct

o fluid density in the test duct
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d diameter of the fan inlet, fan outlet, test duct,
intermediate ducts, terminating ducts (see figure 1)

! length of the ducts and transitions (see figure 1)

r radial distance from the test duct centreline to the
sampling tube centreline

ry pressure reflection coefficient defined as the ratio of the
sound pressure amplitude of the sound wave reflected
from the anechoic termination to the sound pressure
amplitude of the incident wave

ISO 5136 : 1990 (E)

NOTE — This International Standard prescribes ducts with circular
cross-sections. Future International Standards may involve ducts with
rectangular cross-sections.

4.2.2 Duct lengths

Duct lengths shall be as specified in figure 1.

4.2.3 Duct cross-sectional area

The duct cross-sectional areas shall be as specified in table 2,

b, h crosidimensions of the rectangular fan inlet or fan
outlef

4 Test facilities and instrumentation

4.1 Gene¢ral requirements

The test arfangement shall consist of the fan to be tested, an
intermediatg duct, the test duct with anechoic termination, and
the instrumentation (see figure 1). If a fan usually used with
duct work gn both sides is to be tested, a termination duct with
anechoic termination plus an intermediate duct shall be
connected ppposite to the side on which the sound power is
determined

All connectjons between the fan and the ducts shall be firm;
unless a viljration-isolating coupling is an inherent part of.the
fan. The tept ducts shall include provisions for mounting the
microphong and sampling tube at the locations specified.in 5.2.

Suitable provisions shall also be made forycontrolling the
desired fan|operating conditions.

NOTES

1 Examples of designs of anechoic”terminations and throttling
devices are diven in annex C.

2 Measurement of mass flow/is-the preferred method of controlling
the fan operpting point (see’{SO 5221); an alternative method is to
measure the[fan pressure, rise.

3 The aeroflynamic/performance characteristics of the fan may be
measured usjng-a different test arrangement.

where the infet or outlet area S; is the area on|the side to which
the respective duct is connected.

Table 2 — Cross-sectional areas of ducts

Cross-s€ctional area
Duct

min. max.
. Intermediate 1 8% 1 8¢

F [
o et Test 15 2,15
Terminating 1 8¢ 2,18
Intermediate 0,9 S 1,07 S,
F I 2908 ot
R Test 07 S 21 5
Terminating 0,7 S 2,1 S

4:2.4 Transitions

All transitions, including any transitions from rectangular fan
outlets or inlets to the circular ducts, shall bg coaxial and shall
meet the following criteria:

a) the maximum enclosed angle of the Tdes shall be 15°;
a

b) the minimum length, /.;,. shall be calculated from

Lin larger area
ly smaller area
withlp = 1m

4.2.5 Anechoic termination

The pressure reflection coefficient, r,, of thelanechoic termin-
ation when installed and when a throttling delvice is fitted shall
not exceed the values specified in table 3.

4.2 Duct specifications

4.2.1 Construction of ducts and transitions

The ducts shall be straight, coaxial with the fan inlet or outlet,
and of uniformly circular cross-section. The ducts and tran-
sitions shall be manufactured either from steel having a mini-
mum thickness 1 mm or from a material of equivalent mass per
unit area and rigidity which ensures an acoustically hard and
smooth interior surface.

The ducts and transitions should preferably be treated with a
vibration-damping material on the outside.

Table 3 — Maximum pressure reflection coefficients
One-third octave band Maximum pressure
centre frequency reflection coefficient
Hz

50 0,4

63 0,35

80 0,3

100 0,25

> 125 0,15

NOTE — Guidelines for the design of the anechoic terminations and a
method for measuring the pressure reflection coefficient of the ter-
mination are given in annexes C and D.
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Flow measureme!

(schematic)

ISO 5136 : 1990 (E)

Anechoic termination

(schematic)

Conical or rectangular

Dimensions in metres

Stepped anechoic
termination and
throttle (schematic)

For circular fan inlet, diameter d,

1< (dy/d2 <2,
2d, < I, < 5d,

131 > 3,8 (d3 - d1

For rectangular fan inlet, b; x h4

nd%

4bqhy

4b.h

2 V LALIpS
V(4

by > 3862 +

2d, < I, < 5d,

1<

<21

h <

lig > 3,8 (dg — d4
for de > d4

lsg > 3,8 (dy — dg
for d4 > de

3]

@

and > (dg/dy)? —1

and > (dj/dg? — 1

For circular fan (1utlet, diameter d,

d
Ly > 38/b3 + #3 — dy and > 47;

to round transition Measurement
Measurement plane
plane d d, or
, or B xh
f byxh, 2772
7
v &
o hZbdz2 | S
3= 6d32 4 131 4 121' Ig I“ lg= 6d62 4
0,7 < (dg/do)? < 2,1
124 > 3,8 (d4 — dz) and » (d4/d2)2 -1
for d4 > dz
124 > 3,8 (dz - d4) and > (dz/d4)2 -1
2 _
For rectangular fan outlet, b, x h,
ndﬁ
0,95°< < 1,07
4byh,
4b,h,
nd%
n 0,7 < <21
ohy
nd%
- d3| and > -1
4b.h4

2
2
oMo

T 2
f0r7d4 > bzhz

4b
Iy, > 38[\/b3 + h5 — d4 and > ndzzhz -1
4

T2
fOl’bzhz > Td4

0,95 < (dy/do)? < 1,07

a) Simultaneous measurement of inlet and outlet in-duct noise

Figure 1 — Test arrangement and limiting dimensions of test ducts, intermediate ducts and transitions
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Flow measurement
(schematic)

ISO 5136 : 1990 (E)

Dimensions in metres

Conical or rectangular

to round transition

Fans with ducted

outlet

All dimensions as for figure 1 a) except for /g
16 > d6 and|> 1

Flow measurement and
control (schgmatic)

Anechoic termination
(schematic)

All dimensiops as for figure 1 a)

b) Measur¢ment of inlet in-duct noise only

FaEs with ducted
inlpt

Flow measurement
(schemdtic)

All dimensions as for figur€ 1 a) except for /3
I3 > 4dzand > 1

Figure 1 — (continued)

Conical or rectangular
to round transition

Fans with unducted
outlet

Difnensions in metres

Flow measurement and
control (schematic)

Stepped anechoic termination
(schematic)

Fans with unducted
inlet

All dimensions as for figure 1 a)

Key
] O
Intermediate Test duct
duct

Terminating
duct

Fan Transition
duct

c) Measurement of outlet in-duct noise only

Flow measurement and
control (schematic)

Anechoic termination

Figure 1 — (concluded)
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4.2.6 Throttling device

An adjustable throttling device, if necessary, shall be provided
at the end of the anechoic termination remote from the fan. No
other throttle shall be placed between the fan and the anechoic
termination. The throttling section shall provide control to
adjust the operating conditions under which it is desired to
determine the sound power of the fan.

The throttling device and the anechoic termination shall be
designed so that the sound pressure level generated in the test

duct by the throttling device is at least 10 dB below the fan

sound pressure |e\12rle duct:
Suggested throttling arrangements are shown in figure C.5.

4.3 Instrumentation

4.3.1 Maeasuring

4.3.1.1 Micropho

A microphone of

a) The turbulence noise shall be suppressed by at least
10 dB in the frequency range of interest as compared with a
nose cone. The actual values of turbulence noise sup-
pression as a function of frequency and flow velocity shall
be known in order to determine the signal-to-noise ratio as
specified in 6.2.1 (see also annex B and table E.1).

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

c) The frequency response correction C, of the sampling
tube for each one-third octave band of interest shall be
determi ithin + i - field inci-

system

ne

h sound level meter complying with the re-

quirements for a type 1 instrument as specified in IEC 651 shall

be used. The dime
sampling tube.

4.3.1.2 Micropho

hsions shall be compatible with those of the

he cable

does not change

with temperature in the range prevailing

The microphone/ c[ble system shall be such that the sensitivity

during the test. C
traversing or from
noise which interfe

4.3.1.3 Sound le

The sound level m
microphone signal
for a type 1 sound
quency response G

4.3.2 Frequency]

ble flexing arising from either microphene
airflow across the cable shall not introduce
res with the measurements.

el meter or other micrephone amplifier
eter or other amplifier used to amplify the

shall conform 10_the electrical requirement
level meter as:specified in IEC 651. The fre-

dent axially from the front. If tests are carried-eJt in a free
field, a minimum distance of 3 m between the oudspeaker
and the sampling tube being tested shall be'maintpined, and
the reference microphone position shall-be at thel mid-point
of the sampling tube length. It is‘essential th3gt the fre-
quency response correction curve.be smooth. Alternatively,
a manufacturer’s calibration curve, obtained in compliance
with the requirements forthe-frequency respo
tion, shall be used.

d) The directivity of the sampling tube, when mEasured in
a free field with broad-band noise of one-third octave band-
width, shall be within the limits given in figure 2

NOTES

1 Curves'illustrated in figure 2 are given by the following equation:

AL =201g for0 < © < 1,31 fad (75°)

1+fxKx@®

where

A L is the reduction of sensitivity, in decibels, at an incidence
angle ® compared with incidence axially from fronf (® = 0°);

K is the directivity constant;
J, is the centre frequency of the one-third octave bapd, in hertz;

@ is the angle of incidence, in radians.

The limiting values of the directivity constant K are givep in table 4.

Table 4 — Limiting values of the directivity constant K

haracteristic designated Lin shall be used. One-third octave band
centre frequency Koin Kinax
Hz
dnalyser 1000 0,35 x 10-3 | 1,4 x 10-3
2 000 0,36 x 10-3 1,6 x 10-3
A one-third octave band filter set complying with the re- 4 000 0,35 x 10-3 | 2,2 x 10-3
quirements of IEC 225 shall be used. The filter band centre fre- 8 000 0,35 x 10-3 | 2,2 x 10-3

quencies shall be those tabulated in 1SO 266.

4.3.3 Sampling tube

The sampling tube reduces the turbulent pressure fluctuations
at the measurement positions in order to maintain a sufficient
signal-to-noise ratio (see 6.2.1).

The sampling tube and its use shall comply with the following
requirements:

2 A manufacturer’s statement that the sampling tube directivity is
within the limits specified by figure 2 may be used.

e) Values for the flow velocity correction, Cs, shall be
taken from table 5.

NOTE — Sampling tubes are available commercially. See for
example figure E.1.

f) Values for the modal correction, C,, shall be taken from
table 6.
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0r
dB | 1000Hz - ZZQ
2000Hz
- & K43
g &
a -20
-30
0
dB
10 Z S 2N
T 4000 Hz 8000 H\z%
- 20
= K
-30 K
Fiq Ed x Ed
0 g rad 3 0 2 rad 3
g — § —
Figure 2 - Limiting curves for the directivity of the sampling tube«lbroad-band noise of one-third octave bandwidth)
Fable 5 — Flow velocity correction, Cs, in decibels, for the frequency response of the samplinjg tube
One-third Range of flow Mach-numbers (flow velocity/speed of sound)
octave Qand ]0,011 7 t00,017 5 to |0,023 3 t0{0,029 2 to |0,035 O to [0,040 8 to 0,046 6 to |0,052 5 to |0,058 3 to |0,064 1 to |0,070 O t0]|0,075 8 to |0,081 6 to
cent <0,0175]<0,0233|<0,0292| <0,0350| < 0,040.8| < 0,046 6| < 0,0525| < 0,058 3| < 0,064 1|< 0,070 0| < 0,075 8] < 0,081 6 | < 0,087 5
frequency Range of flow velocities, in metres persecond, for measurements in air at 20 ‘_’C (i.e. speed of sqund, ¢ = 343 m/s)
Hz 4t0<6 | 6to<8 |8to< 10|10 to <1212 to < 14{14 to < 16|16 to < 1818 to < 20|20 to < 22|22 to < 24{24 to < 26]|26 to < 28(28 to < 30
L T I e K A i i e I e
125D _ B T - B - - - Of Of (22 (iz (23
— — — — — — 0,2 0,2 0,2 0,3 0,3 0,3 0,4
160D _ P _ _ _ _ — - - 0,2 0,2 0,3 0,3
2 00b - - — - — 0,2 0,2 0,3 0,3 0,4 0,4 0,5 0,5
— — — — — — — 0,2 0,2 0,3 0,4 0,4 05
2500 5 — — - 0,2 0,2 0,3 0,4 0,4 0,5 0,6 0,7 0,8
- — - - — 0.2 0,3 0,3 0,4 0,5 0,6 0,7 0,9
3 15b — — - 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,2
— — — 0,2 0,2 0,3 0,4 0,6 0,7 0,9 1 1,2 1,6
4000 — — 0,2 0,3 0,4 0,6 0,7 0,9 1 1,2 1.4 1,6 1.9
- — 0,2 0,3 0,4 0,6 0,7 0,9 1,2 1,56 1,8 2,1 25
5 000 - 0,2 0,3 0,5 0,6 0,8 1.1 1.3 1.6 1.9 2,2 2,6 29
— 0,2 0,3 0,5 0,7 0,9 1,2 1,5 1.9 2,3 2,8 34 4
6 300 0,2 0,3 0,5 0,7 1,3 1,7 2,1 25 3 3,5 4,1 4,6
— 0,3 0,5 0,8 11 15 2 2,5 3.1 3,8 4,6 5,5 6,5
8 000 0,3 0,5 0,8 1,2 1,6 2,1 2,7 3.4 4,1 49 5,7 6,6 75
0,2 0,5 0,8 1,3 1,8 2,5 32 4,1 5,2 6,4 7,7 9 10,4
10 000 0,4 0,8 1,2 1.8 2,5 3,3 43 5,3 6.4 7,7 8,9 10,1 11
04 08 1,3 2 29 3,9 5,2 6,6 82 9,9 1,4 12,4 12,6

NOTE — For each frequency, the upper values are for the outlet duct (sound and flow in the same direction) and the lower values are for the inlet

duct (sound and flow in opposite directions).
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Table 6 — Modal correction, C,, for the frequency response of the sampling tube

One-third Diameter range of the test duct, d, in metres
ce::rt: ‘\:fezz:: cy Relative radial position 2r/d = 0,8 Relative radial position 2r/d = 0,65
Hz 0,15 <d <02 02<d<03 03d<d<05 05<d<08 08<d< 125 1.26<d<2
250
315 1
400 1,5
500 1 1,5
630 1 1,5 1,5
800 1,5 1,5 5
1 000 2 2 y
1250 1 2 2 p
1 600 1 1 1,5 2,5 2,5 25
2 000 1 2 2,5 3 3 k
2500 1,5 2,5 3 3,5 3,5 35
3150 2,5 35 4 4 4
4 000 3,5 4,5 5 5 5 §
5 000 4,5 5,5 5,5 5,5 5,5 %,5
6 300 55 6 6 6 6 [
8 000 6 6 6 6 6 [
10 000 6 6 6 6 6 [

g) An example of a sampling tube is given in annex E. A
typical reductign of the turbulent pressure fluctuation as
compared with [the nose cone is given in table E.1 as a func-
tion of flow velocity for one-third octave bands.

NOTE — Sampling tubes are available commercially. See for
example figure E|1.

4.3.4 Graphic leyel recorder or other read-out devices

Graphic level recorflers and other read-eut.dévices shall comply
with the requireménts for a type 1. instrument as specified in
IEC 651.

4.3.5 Multiplexihg system

If the procedure dutlined in 5.2.2b) is used, the multiplexing

5 CTest arrangement

5.1 Sampling tube mounting

ounted in
ure 1.

The microphone with the sampling tube shall be
the test duct in the measuring plane as shown in fi

The microphone with the sampling tube shall bg mounted
rigidly in an axial direction pointing towards the fap. For fan
inlet measurements, the sampling tube shall point tqwards the
fan, but the microphone end of the tube shall be rounded. The
mounting shall introduce a minimum of flow noise.

NOTE — Schematic drawings of typical mountings afe given in
annex E.

5.2 Sampling tube position

5.2.1 Radial position

system shall be qualified such that the resulting sound pressure
level is within + 0,56 dB of the true energy-equivalent average
of the individual sound pressure levels throughout the fre-
quency range of interest.

4.4 System calibration

A stable acoustical calibrator 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. The porous part of the
sampling tube shall be clean and undamaged.

The sampling tube shall be mounted at the radial positions
given in table 7. See figure 3.

Table 7 — Radial positions of the sampling tube

Diameter . . "
of the test duct, d Relative rad,al position
2rid
m
0,15<d <05 0,8
05<d<2 0,65

NOTE — The given radial positions ensure a good estimate of the
sound power from the measured sound pressure.
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Possible positions of the
slit of the sampling tube.
The slit should face away from
the direction of any swirl.

1ISO 5136 : 1990 (E)

6.2 Sound pressure level readings

6.2.1 General

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

Sound pressure level readings shall be taken under the required
steady-state fan operating conditions. The background noise

levelswith the fan beingtested not operating should be

lest duct

Figurg 3 — Radial position of the sampﬁng tube

5.2.2 Cirgumferential positions

At the radigl positions specified in 5.2.1, a circumferential mean
value of thg sound pressure level shall be obtained by using one
of the following procedures:

a) A dingle microphone moved sequentially to at least
three mjcrophone positions distributed equally on the cir-
cumfergnce.

This mdy be achieved by fixing the microphone in a short
duct se¢tion which can be rotated in equal intervals.

b) Three of more fixed microphones equally.distributed on
the circimference. If the signals of these microphones are
to be avieraged using a multiplexing system, they shall have

traverse|at constant angular velocity through one complete
revolutipn.

If the poroys part.ofithe sampling tube consists of one slit only,
this slit sha|l bedocated in the circumferential direction opposite
to the incidefice of the swirl component.

measured for each test condition. The fan(so
readings shall be at least 10 dB above the'ba
the background noise is less than™10°dB
pressure level, the data shall be réported as *
dB above background noise’’;

Lind pressure level
tkground levels. If
below the sound
Not more than ...

The fan sound pressurelevel readings shall be at least 6 dB

above the level of the ‘turbulent pressure fluc
associated with the turbulent flow in the tes
two procedurés for determining this sig
described innannex B shall be used. Whe
pressure, level is less than 6 dB above the lev
pressure fluctuations, the data shall be repo|

uations which are
duct. One of the
hal-to-noise ratio
e the fan sound
el of the turbulent
rted as ‘‘No more

than ..: dB above the level of turbulent pressure fluctuations’’,

and-no correction for turbulent pressure flu
made.

6.2.2 Sampling time

At each one of the three measurement posi
5.2.2 [see procedure outlined in a) or b)], an
time-averaged sound pressure level shall be
quency bands centred on or below 160 Hz, th
vation shall be at least 30 s. For the frequen
on or above 200 Hz, the period of observatio
10 s. Longer observation periods may bg
measured sound varies with time. The averag
level shall be recorded to the nearest 0,5 dB

ctuations shall be

ions described in
energy-equivalent
bbtained. For fre-
e period of obser-
cy bands centred
n shall be at least

required if the
e sound pressure
or each one-third

octave band within the frequency range of interest.

6.2.3 Microphone multiplexing

5.3 Operating condition control equipment

The equipment specified in 4.1 and 4.2.6 used to control the
operating conditions shall not interfere with the acoustical
measurements (see 6.2.1).

6 Test procedure

6.1 Operating conditions

The operating conditions shall be determined by the

procedures which will be specified in a future International
Standard.

With _microphone multiplexing (see procedure outlined in
5.2.2 b)], it is necessary only to record the temporally and
spatially averaged sound pressure level (energy-equivalent
level) L; for each one-third octave band within the frequency
range of interest. The minimum averaging time shall be 30 s per

band.

6.2.4 Continuous circumferential average

A circumferential traverse [see procedure outlined in 5.2.2 c)],
if used, shall be such that the microphone is moved through
one revolution in 30 s or more, at constant angular velocity, for
each one-third octave band.
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7 Calculations

7.1 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

n
—_— 1
L, =101g [; z 100'1Lpi] +C

i=1

7.2 Sound power level

The sound power level, Ly, in decibels, of the sound radiated
into the test duct for each frequency band is obtained by using
the plane wave formula

Ly =1L, + 101g > ~ 1019 <€
So (oc)y

where

where

n is the nunmber of measurement positions (not less
than 3; see 5.2{2);

L,; is the timg-averaged sound pressure level, in decibels,
at the ith measpirement position;

C is the combined frequency response correction of the
microphone-sainpling tube combination and is given by the
formula

C=C1+C2+C3+C4
where

C, isthe r:Licrophone response correction (see 3.9),

C, isthef
tube,

quency response correction of the sampling

C;3 s the flpw velocity correction of the sampling tube,

C, is the modal correction,

where

C, shal| be taken from the microphone manufac-
turer’s data,

Cy, C3 apd C, shall be determined(inyaccordance
with the fequirements of 4.3.3.

If the highest and fowest values of L doe not differ by more
than 4 dB, L, is oljtained using the formula

n
— 1
LP:?[Z Lpl] +C
1

th

t+=md?4—isthecross-sectionatareaof thetest duct;
S, = 1m?%;
(oc), = 400 Ns/m83.

The A-weighted sound power level'6f, the sound radiated into
the test duct shall be determined in accordance with annex A.

8 Information to be recorded

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

a) _adescription of the fan and its accessories;
b)™ the operating conditions;

c) the instrumentation used (types, serial |numbers,
manufacturers, method of calibration);

d) a description of the ducts used, including lepgths and
cross-sectional areas (or diameters), and description of the
anechoic termination(s);

e) acoustical data
— circumferential positions of sampling| tube in
accordance with options a), b) or c) given in .2.2,

— corrections C,, C,, C3, C4 and sound popwer levels
in one-third octave bands within the frequency range of
interest,

— A-weighted sound power level, if requirefl.

9 Information to be reported

If microphone multiplexing (see 6.2.3) or a continuous cir-
cumferential traverse (see 6.2.4) is used to obtain L,y the
average sound pressure level for each frequency band is
calculated from the formula

L,=L,, +C

10

The test report shall contain the statement that the sound
power levels have been obtained in compliance with the
requirements of this International Standard. The report shall
state that the sound power levels are given in decibels
(reference: 1 pW).
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Annex A
(normative)

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

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

jmax
Lya =|[101g Z 1001 Ly + C}

Jmin

where
(Ly); i the level in the jth third-octave band;
Jmax  =|27;

C.

7 is given in table A.1.

Table A.1 — Valués of C;

One-third-octave
J band centre” frequency Cj
Hz
1 50 -30,2
2 63 -26,2
3 80 -225
4 100 =191
5 125 -16,1
6 160 -13,4
7 200 -10,9
8 250 -8,6
9 315 —6,6
10 400 -4,8
1 500 -3,2
12 630 -1,9
13 800 -0,8
14 1 000 0
15 1250 0,6
16 1-600 1
17 2 000 1.2
18 2 500 1.3
19 3150 1,2
20 4 000 1
21 5 000 0,5
22 6 300 -0,1
23 8 000 -1,1
24 10 000 -2,5
25 12 500 -43
26 16 000 ~6,6
27 20 000 -9.3

1


https://standardsiso.com/api/?name=d98c92ca2e7047ab0bac63670ef281bd

ISO 5136 : 1990 (E)

Annex B
(normative)

Determination of the signal-to-noise ratio of sound to turbulence noise
in the test duct

Two procedures for determining the signal-to-noise ratio of
sound to turbulence are given in clauses B.1 and B.2. The

method described in B.1 is applicable only if the angle of swirl

of the flow is not more than 15°.

B.1 Comparative procedure using a
microphone fitted with a nose cone and a
microphone f{tted with a sampling tube

This procedure requires two measurements:

a) one using § microphone fitted with a nose cone, and

b) one using i microphone fitted with a sampling tube.

The method is baged on the assumption that the sound signal
emitted by a noisel source and the turbulence noise excited by
the flow at the microphone are mutually uncorrelated and on
the experimental pbservation that there is a difference AL,
between the turbylence noise levels sensed by a nose cone
microphone and by a microphone fitted with a sampling tube;
this difference A L] has to be known as a function of mean flow
velocity and frequéncy (see, for example, table E.1).

The condition, stated in 6.2.1, specifying that the sound
pressure level reagling shall be at least 6 dB above the_fur:
bulence noise leve] (using the sampling tube), is equivalent’to
another condition | that the difference between the readings of
a nose cone microphone and a sampling tube microghoene does
not exceed a limit A L., which is a function of the_turbulence
noise suppression A L, of the sampling tube _(see’table B.1).

With the fan undef test installed and operating, the following
steps are necessary to check whether the signal-to-noise ratio
of sound to turbulgnce noise in the test duct is at least 6 dB:

a) Step 1: easure the-flow velocity in the duct at the
specified radial|position_of\the sampling tube microphone
(see table 7) gnd detetmine the turbulence noise sup-
pression value A L{ (for example, from the manufacturer's
data or, for thel sampling tube design shown in figure E.1,

d) Smu;_chesk_\uhmner_tbe_djﬂamhegween the
circumferentially averaged sound pressure level§ obtained

with the nose cone and the sampling tube (% — Lyst)is
smaller than or equal to the maximum allowable|difference
A Lmax giveniin table B. 1. If the difference (Lch — LpST) is
larger than AL, then the turbulence noise iI less than
6 dB below the sound pressure level'reading when using the

sampling tube

TuC.

Table B.1 — Maximum allowable difference between the
sound pressure level readings of a microphone fjtted with
a nose cone, L,\c,<and of a microphone fitted with a
sampling tube, £ 37, as a function of the turljulence
noise suppression A L, of the sampling tube| for a

minimum signal-to-noise ratio of sound Jto
turbulence noise of 6 dB

ALt AL o = (LpNC - LpST)rrax
dB dB
10 51
1 59
12 6,7
13 7.6
14 8,5
15 9,4
16 10,3
17 11,3
18 12,2
19 13,2
20 14,1
21 15,1
22 16,1
23 17,1
24 18,1
25 19

B.2 Procedure using a silencer

This procedure requires, for the relevant fan operdting con-

dition, two determinations of the average sound pregsure level
o mmmmmmm—rmymmnzncy band

from table E.1).

b) Step 2: Measure the circumferentially averaged
sound pressure level in the duct (by using one of the pro-
cedures described in 6.2.2 to 6.2.4) with a microphone fitted
with a sampling tube placed at its specified radial position
(see table 7), apply the combined frequency response cor-
rection C (= Cy + C, + C3 + C4) and record the result as

L.

c) Step 3: Measure the circumferentially averaged
sound pressure level in the duct (by using one of the pro-
cedures described in 6.2.2 to 6.2.4) with a microphone fitted
with nose cone placed midway between the duct axis and
the wall (2 r/d = 0,5), apply the _microphone response C;
(see 3.9) and record the result as L ne

12

using a microphone with a sampling tube. For the first deter-
mination, the test duct as specified in this International Stan-
dard shall be used. For the second determination, that part of
the test duct which lies between the fan and the measurement
plane is replaced by a silencer which has the same cross-
sectional area and the same length as the replaced part of the
test duct. The silencer shall have an insertion loss of at least
10 dB for each frequency band of interest (see ISO 7235).

The requirement for the minimum signal-to-noise ratio of the
sound to turbulence noise of 6 dB (see 6.2.1) 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.
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Annex C
(informative)

Guidelines for the design and construction of an anechoic termination

C.1 The primary feature of an anechoic termination is a suf-
ficiently gradual change in duct area to suppress the reflection
of the sound-w ck-into-the-duct-where-they-would-
terfere with| the sound level measurements. The criterion for
this is spedfied in 4.2.5 in terms of a maximum permissible
pressure reflection coefficient. A procedure for determining
whether a diven termination meets the requirements of 4.2.5 is
described ir] annex D.

»
D
D
»)
D
»
D
D
»
D
D
»

C.2 A number of different designs meeting the requirements
of 4.2.5 hae been described in, for example, [2], [4], [6], [9],
[12], [13], [14], [17] and [18].

C.3 Designs which have been successfully used in several
laboratories|are shown in detail in figures C.1 to C.4. In these
designs the|gradual change in the cross-sectional area of the
duct approtimates an exponential or a catenoidal horn. The
latter gives p slightly better performance than an exponential
horn. As in nost successful anechoic 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 gre usually attached to the end of the horn (Details
of the perfgrmance of these horns and the effect of various
design alterpatives are given in [6], [9] and [12].

It is not ndqcessary to adhere exactly to ‘the exponential or
catenoidal grofile. Approximation to these’ profiles by conical
sections, as|shown in figures C.1 a), C.2 and C.4, is adequate.

C.4 Since the inlet of the anechoic termination and the
outlet of the duct form a smooth transition, the integral
e jon, as shown in
figure C.1, an All ane¢hoic termination
dimensions are given in terms of the internal diameter d, of the
outlet of the duct. Scaling to diametets other than those tested
should only be done to a limited dégree, however, because the
ratio of wavelength to dimensions)will be changed. The outer
skin of the termination may be-made of any material having suf-

ficient strength to retain jts\dimensionai characteristics.

In the anechoic termination shown in figure C.1 a), the
aerodynamic passage'through the centre of the horn is outlined
by perforated mietal having about 58 % open area. Particular
attention should be paid to the smoothness of the transition at
d;. The volume between the perforated metql and the conical
sections of.the horn is filled with open-celled fpam or fibre glass
of density approximately 24 kg/m?3. The remaining cylindrical
volume at d, is filled with fibre glass of densfty approximately
48 kg/msd,

C.5 If transitions are to be used between theltest duct and the
anechoic termination, the transition is considered part of the
anechoic termination, i.e. the anechoic termination together with
the transition has to meet the requirements 0f{4.2.5.

C.6 Examples of throttling devices are given in figure C.5.

In figure C.5 a throttling device is described Which consists of
nine exchangeable screens which provide gradually increasing
flow resistance.

13
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Fibre glass having

a density of 48 kg/m?3
Open-celled foam or fibre glass /

having a density of 24 kg/m?3
Perferated-metal

approximately 58 % open

Duct internal diameter,'d,
d, 1,164 I{ 1,44d
d, 1,64d 13 2,89d
dy 2,25d I3 3,89d
d, 3,44d Iy 511d
ds 1,67d Iy 6,44d

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

Figure C.1 — Examples of anechoic terminations

14


https://standardsiso.com/api/?name=d98c92ca2e7047ab0bac63670ef281bd

1ISO 5136 : 1990 (E)

Dimensions in millimetres

Throttle device

250

$355
7‘—-—4—
380
9430
Y5
700
13

91330

800 800 1600 : 2000 - 1730

$530
$650
$900
17
50

ﬁ” 500
1330

1,000 1400 1400 1200 | 1730
~ 3 R
[=4 -
= 8w 8 T
S,
»’ = il
™
; s IM
1400 1200 1000 1730

NOTE — Thd lifiing"is of expanded polyurethane foam of density 32 kg/ m3.

f b} Three catenoidal designs of anechoic termination

Figure C.1 — (concluded)

15
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Dimensions in millimetres

d(1+4)068 S
H 10,34
di+) =
B Y
R ]
850
1700
2500

(tested

Pe
33

Figure C.2 — Example of one-sided anechoic termination
for d < 250 mm, see [10]; for d > 250 mm, two-sided anechoic terminations may be used, see’[14]

Triangular slot covered
with porous material \

S ES

| =9d
b = 0,6d
Flow resistance = 400 Ns/m?3 (= 1oc)

Figure C.3 — Example of anechoic termination
(tested for d < 0,3 m,_see [6])

Dimensions if]

A-A
Mineral wool/20,mm thick
o = 50 kg/m3
Z > 5 kNs/m®
forated sheet
A
% open area
by
' P s T
RS j ©
Mineral wool
o =~ 43 kg/m3
250 to0300 —
L Ao
2
L h

Figure C.4 — Example of two-sided anechoic termination
(tested for d = 400 mm, d = 500 mm, see [18], and for d = 630 mm)

millimetres
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Anechoic termination

Throttling device

Throttle

Throttle

18x012¢

r=0,425d

Y

B«

Exchangeable screen

r=0075d

a)
b)
N o} q)
’ i)
9x01d
D, 4k d
3=032d
x01d

2x01d  4x01d

General d§§|gn of screens NoOs. Zand 3

(Example shown is screen No. 3)

General design of screens Nos. 4 to 10
(Example shown is screen No. 7)

Design of screens

Screen number
Orifice position | 2o 3 4 l 5 | 6 I 7 l 8 9 | 10
in radius
Number of boreholes at radius r;
r 18 |9 -l =-=1=1=-1-=-1-
r - =13 3 3 2 2 2 | —
ry — | — 110|110 | 5 4 5 4 | —
r3 — | — 116 (12 | 8 6 7 4 | —
" — | —-]124116 129 | — | —| —

Figure C.5 — Examples of throttling sections

17
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D.1

pressure reflection

Annex D
(informative)

Evaluation of performance of anechoic terminations

This annex gives an example of the determination of the

coefficient. Calculate the pressure reflection

coefficient, r,, from a measurement of the difference AL be-
tween the maximpmarnd-mminimurmsound-pressuretevets—oc=
curring in the duc} as a result of the standing wave formed by
the incident and the reflected plane waves at each centre fre-
quencies of the frequency bands, using the formula

10AL/20 -]

= —
10AL/20 +

D.2
ficient be measurg
the first cross-mo

% = 0,586 <
d

where

1

b) Make provision for moving a microphone wi

ithout the

sampling tube along the full length of the centreline of the

measurement duct.

1

It is recommended that the pressure reflection coef-
d from 50 Hz to the cut-off frequency, £, of
e, which is given by the formula

c is the speed of sound, in metres per second;

d is the dian
metres.

NOTE — Only at frdg
plane waves exist in|

D.3 A procedu
performance is giy

a) After conn
ation, mount 4
covers the inle

18

neter of the throat of the termination, in

quencies lower than f, can one be sure that only

the duct.

e for evaluating the anechoic~termination
en below.

ecting the test duct to the aniechoic termin-

high-quality loudspeakeér in a baffle which
of the test duct.

c) Apply a pure tone signal from an audio(ostillator to the
loudspeaker, via an amplifier if necessary, for the|centre fre-

quency of the one-third octave band;

d) Filter the microphone signal;/through a narrgw-band or
a one-third octave band analyser and then apply [the filtered

output signal to a graphic(evel recorder.

e) Move the microphene along the axis of thg
ment duct to measuite the difference between thed
and minimumSound pressure levels.

measure-
maximum

f) Take'<the difference between the maximum and

minimum sound pressure levels (AL) and insert
theformula in D.1. Compare the reflection coeffi
tained with the values listed in table 3.

them into
ient r, ob-

g) Repeat steps c), d) and e) for the centre frequencies of

the one-third octave bands between 50 Hz and f,.

h) If the anechoic termination is fitted with a

means of

flow rate control, repeat step g) with the throttle|set to give
maximum flow rate and then to give minimum flow rate.

i) If the graphic level recorder mentioned in
available, manual recording of the maximum ang
sound pressure levels is permitted.

d) is not
minimum
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