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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.

The procedpres—used—to—develop—thi Hent-and-these—intended i
described in the ISO/IEC Directives, Part ia needed-for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may be the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patént-rights. Detajils of
any patent rjights identified during the development of the document will be in the)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the voluntary nature of standards, the :meaning of ISO specific termq and
expressions| related to conformity assessment, as well as information about ISO's adherence tp the
World Tradg Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.ilso.org/iso/foreword.html.

This document was prepared by Technical Committee SO/ TC 192, Gas Turbines, in collaboration|with
Technical Committee IEC/TC 5, Steam Turbines.

This second|edition cancels and replaces the first'edition (ISO 10494:1993), which has been technically
revised.

The main changes compared to the previous edition are as follows:
— the megsurement of airborne noise from steam turbines and steam turbine sets has been added;
— the content has been alignédywith ISO 3744:2010 and ISO 3746:2010;

— the titlg has been updated.
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Introduction

0.1 Background

Control of noise from machines or equipment requires effective exchange of acoustical information
among the several parties concerned. These include the manufacturer, specifier, installer and user of
the machine or equipment. This acoustical information is obtained from measurements.

These measurements are useful only if they are carried out under specified conditions to obtain defined
acoustical quantities using standardized instruments.

The sound power level data determined according to this document is essentially independent of the
environment in which the data are obtained. This is one of the reasons for using sound\pgqwer level to
charjicterize the sound emitted by various types of machine equipment.

Sour|d power level data are useful for the following:

a) ¢alculating the approximate sound pressure level at a given distance from a machine operating in a
gpecified environment;

b) ¢omparing the noise radiated by machines of the same type and-Size;
c) ¢omparing the noise radiated by machines of different typesand sizes;

d) Ietermining whether a machine complies with a specified upper limit of noise emission;

e)

lanning in order to determine the amount of tratsmission loss or noise control req[[,!ired under
¢ertain circumstances;

f) ¢ngineering work to assist in developing quiet machinery and equipment.

This|document gives requirements for the measurement of the noise emission of turbinesfand turbine
sets.|It has been prepared in accordance-with ISO 3740:2000 on the basis of ISO 3744:201(. Due to the
speclal conditions concerning turbines'and turbine sets, it is necessary to define different npise sources
and fo use measurement surfaces differing from those specified in ISO 3744:2010.

For pome environmental codditions, it can be necessary to use the survey methods based on
ISO B746:2010 resulting in(aylower grade of accuracy. Frequency information is still recorded and
repofted.

0.2 Aims

The methods defified in this document apply to the measurement of the noise emission fof a turbine
or tyrbine set'ynder steady-state operating conditions. The results are expressed as soupd pressure
levelf, and sound power levels in A-weighted and in octave bands.

him of thls document is a grade 2 (englneerlng) result (see Table 1). When the correction for

exceeds the 11m1ts of 4 dB but is less than 7 dB, then a grade 3 (survey) result is obtalned (see Table 2).

Measurements made in conformity with this document should result in standard deviations which
are equal to or less than those given in Table 3. The uncertainties in Table 3 depend not only on the
accuracies with which sound pressure levels and measurement surface areas are determined, but also
on the “near-field error” which increases for smaller measurement distances and lower frequencies
(i.e. those below 250 Hz). The near-field error always leads to measured sound power levels which are
higher than the real sound power levels.

NOTE 1 If the methods specified in this document are used to compare the sound power levels of similar
machines that are omnidirectional and radiate broad-band noise, the uncertainty in this comparison tends to
result in standard deviations which are less than those given in Table 3, provided that the measurements are
performed in the same environment with the same shape of measurement surface.
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NOTE 2  The standard deviations given in Table 3 reflect the cumulative effects of all causes of measurement
uncertainty, excluding variations in the sound power levels from test to test which can be caused, for example, by
changes in the mounting or operating conditions of the source. The reproducibility and repeatability of the test
result can be considerably better (i.e. smaller standard deviations) than the uncertainties given in Table 3 would

indicate.

Table 1 — International Standards specifying various methods for determining the sound
power levels of machines and equipment

International Classification Test Volume of Chara_cter of | Sound power
. noise levels
Standard of method environment source obtainahle
Normative
No restrictions; A-weighted|and
1SO 3744 Grade 2 Outdoors or in llmlt.ed only by Any invoctave bands
(engineering) large rooms available test or one-third
environment octave bands
No restrictions;
1SO 3746 Grade 3 No spec1al test llmlt'ed only by Afiy A-weightpd
(survey) environment available test
environment
Informative
Steady, non-
Reverberation Ziiesdﬁsfélllg;& A-weighted|and
Grade 1 room meeting | Less tham2 % of & in octave bands
ISO 3741 - cps bursts of sound
(precision) specified re- |test roonrvolume or one-thjrd
. energy, broad-
quirements . octave bands
band, discrete
frequency
Steady, non-
0, -
Grade 2 Hard-walled test Less than 2,5 % st(.eady., fluctu A-weighted|and
[SO 3743-1 . . of test room ating, isolated |
(engineering) room in octave bands
volume bursts of sound
energy
Steady, non-
Preferably less | St¢ady, fluctu-
Grade 2 Special reverber- y ating, broad- | A-weighted|land
ISO 3743-2 . . : than 1 % of test X
(engineering) | ation testroom band, narrow- | in octave bgnds
room volume .
band, discrete
frequency
&ade 1 (preci- Anechoic- or Preferably less A-weighted|and
ISO 3745 si0n§) hemi-anechoic |than 0,5 % of test Any in one-third
room room volume octave bands
No special test Steady, non-
Crade 2 and 2 environment, No restrictions; | steady, fluctu-
; : but sufficiently | limited only by | ating, isolated | A-weighted and
150 3747 S:gl;uere‘fem)g reverberant; available test | bursts of sound | in octave bands
Y)' |source under test| environment energy, primari-
non-movable ly broad-band
Grade 1, 2 and A-weighted and
1SO 9614-1 3 (p_rec151_on, No spec1al test No restrictionsb Any, bqt st.atlon- in octave bgnds
engineering environment ary in time or one-third
and survey) octave
a  Method to determine the sound power of airborne noise caused by machinery surface vibration specifically.
b For measurements in anechoic or hemi-anechoic rooms limited by the size of the test room.

vi
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Table 1 (continued)
International Classification Test Volume of Chara_cter of Sound power
. noise levels
Standard of method environment source .
obtainable
Grade 2 and 3 . . A-welghted and
. . No special test b | ADY, but station- | in octave bands
ISO 9614-2 (engineering . No restrictions L .
environment ary in time or one-third
and survey)
octave bands
A-weighted and
1SO 9614-3 ) Gra@e_ 1 . No spec1al teft No restrictionsb Any, bqt sLt_atlon- in octave b{mds
(precrsony cnVIromrment ary T eme o1 one-third
ocltave bands
1S0/[r'S 7849-12 Grade 3 No special test | o cirictions Any Alweighted
(survey) environment
A-weighted and
ISO/[T'S 7849-2a Grade 2 No spec1al test No restrictions Any In octave b{mds
(engineering) environment orf one-third
ocftave bands
a  Method to determine the sound power of airborne noise caused by machinery¢surface vibration specificqlly.
b Hor measurements in anechoic or hemi-anechoic rooms limited by the size of the test room.

Table 2 — Limits for correéection

Grade of accuracy Background noise Environment
correction correction
dB dB
Grade 2 <1,3 <4
Grade 3 <3 <7
Special casea >3 >7

a

For higher values of Hackground noise and/or environmental corrections, the real
sound power level cannot be determined with acceptable uncertainty, but the results
can be useful to estintate an upper limit of the noise emission of the turbine or the
turbine set to be tésted.

Table 3 — Uncertainty-in.determining sound power levels and sound pressure levels

as the standard deviation

expressed

Grade of Octave band centre frequency A-weighted
acduracy dB dB
31,5 Hz to 125 Hz 250 Hz to 1000 Hz to 8 000 Hz
63 Hz 500 Hz 4000 Hz
Grade 2 5 3 2 1,5 2,5 2
Grade 3

NOTE 1 Grade 3 uncertainty is related to stable conditions.

NOTE 2 The value of the standard deviation for air intake and gas exhaust outlet of gas turbines can be higher.

© ISO 2018 - All rights reserved
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Turbines and turbine sets — Measurement of emitted

air

borne noise — Engineering/survey method

1 Scope

This document specifies methods for measuring the noise emission of a turbine or turbine set under

steag
mea
sour
obta
and

level

This

c
cond(tlct performance tests even if the purpose of the test is simply to deterinine the sou

y-State Operating ConMditions: it Specifies methods for measuring tire Soumd pressur
urement surface enveloping a source, and for calculating the sound power level prog
Ce. [t gives requirements for the test environment and instrumentation, as well'as te
ning the surface sound pressure level from which the A-weighted sound power.lével ¢
tave or one-third-octave band sound power levels are calculated. These hethods ca

around the machine.

document is applicable to turbines and turbine sets:

Itdo
This

components) located above the floor and inside a cghtinuous enveloping measurement surf

by th

Itis 4
the iy

2

The
cons
unda

IEC 6
IEC 4
IEC 4

jo
or installation on board ships, or offshore installations, f@ad and railway vehicles.

Normative references

r power plant and industrial applications (e.g. stationary);

s not apply to gas turbines in aircraft applications.

document is applicable to only the part of the tuibine set (turbine, driven equipment 3

is floor.

ipplicable to steady-state operation and:excludes transients such as start-up and shut-
oise emission can be higher for shorttimes. Under these conditions, this document do¢

following documents afte)referred to in the text in such a way that some or all of t
Fitutes requirements’ of this document. For dated references, only the edition cited
ted references, the'fatest edition of the referenced document (including any amendme

0942, Electroacoustics — Sound calibrators
1260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Sp

167,25k Electroacoustics — Sound level meters — Part 1: Specifications

e levels on a
uced by the
thniques for
f the source
h be used to
nd pressure

nd attached
hce bounded

down, when

ks not apply.

heir content
applies. For
hts) applies.

bcifications

ISO 3

744:2010, Acoustics — Determination of sound power levels and sound energy levels of i

oise sources

using sound pressure — Engineering methods for an essentially free field over a reflecting plane

[SO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

[SO 6926, Acoustics — Requirements for the performance and calibration of reference sound sources used
for the determination of sound power levels

3 Terms and definitions

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

© ISO
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

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

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

sound pressure

p
difference b

etween instantaneous pressure and static pressure

Note 1 to entry: Adapted from ISO 80000-8:2007, 8-9.2.

Note 2 to ent
[SOURCE: I

3.2

sound pres
Lp

ten times th
square of a |

L

p =10

where the rq

Note 1 to ent]

"y: Sound pressure is expressed in pascals.

0 3744:2010, 3.1]

sure level

e logarithm to the base 10 of the ratio of the square of the sound’pressure (3.1), p, t
eference value, pg, expressed in decibels

pz
832
Po

eference value, po, is 20 pPa

dB

ry: If specific frequency and time weightings as specified in IEC 61672-1 and/or specific freq

bands are applied, this is indicated by appropriate subscripts; €:g. Lpa denotes the A-weighted sound pressure

Note 2 to ent
[SOURCE: I

3.3
time averaj
Lyt
ten times th
(3.1), p, dur

reference v3

Lp,T :1

Fy: This definition is technically in accordarce with ISO 80000-8:2007, 8-22.
0 3744:2010, 3.2]

red sound pressure level

e logarithm to the base 10 of the ratio of the time average of the square of the sound pre
ng a stated time interval of duration, T (starting at t; and ending at ¢3), to the squar¢
lue, po, expressed-irdecibels

12
2
= j p2(t)dt
tq

D 1g dB

b the

lency
level.

ssure
b of a

2
Po

where the referénce value, po, is 20 pPa

Note 1 to entry: In general, the subscript “T” is omitted since time-averaged sound pressure levels are necessarily
determined over a certain measurement time interval.

Note 2 to entry: Time-averaged sound pressure levels are often A-weighted, in which case they are denoted by
Lpa,;1, which is usually abbreviated to Lya.

Note 3 to entry: Adapted from ISO/TR 25417:2007, 2.3.

[SOURCE: IS

0 3744:2010, 3.3]
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soun
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stic free field
d field in a homogeneous, isotropic medium free of boundaries

Note 1 to entry: In practice, an acoustic free field is a field in which the influence of reflections at the boundaries
or other disturbing objects is negligible over the frequency range of interest.

[SOU

3.5
acou
acou

RCE: ISO 3744:2010, 3.6]

stic free field over a reflecting plane
tic free field (3.4) in the half-space above an infinite reflecting plane in the absence

f any other

obst
[SOU

3.6
refld
soun

[soy

3.7

freq
for g
31,5
100

Note
presg

Note
envirn
sourq
limitd
inclu

Note

3.8
refe
hypd
sour

hcles

RCE: ISO 3744:2010, 3.7]

cting plane
d-reflecting planar surface on which the noise source under test is located

RCE: 1SO 3744:2010, 3.6]

iency range of interest
eneral purposes, the frequency range of octave bands with nominal mid-band frequ

0 Hz)

1 to entry: Any band may be excluded in which\the level is more than 50 dB below the
ure level.

2 to entry: For special purposes, the frequency range can be extended or reduced, provided|
onment and instrument specifications,_are satisfactory for use over the modified frequen
es which radiate predominantly high((or low) frequency sound, the frequency range of int
bd in order to optimize the test facility and procedures. Changes to the frequency range o
led in the test report.

B to entry: Adapted from ISO 3744:2010, 3.9.

rence box
thetical right pavallelepiped terminating on the reflecting plane(s) (3.6) on whic
Ce under testisJocated, that just encloses the source including all the significant sou

components and;any test table on which the source is mounted

Note
press

urednéasurements at bystander positions in accordance with, for example, [ISO 11201:2010.

encies from

Hz to 8 000 Hz (including one-third octave bands with mid-band frequencies from 25 Hz to

highest band

that the test
y range. For
erest may be
[ interest are

h the noise
hd radiating

1 to entry: If required, the smallest possible test table can be used for compatibility with enpission sound

RCOCL

[SOU
3.9

1<
19

e]
o
H

s
ING L.

measurement distance

d

distance from the reference box (3.8) to a parallelepiped measurement surface (3.10)

Note

[SOU

© ISO

1 to entry: Measurement distances are expressed in metres.

RCE: ISO 3744:2010, 3.12]
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measurement surface
hypothetical surface of area, S, on which the microphone positions are located at which the sound
pressure levels (3.2) are measured, enveloping the noise source under test and terminating on the
reflecting plane(s) (3.6) on which the source is located

[SOURCE: IS
3.11

0 3744:2010, 3.14]

background noise
noise from all sources other than the noise source under test

Note 1 to er
vibration, an

[SOURCE: I§

3.12
backgroun
K1
correction
the microp
noise (3.11)

Note 1 to ent

Note 2 to enti
band is deno
denoted Kia.

[SOURCE: IS

3.13
environme
K>

try: Background noise includes contribution from airborne sound, noise from structure-}
[l electrical noise in instrumentation.

0 3744:2010, 3.15]

l noise correction

]:jpplied to the mean (energy average) of the time-averaged sound pressure levels (3.3) ov|

one positions on the measurement surface (3.10), to account for(the influence of backgr

'y: Background noise correction is expressed in decibels.

ted K1 where f denotes the relevant mid-band freguéncy, and that in the case of A-weight

0 3744:2010, 3.16]

htal correction

correction applied to the mean (energy average) of the time-averaged sound pressure levels (3.3) ov|

the microph
absorbed so

Note 1 to ent

Note 2 to ent
band is deno|
denoted K2a.

Note 3 to ent
usually K7 in

one positions on the measurement surface (3.10), to account for the influence of reflect
und

"y: Environmental correction is expressed in decibels.

ted K25 wher€)f'denotes the relevant mid-band frequency, and that in the case of A-weight

ry: In general, the environmental correction depends on the area of the measurement surfac
rreases with S.

porne

er all
ound

y: The background noise correction is frequency dependent; the correction in the case of a freqyiency

ng is

er all
ed or

ry: The environmental correction is frequency dependent; the correction in the case of a freqliency

ng is

e and

[SOURCE: IS
3.14

surface time-averaged sound pressure level

Ly

mean (energy average) of the time-averaged sound pressure levels (3.3) over all the microphone positions,
or traverses, on the measurement surface (3.10), with the background noise correction (3.12), K1, and the
environmental correction (3.13), K, applied

Note 1 to entry: Surface time-averaged sound pressure levels is expressed in decibels.

[SOURCE: IS

0 3744:2010, 3.18]
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3.15

sound power

P

through a surface, product of the sound pressure, p, (3.1) and the component of the particle velocity, up,
at a point on the surface in the direction normal to the surface, integrated over that surface

Note 1 to entry: Sound power is expressed in watts.

Note 2 to entry: The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

[SOURCE: ISO 3744:2010, 3.20]

3.16
sound power level

Lw
ten tjmes the logarithm to the base 10 of the ratio of the sound power (3.15) of a source, P, t¢ a reference
valug, Pg, expressed in decibels

P
L, =101lg—dB
w gPo

where the reference value, Py, is 1 pW

Note [l to entry: If a specific frequency weighting as specified in IEG61672-1 and/or specific frequency bands are
appligd, this is indicated by appropriate subscripts; e.g. Lyya denates'the A-weighted sound power lgvel.

Note P to entry: This definition is technically in accordance with ISO 80000-8:2007, 8-23.
[SOURCE: I1SO 3744:2010, 3.21]

3.17
anedhoic room
test room in which a free sound field is obtained

[SOURCE: ISO 3745:2012, 3.7]

3.18
hemj-anechoic room
test foom in which a free sound field over a reflecting plane (3.6) is obtained

[SOURCE: ISO 3745:2012;73.10]

4 Acoustic environment

4.1 | Criteria of adequacy of the test environment

ng plane so
cedures for
determining the magnitude of the environmental correction (if any) to account for departures of the
test environment from the ideal condition. Test environments which are suitable for engineering
measurements permit the sound power level to be determined with an uncertainty that does not exceed
the values given in Table 3.

NOTE If it is necessary to make measurements in spaces which do not meet the criteria of Annex A, standard
deviations of the test results can be greater than those given in Table 3. In those cases, the sound power level
determined according to this document can be useful for obtaining a valid upper limit for the sound power level
of the turbine or the turbine set.

© IS0 2018 - All rights reserved 5
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4.2 (Criteria for background noise

At the microphone positions used, the sound pressure levels of the background noise shall be at
least 6 dB and preferably more than 10 dB (grade 2 result) or at least 3 dB (grade 3 result) below the
corresponding uncorrected time-averaged sound pressure level of the noise source under test when
measured in the presence of this background noise.

For measurements in frequency bands the above requirements shall be met in each frequency band
within the frequency range of interest.

When the sound pressure level of the primary source is less than 3 dB above the background sound
pressure leyelavalidmeasurement of the machine undertest cannotbe made Hthe deltaof the spund
pressure leviel is smaller than 3 dB, the accuracy of the result is reduced and the value of K1 to be@pplied
in this caselis 3 dB. In this case, it shall be clearly stated in the text of the report, as well ag’in‘graphs
and tables of results, that the data from the test represent an upper boundary to the sound power|level
of the noise source under test.

4.3 Wind

Care shall b¢ taken to minimize the effects of wind which can increase the apparent background nojse. A
windscreen|should be used for wind speeds above 1 m/s and the wind speedyshould be less than 5 m/s.

The appropriate instructions provided by the microphone manufacturenp shall be followed.

4.4 Special measurement methods

In cases where the corrections for background noise and far.the influence of the environment exceed
the limits mentioned in 4.1 and 4.2, additional complex measurement methods, which are not part of
this documgnt (e.g. sound intensity analysing devices oriother methods in Table 1) can be used to get an
estimate foi| the noise emission.

If one of these methods is used for performance-tests, the details should be agreed by the supplier and
the customdr.

5 Instrumentation

The instrumentation used shall méet the requirements for Class 1 of IEC 61672-1 for sound level megters.
The octave band filters shall meét the requirements of IEC 61260-1.

6 Installation and 0peration of turbine set

6.1 General

The object under test is the turbine or the turbine set. Components included in the test are to be defined
clearly and agreed to by the parties involved. Usually, they comprise the basic equipment necessary for
the proper operation of the turbine or the turbine set at its final location.

Turbine sets are of all sizes without limitation of output when fitted with their normal auxiliaries. The
applicable part of the turbine set (turbine, driven equipment and attached components) is that which is
located above the floor and inside a continuous enveloping measurement surface bounded by this floor.
An extensive and continuous turbine operating floor of a reflecting nature above the turbine foundation
floor level shall be considered as the reflecting plane.

In the case of large turbine sets, the turbine operating floor is often located below and near the
horizontal centreline of the turbine. If this floor is continuous and free from openings which would
otherwise allow noise radiated below the turbine operating floor to influence the noise measured at
microphone locations, a valid measure of the turbine set noise emission can be obtained by use of this
document.
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In the case where the turbine operating floor is located below and near the horizontal centreline of the

turbi

ne set, but consists of:

a) anopen grating construction;

b) asolid floor with openings near to the boundary of the turbine set; or

c¢) walkways typically 1 m to 2 m wide of either solid or grated construction,

the turbine operating floor cannot be considered as a reflecting plane. In this case, the reflecting plane
is the turbine set foundation floor.

Int

operpting floor or the turbine foundation floor, a large contribution from the noise of'a
auxiliary plant located below the turbine operating floor can be expected at the micrgphon

posit

Whe
pane
are |l
whic
emis

The
turbi
shall

i];e case ol the continuous enveloping measurement surtace being bounded by elther

ions. In this case, the use of this document for the determination of sound power'levels

h openings in the floor are suitably blocked during the test with appropriate panels (4
s should have same reflective characteristics as the turbine operating floor), valid mg
ermitted. In the case of turbine sets mounted on, or partially submerged in, the foun
h can also be defined as the turbine operating floor, a valid measure of the turbi
sion can be obtained by use of this document.

hoise sources for gas turbines and gas turbine sets are different than the noise sourc
nes and steam turbine sets. Measurements that are specific to gas turbines and gas
be conducted in accordance with Annex B. Measurenients that are specific to steam {

steain turbine sets shall be conducted in accordance with Annex C.

6.2
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insul

6.3
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6.4

All a
of it,

Mounting of turbine set

hally, measurements are performed on site, at the completely mounted turbine set fif
ations and lagging.

Operation of turbine set during test

est shall be performed understeady-state operating conditions of the turbine or the turf
hted values of power, speed;temperatures, pressures, etc., as agreed to by the parties iny
'wise specified, base Joad operation shall be applied. Relevant operating conditions and
fitions (temperaturéspressure, humidity, snow, frost) shall be recorded in the test repor

perating conditions should not be changed during the measurements.

Auxiliary equipment and coupled machines

xilia¥y equipment which is necessary for the operation of the turbine set under test,
shall not significantly influence the noise measurement.

the turbine
hcillary and
P measuring
is not valid.

pper side of
asurements
dation floor,
he set noise

bs for steam
turbine sets
urbines and

ted with all

bine set with
Folved. If not
htmospheric
-

but not part

7 Sound pressure levels on the measurement surface

7.1

Reference surface and measurement surface

The relevant reference surface is composed of several separate reference boxes placed in juxtaposition
so that they enclose only the different parts of the turbine set, including its lagging and any noise control
screen and enclosures. The surface terminates on the reflecting plane. When defining the dimensions
of these reference boxes, elements protruding from the source which are not significant radiators of
sound energy may be disregarded. These protruding elements should be identified for different types
of equipment.
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The microphone positions lie on the measurement surface, a hypothetical surface of area, S, which
envelops the source as well as the reference box(es) and terminates on the reflecting plane.

For turbine sets, regardless of their size, the measurement surface shape is composed of rectangular
parallelepipeds (see Figure 1), whose sides are parallel to the sides of the reference boxes spaced
out at a distance, d, (measurement distance) from the reference boxes. For turbine sets with multiple
unconnected reference boxes spaced less than 3,5 m apart, the measurement surface shape shall
encompass the reference boxes without re-entrants. In this sense, a re-entrant is defined as the
extension of the measurement surface into the area between reference boxes. The typical measurement
distance, d, is 1 m but larger distances can be used if necessary.

1
1
A 1
1
i
1
i ~—
1
§ i I :‘/ : 7'y
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T ! I I T ot
| | 11 | i S
T | | g
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I D 111 | ! t
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j h e lh e Iy N
I I
hy = chyy = chyz A S "E_T“"""":
N — ___'r ______________________ I T ' %
7'y i d '_ I '
1
B | | 3 <
< T 1] 2 | : *
: L 2 y 1 ! ¢
Key
1,2,3 cpmponents of turbin€set 4  reflecting surface
hi, hp, h3  hpights of components reference surfaces 5 reference surfaces / reference boxes
w1, wp, w3 Widths of components reference surfaces 6  measurement surface
1,1, 13 lgngths of comiponents reference surfaces 7  penetrations of component measurement surfaces
cw12, cw23 cpmmonswidths between components
dths bet p t
ch1z, chy3 cpmmon heights between components
d neasurement distance

Figure 1 — Calculation of measurement surface

8 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=3c9241d5947d25c758ceffc55e0ae98d

ISO 10494:2018(E)

According to Figure 1, the area S of the measurement surface can be calculated for this example from

Formula (1):
S=2(hy +d)(wq +1; +4d)+(l; +2d)(w; +2d)
+2(hy +d)(wy +1, +4d)+ (I, +2d)(w, +2d)
+2(h3 +d)(w3 +13 +4d)+(I3 +2d) (w3 +2d) (1)
—[2(ch12 +d)(ecwq, +4d)+2d(cwq, +2d)]

—[2(chyz +d)(cw 3 +4d)+2d(cw 3 +2d) |
Or mfore generally (IOI‘ arrangements 1n one lme), Formula (2] may be used:

§=>2(h +d)(w, +1, +4d)+(w, +2d) (I, +2d)
. (2)

_Etz(chﬁ+1 +d)(cw,,, +4d)+2d(cw,,, +2d)
i=1

ii+1 ii+1

where
§ is the total measurement surface;

i is the number of components.

In general (for all arrangements above one reflecting‘surface), the measurement surface can be
calcylated from Formula (3):

§=5->P,
i=1 i=1

§,=2(h+d)(w, +1,+4d)+ (I, +2d)(wy2d) (3)

. =2(ch,, +d)(cw,, +cl,, +4d)+(cl;+2d) (cw,, +2d)

whertte

§ isthe total measurement surface;

§; isthe partial meastrement surface of component I;

n  is the numberof components;

F; is the-penetration between partial measurement surfaces of components x and y;

m is\the number of penetrations.

7.2 ~Locatiomanmd mumber of micropiione positions

7.2.1 General

The microphone positions shall be arranged on the measurement surface at equal distances from
each other. The distances are such that there is at least one measurement position at each section
of the turbine set. In the vicinity of local discharges, the microphone positions shall be such that the
microphones and cables are not exposed to the flow. The number of microphone positions depends
on the area of the reference box and the difference in the sound pressure levels at the microphone
positions.
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7.2.2 Additional microphone positions on measurement surface
The number of microphone positions shall be increased when:

a) the range of sound pressure level values measured at the microphone positions (i.e. the difference,
in decibels, measured in octave bands or A-weighted, between the highest and lowest sound
pressure levels) exceeds the number of measurement points; or

b) noise is emitted by only a small part of a large machine, e.g. from a small opening. Then the
measurement surface shall be divided into different parts with different distances between the
microphone positions at each part. For each part of the measurement surface, the partial sound
power lnvp] shall he determined. The total sound pnurar level of the machine is then r‘:\]r‘n]::fnd by

summarizing the partial sound power levels.

For the indiyidual partial measurement surfaces, the partial sound power level, L, in decibels, shall be
calculated by using Formula (4).

— S,
Ly =L, +101g[5 JdB (4)
0

L, is the surface sound pressure level of the jth partial measurentent surface;

Sj isthe area of the jth partial measurement surface;
So 1 m2.

The n individual partial sound power levels can be combined using Formula (5) to give the total spund
power levelin decibels, as follows:

Ly, =101g| > 10" \dB (5)

g
j=1

where

n is tIe total number of partial’ sound powers levels;

Ly is the partial sound power level, in decibels.
It is possibl¢ that microphone positions need to be deleted in cases where they cannot be reachdd, or
where measjurement atthese positions is dangerous, or where results were falsified. e.g. by temperature,
steam, humldity, streng electric or magnetic field.

Care should
circumstang
at any measurement locatlon are different from the general env1ronmental correctlon of the test site
then an individual correction should be derived for each measurement location affected. Record the
measurement location, height and the distance from any reflecting structure other than the ground.

If the purpose of the test is to determine the sound pressure level around the machine, it is sufficient to
measure at a distance of 1 m and a height of 1,5 m above floor or equivalent.

If a turbine is mounted on a foundation high above ground, some of its parts can radiate noise into the
room below the operating floor. At these locations, the noise often comes mainly from equipment which
is not part of the turbine set. Because of this high background noise, no microphone positions for this
area can be recommended. This area can be neglected for the determination of the sound power level
of the turbine set as its radiating surface in this area is small compared with the total surface of the
turbine.
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7.2.3 Surface noise

Surface noise is the noise that emanates from the measurement surface of the turbine or the turbine set.

The surface of the turbine or of the turbine set is, according to the definition given above, the outer
contour of the turbine or the turbine set ready for operation.

In some cases, (e.g. compact machines) the noise emitted by the openings and by the surface cannot be
determined separately as the openings are situated within the measurement surface of the machine. In
such cases, the total noise emission of the turbine set shall be determined at the microphone positions
on a measurement surface enveloping the turbine or the turbine set including the openings for air

intal

e andexhaust

For 5
encld
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7.3.1
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Such
from|
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NOTH

At t
inci

7.3.2

Duri
shall
at on
anny
Syste
2 yed

7.3.3

Follo|
time
are g
pres

sure including that from openings in the enclosure.
Conditions of measurement

General

fonmental conditions can have an adverse effect on the microphone used for the me
conditions (e.g. strong electric or magnetic fields, wind, imfpingement of air or steam
the machine being tested, high or low temperatures) shadll be avoided by proper
ment of the microphone.

For additional information, see IEC 60268-4 and [EC'61672-1.

e measurement positions, the microphone shall be directed with its specified main a
ence toward the machine.

Calibration

hg each series of measurements,a'sound calibrator meeting the requirements of IEC 6

be applied to the microphone to’verify the calibration of the complete instrumentd
e or more frequencies within the frequency range of interest. The calibrator shall b
ally to determine its acoustical output. In addition, an electrical calibration of the instj
m over the entire frequency range of interest shall have been carried out within th
rs.

Measurement of the A-weighted sound pressure level

wing seleetion of the appropriate microphone locations on the rectangular array, the
averaged-sound pressure levels are measured at each of the specified positions. After
pplied-for background noise (see 8.1), this data are used for the calculation of the sy
bure tevel and sound power level according to 8.3 and 8.4.

ome types of turbines an enclosure is included. Then the “surface noise” is the nojse'enpitted by the

hsurements.
discharged
selection of

xis of sound

D942 Class 1
tion system
e calibrated
umentation
e preceding

A-weighted
corrections
rface sound

7.3.4 Measurement of sound pressure spectrum

For the determination of spectra, the sound pressure level is measured in a way similar to that given
in 7.3.3 and the measurement time shall be at least 10 s. For the frequency bands centreed on or below
160 Hz, the measurement time shall be at least 30 s.
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If background sound pressure levels need to be taken into account, they shall be measured at a
representative number of microphone positions, before the machine under test is put into operation or
after it has been taken out of operation.

NOTE Background noise emitted by components which are not part of the turbine set but are necessary
for its operation and which can operate only together with the turbine or the turbine set (e.g. pumps, valves,
pipes), usually cannot be determined exactly. It is seldom possible to screen the test object sufficiently in order
to determine its noise emission or to screen the background noise source for measurement of the structure-
borne noise. In those cases, it can be more appropriate to use an alternative measurement method such as sound
intensity per ISO 9614 or other methods in Table 1. If the background sound levels are excessive, it is not possible
to measure the sound levels from the turbine per this document.

8 Calculation of surface sound pressure level and sound power level

8.1 Corrections for background noise

The backgrqund noise correction, Kj, shall be calculated using Formula (6):

K, lg(1-10"""*")dB (6)

where

ALP =L

(sT)

Lp(B]

in which

he
nder

is the mean frequency-band or A-weighted.fime-averaged sound pressure level from t
array of microphone positions over the measurement surface, with the noise source u
test in operation, in decibels;

’
Lp(ST)

is the mean frequency-band or A=weighted time-averaged sound pressure level of the
background noise from the array of microphone positions over the measurement surf
in decibels.

'p(B) hce,

sent.
bved.
hoise
F this

During measurements at turbinesfand turbine sets, unavoidable background sound can be pr¢g
If a backgrqund noise correction,)K1, of up to 1,3 dB is required, then a grade 2 result is achi
For corrections greater than ;3 dB up to 3 dB, a grade 3 result is achieved. If the background
correction if greater than,3dB, then the accuracy of the result falls outside the requirements o
document.

Sometimes

high background levels are present only at some of the microphone positions. Wher

known fron
useful resu

s €an be obtained by deleting the microphone positions at the site of high backgr
sound pressjur@levels.

other'measurements or the design of the machine that its noise emission is symmet

it is
rical,
pund

On-site measurements can result in impulse or occasional noise which is not due to the turbine

installation

12

itself. Measurements made under such conditions are invalid.
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8.2 Calculation of sound pressure level averaged over the measurement surface

For the A-weighted sound pressure level and the level in each frequency band of interest, calculate an
average sound pressure level over the measurement surface, from the measured sound pressure levels

L,y by using Formula (7).

. 1 0,11 cr
Lyt =101g|:N—210 pics )}dB (7)
M i=1
where
L;J(ST) is the A-weighted or band pressure level resulting from the ith measurement{in decibels;

reference = 20 uPa;
Num is the total number of measurements.

NOTH Any derived average sound pressure levels is averaged on an energy basis as defined [above unless
otherjwise agreed to by the parties to the test.

8.3 | Calculation of surface time-averaged sound pressure levels

The surface time-averaged sound pressure level, L_, shall be ¢al¢ulated by correcting themean time-

averaged sound pressure level, L;(ST) , for background noise{K3, see 8.1) and for the influeng¢e of the test
envifonment (K, see Annex A) using Formula (8):

1

Lp(ST)

K, -K, (8)

p =
The lenvironmental correction, Kz, accounts, for the influence of a non-ideal environmént (e.g. the
pres¢nce of sound absorption or reflected sound).

a) [or accuracy grade 2:

For grade 2 accuracy, K7 shallibe less than or equal to 4 dB. The procedures given in Apnex A shall
e used to calculate the vdlue of the environmental correction, K.

b) For accuracy grade 3;

or grade 3 accutacy, Kz shall be less than or equal to 7 dB. The procedures given in Ahnex A shall
e used to calculate the value of the environmental correction, K.

8.4 | Calculation of sound power level

Calcylate the sound power level characterizing the noise emitted by the source from Formyla (9).

L, =§+101g5idB 9

0

where

S isthe area, in square meters, of the measurement surface;

So 1m?2.
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8.5 Calculation of directivity index and directivity factor

If required, values of the directivity index and directivity factor may be calculated using the procedures
given in Annex D. For determination of gas turbine exhaust outlet directivity, this document does not
apply, however, information can be found in Bibliographic reference [18].

9 Information to be recorded

9.1 General

The following information, when applicable, shall be compiled and recorded for all measurements jnade
according tq the requirements of this document.

9.2 Nois¢ source under test
a) Description of the turbine set under test (including its dimensions).
b) Operatipg conditions for instance power, speed, temperatures, pressures, mass flows, etc.

c) Mountipg conditions and location of the turbine operating floor in relation to the turbine sef and
the founpdation floor.

d) If the machine has multiple noise sources which are only ‘temporarily operating sourfe(s),
description of the source(s) in operation during measurements;

e) Numbey and location of auxiliary and ancillary plant noisé’sources likely to influence the nojse at
microplone locations.

f) Number, type, location and extent of noise controlsereens and/or enclosures.

9.3 Acoustic environment
a) Description of test environment:

If indoofs, describe physical treatment of walls, ceiling and floor; include a sketch showing lochtion
of sourde(s), all room contents dndother important details, for example, openings in the floor.

If outddors, include a sketchshowing location of the source with respect to surrounding teyrain,
including physical description of the test environment. The nature of the reflecting (ground) plane
shall be|recorded.

b) Acoustifal qualifieation of test environment according to Annex A.

c) Air temperature, barometric pressure, relative humidity, snow, and frost.

d) Wind speéd and direction (for outdoor measurement only).

e) Sound power output of the reference noise source, if used.

9.4 Instrumentation
a) Equipment used for the measurements, including name, type, serial number and manufacturer.
b) Date and place of calibration of the instrumentation system.

c¢) Method used for checking the calibration of the microphones and other measurement equipment.
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Acoustical data

The locations of the microphone positions (a sketch can be included, if necessary) and the

measurement distance.
The area(s), S, of the measurement surface(s).
The measured sound pressure level, Lyj, at each measurement point, i.

The background sound pressure level at each measurement point.

Information for calculating the environmental correction factor according to one of the procedures

If Annex A.

emarks on subjective impression of noise (audible discrete tones, impulsive gharac
¢ontent, temporal characteristics, etc.).

Date and location

location, time, and date when the measurements were performed, the name of

responsible for the measurements, and names of any witnesses.

10
The

L

[est report

est report shall contain the information indicated in '€lause 9 and the statement tha

have|been obtained in full conformity with the procedures of this document and the grade

Only|data (see Clause 9) need be reported which is\tequired by the ultimate user of the infd

ter, spectral

the person

[ the results
bf accuracy.

rmation.

bens and/or

under test,

The following minimum data shall be reported:

a) dlescription of the turbine under test, including the provision of noise control scr
¢nclosures;

b) ¢perating conditions;

c) the sound pressure levels_at each microphone position all around the turbine set
¢orrected for the backgreund noise;

d) ¢nvironmental corréction factor(s);

e) the surface spund pressure level(s);

f) if required)the sound power level(s);

g) the date and time when the measurements were performed.

Inso
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Annex A
(normative)

Qualification procedures for the acoustic environment

A.1 Gene

ral

An enviromlnent providing a free field over a reflecting plane shall be used for measurements llnade

according td
ordinary ro

With the ex
possible fro
measureme

a)

q

inside
bounda

b) outside

For outdoor
sound-refle
from the so
correction, 4

An obstacle
diameter of

The evalua
procedures
are used to
measureme

The first pd
cannot be m

The second

The third pd
width each ]

The free-fie

bm if the requirements given below are satisfied.

Ception of the reflecting plane, reflecting objects shall be removed to thesmaximum e
I the vicinity of the machine under test. A test room shall ideally provide a hypothg
ht surface which lies:

test sites which consist of a hard, flat ground surface sutich as asphalt or concrete, and wi

this document. This environment may be a hemi-anechoic room, an outdoor sgpace,

the near field of the sound source under test.

ting obstacles within a distance from the sourceequal to three times the greatest dist
rce centre to the lower measurement points, it'can be assumed that the environm
(7, is less than or equal to 0,5 dB and is, therefore, negligible.

in the proximity of the source may be considered to be sound reflecting if its width

fion of environmental influences“is performed by selecting one of three altern
used to determine the magnitude of the environmental correction, K. These procec
determine if any undesired-environmental influences are present and to qualify a §
ht surface for an actual seurce under test according to this document.

ssibility for test (Reverberation method; see A.3.2) may be used if the source undej
oved and if its dimiensions are large. This test requires measurements of reverberation

possibility fontest (Direct method; see A.3.3) is carried out with a reference sound soy

ess than three times the ceiling height.

dqualification on a given measurement surface is satisfied by a given test room if the

sound field essentially undisturbed by reflections from objécts nearby and the t
ries; and,

Q pole or supporting member) exceeds one-tenth of its distance from the reference boy.

pr an

Ktent
ptical

oom

th no

ance
ental

(e.g.

ative
lures
riven

test
time.

rce.

ssibility‘for test (Approximate method; see A.3.4) shall be used only in rooms of length and

ratio

of the soundabsorption, 4, of the room to the area, 5, of the measurement surtace 1s sulficiently large.
In general, ratios A / S > 10 require no environmental corrections. For ratios A / S between 10 and 3, an
environmental correction, K, can be determined according to the procedures given in this annex. In
this case, K3 is usually smaller than 4 dB. For ratios A / S < 3, the room correction factor, K3, can exceed
4 dB and cause greater uncertainty for the sound power level determinations than those given in
Table 3. If the measurement surface cannot be reduced and/or the environment cannot be improved, the
measurements performed are of grade 3 accuracy. The reflecting plane should satisfy the requirements
given in A.2.1. For outdoor measurements, additional precautions given in A.2.2 should be considered.
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A.2 Environment conditions

A.2.1 Properties of reflecting plane

For outdoor measurements, the reflecting plane should be undisturbed earth, gravel, or an artificial
surface of concrete or sealed asphalt. For indoor measurements, the reflecting plane is usually the floor
of the room or a solid turbine operating deck.

When the reflecting surface is not a ground plane or the floor of the test room, care should be taken to
ensure that the reflecting surface does not radiate any appreciable sound energy due to vibrations.

A.2.1.1 Shape and size

The [reflecting plane should extend at least one-half a wavelength beyond the"proje¢tion of the
meagurement surface on the plane for the lowest frequency of the frequency rangéof interest.

A.2.1.2 Absorption coefficient

The pound absorption coefficient of the reflecting plane should preferably be less than P,1 over the
frequency range of interest. This requirement is usually fulfilled when outdoor measurements are
mad¢ over concrete, sealed asphalt, sand or stone surfaces. For indéor measurements, wodden and tile
floors are permitted.

A.2.2 Precautions for outdoor measurements

Care|should be taken to minimize the effects of adversé meteorological conditions (e.g. temperature,
humidity, wind, precipitation, frost) on the sound propagation over the frequency range of interest or
on the background noise during the course of the“measurements. Extreme meteorologicql conditions
should be avoided during the measurements.

If a device is used to shield the microphone from the effects of wind, proper corrections of the measured
sound pressure levels shall be made. In.all cases, the precautions indicated by the manufagturer in the
instrjuctions for the use of the instrumeént shall be observed.

A.3 | Determination of the’environmental correction based on room absdgrption

A.3.1 General

The ¢nvironmentalkcorrection, K7, shall be calculated from Formula (A.1):
S
K, :101g[1+4z}dB (A1)

where

A isthe equivalent sound absorption area, in square meters, of the room;
S isthe area, in square meters, of the measurement surface.

A.3.2 Reverberation method

This test method shall be used only in rooms of length and width each less than three times the
ceiling height.
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The equivalent sound absorption area, 4, in square meters, of the test room shall be calculated by the
Sabine reverberation time equation Formula (A.2). At room temperatures between 15 °C and 30 °C:

(A.2)

A:0,16K
Tn

where

V  is the volume, in cubic meters, of the test room;

Tn is the measured reverberation time (see ISO 3382-2), in seconds, for A-weighting or in fre-

quency bands.

For the pufpose of determining Kza directly from A-weighted measured values, the fise o
reverberati¢n time measured in the frequency band with a mid-band frequencyof1 Kk}
recommendgd.
This method is not suitable for use in a laboratory-quality hemi-anechoic room or for ouf
measurements.
A.3.3 Determination of the equivalent absorption area A with a reference sound sou
(direct method)

A reference

environmenjt near the noise source under test. The radius of the hemispherical measurement su

should be p
diameter of
be greater t

NOTE N
reference sou
sound sourcd
errors can od

The microphone positions shall be on the\fixed point array with the coordinates given in [SO 3744:

Table B.2. If
of accuracy,
in ISO 3746:

The mean b|

source on the hemispherital measurement surface, Lyy sjty) » shall then be determined in accord

with 8.2 an(

The equival

sound source meeting the requirements of ISO 6926 shall be mounted in the

referably 2 m, but in no case smaller than 1 m andnot smaller than two times the la
the reference sound source. The distance from the source to other reflecting surfaces
han the diameter of the measurement hemisphere.

rmally the reference sound source is calibrated for use in positions away from walls wit|
rce either directly on the floor or on a stand-at a specified elevation above the floor. If the refe

is used in other positions, unless it hasibeen calibrated specifically in these positions, syste
cur at low frequencies.

environmental conditions-make it necessary to use the survey methods with a lower g
then the microphone pgsitions shall be on the fixed point array with the coordinates §
2010, Table B.2.

Ackground noise=corrected time-averaged sound pressure level from the reference s

| 8.3.
bnt absarption area, 4, is then calculated using Formula (A.3):
4S

[ the
iz is

door

rce

test
rface
rgest
shall

h the
rence
matic

v010,
rade
riven

bund
ance

A

A.3)

(S /SO )X 100’1LLp[in situ)_LW(RSS]J -1

where

S

So

Lp(in situ)

Lw(rss)
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is the area, in square meters, of the hemispherical measurement surface;

1 mz;

ence of the environment (see 8.3), in decibels;

is the mean time-averaged sound pressure level of the reference sound source mounted
near to the noise source under test, corrected for background noise but not for the influ-

is the sound power level of the calibrated reference sound source under the meteorologi-

cal conditions of the test, in decibels.
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If the static pressure or other atmospheric conditions differ significantly from the reference conditions
for the determination of the calibrated sound power level of the reference sound source, Ly(rss),
calculation of the sound power level of the reference sound source under in situ conditions, Ly(Rrss,in
situ), 1s recommended, in accordance with the manufacturer's instructions.

If Lw(rss) is not known, or if it is not possible to calculate Ly(rss,in situ) from Lw(rss), repetition of
the measurements described above with the reference sound source in an acoustic free field over a
reflecting plane outdoors to obtain a reference mean time-averaged sound pressure level, Lp(ref), is
recommended. From these measurements the equivalent absorption area in the environment where
the noise source under test is mounted is calculated using Formula (A.4):

4.C

TJ

A=

1 00,1[L

A.3.4 Approximate method for measurements made with A-weighting

This|test method shall be used only in rooms of length and width each less than thre
ceiling height. In order to ascertain the acoustic characteristics of the test environment,

detefmined from Formula (A.1) using a value of A given by Formula (A.5):

p(in Situ)_Lp(ref] :I _ 1

(A4)

e times the
K> shall be

A=aSy (A.5)
wherre
&« is the mean sound absorption coefficient, givenfor A-weighted quantities in Table A.1;
§v isthe total area, in square meters, of the boundary surfaces of the test room (wallg, ceiling
and floor).
Table A.1 — Approximate values of the mean sound absorption coefficient, |«
Megan sound absorption Description of room
coefficient, a
0,05 Nearly\empty room with smooth hard walls made of concrete, brick, plaster or tile
0,10 Partly empty room; room with smooth walls
0,15 Right cuboid room with furniture; right cuboid machinery room or industrial room
0,20 Irregularly shaped room with furniture; irregularly shaped machinefry room or
industrial room
0,25 Room with upholstered furniture; machinery or industrial room with sound-ab-
sorbing material on part of ceiling or walls
0,30 Room with sound-absorbing ceiling, but no sound absorbing materials on walls
0,35 Room with sound-absorbing materials on both ceiling and walls
0,50 Room with large amounts of sound-absorbing materials on ceiling and walls

A.4 Qualification requirements for measurements outdoors

For very large rooms in relation to the volume of the turbine set, and for workspaces which are not
totally enclosed, the value of the environmental correction, K7, may be assumed to be equal to zero. For
measurements outdoors, the reflecting plane shall have properties defined in A.2.1 and the background
sound levels shall meet the requirements of 4.2.

© ISO 2018 - All rights reserved
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Annex B
(normative)

Gas turbines

B.1 General

In general, |
from each o

B.2 Soun

For gas turb

20

the surfface of the machine itself;

the inlet

the opening of the air intake (intake-inlet noise);
the exhaust of the turbine (turbine-exhaust noise);

the opening of the exhaust (exhaust-outlet noise);

the sum

d sources

microphone positions shall be arranged on the measurement surfaces at equal distqnces
ther, with at least, one measurement position at each section of the gas turbine set.

ines and gas turbines sets, different noise sources can be defined (se€ Figure B.1), as follows:

of the compressor (compressor-inlet noises);

of the noise emitted by the surface, and the*openings of intake and exhaust (total noide).
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5\ /3

—~—_\

Key
das turbine
dompressor inlet
intake inlet
furbine exhaust
gxhaust outlet

N U1 A W N

dilencer
Figure B.1 — Identification of principle noise sources, gas turbine

For dome gas turbines an enclosute is included. In those cases, the noise needs to be measyred outside
of thg enclosure. Auxiliary equipment and different types of driven machinery may also bg included in
a turpine set (see Figure B.2).
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ine 6 silencer
gas turbine enclosure 7  gas turbine enclosureventilation air outlet
gas turbine intake inlet 8 base plate
gas turbine enclosure ventilation air inlet 9  separate auxilidries

ine exhaust outlet 10 driven equipment (cold end drive)

NOTE Dyiven equipment can be hot or cold end drive dependingupon gas turbine design

Figure B.2 — Identification of principle-hoise sources, gas turbine set

B.2.1 Intjke-inlet noise

The intake-inlet noise is the noise emitted from the opening of the air intake of the gas turbine or the
gas turbine pet into the atmosphere.

B.2.2 Compressor-inlet noise

The noise ermnitted from the compressor into the inlet system is called compressor-inlet noise.

B.2.3 Turbine-exhaustnoise

The noise erpitted from the turbine into the exhaust system is called turbine-exhaust noise.

B.2.4 Exhjaust-outlet noise

The exhaust-outlet noise is the noise emitted from the opening of the exhaust of the gas turbine or the
gas turbine set into the atmosphere.

B.2.5 Total noise

For a small installation where the air intake and gas exhaust are included in the reference box, the total
noise is measured.

B.2.6 Auxiliary equipment and driven machines

Components included in the test are to be defined clearly and agreed to by the parties involved. Usually,
they comprise the basic equipment necessary for the proper operation of the gas turbine or the gas
turbine set at its final position.
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All auxiliary equipment which is necessary for the operation of the turbine set under test, but not part
of it, shall not significantly influence the noise measurement.

B.3 Microphone positions gas turbine

B.3.1 Surface noise

The gas turbine or the gas turbine set is enveloped by a hypothetical reference surface, which is the
smallest rectangular parallelepiped that just encloses the source and terminates on a reflecting plane,
also when there is a distance between the machine and the reflecting plane. (See Figures B.3 and B.4).

A reference surface composed of several rectangular parallelepiped surfaces can be used, in case of
largg machines.

Depgnding on the design and/or the dimensions of the machine set, the openings for air intake and
exha.tst may be situated within the measurement surface.

The measurement distance, d, shall be 1 m from the reference box to the measurement surflace.
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L d
Key
. key mierophone positions d measurement distance, 1 m
o hdditional microphone positions hpy  height of microphone locations over reflective surface
1 refléctive surface l; length, height, width of reference box
2 reference box
3 measurement surface

Figure B.3 — Microphone locations and measurement surface for small gas turbine sets
(I1<2m;I<2m;l3<2,5m)
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1
Key

e key micrpphone positions 6 auxiliagies

O  additiongl microphone positions d measurement distance, 1 m

1 reflectivg surface hy, . height of microphone locations over reflective syrface
2 reference box [; ~\length, height, width of reference box

3 measurement surface

4 enclosurg (optional)

5 driven equipment (hot end drive)

NOTE Driven equipment can be hot or¢old end drive depending upon gas turbine design.

Figure B.4 — Microphone locations and measurement surface for medium and large gas turpbine
sets (I1>2m; I >2m; [3>2,5m)

B.3.2 Key/microphose positions on the measurement surface

In Figures B.3 and ‘B4, the location of the key microphone positions is prescribed by black filled cifcles.

B.3.3 Additional microphone positions on measurement surface

The number of additional microphone positions depends on the dimensions and on the number of
different parts of the complete turbine set. Beginning at the key microphone positions, additional
positions are arranged at equal distances around the gas turbine set. The distances are such that there
is at least one measurement position at each casing of the turbine set.

Especially at large gas turbine sets it is often unreasonably complex to measure also the overhead
positions. In those cases, these optional measurement positions may be deleted.

B.3.4 Intake-inlet noise

The shape of the measurement surface and the microphone positions depend on the dimensions of
the openings and their location with respect to reflecting surfaces. The most suitable of the examples
shown in Figures B.5 or B.6 shall be used.
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The intake-inlet noise can only be measured separately when the distance between the air-intake
opening or the exhaust opening and the gas turbine or the gas turbine set is sufficient for the correction
for background noise, K1, not to exceed 1,3 dB for a grade 2 result or 3 dB for a grade 3 result.

Since the method described above is for measurement of the intake opening only, the surfaces of the
inlet ducting and filter house should be measured separately in accordance with B.3.1.

d

1,2

Key

d
Dr

2
S=20752[D—R+E]+—DRTt

o easuring point (there are nine)
:Eeasurement distance (d =1 m)
i

side inlet duct diameter

2 b4 4

For Dir/d < 0,18, the following formula is sufficient:
2
S= 41E(D—R + dj
2
NOTH See Annex D for the effects ofTeflecting planes.

Figure B.5 — Measurementsurface and microphone positions for measuring the intake-inlet
noise when no reflecting plane exists
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measuring point
air inlet area
air inlet width

o
1
a
b  airinlet height
d measurement distance (d =1 m)
S=ab
Figure B.¢ — Measurement surface and microphone positions for measuring the intake-inlet
noise emitted-from inlet systems of the gas turbine

B.3.5 Compressor-inlet ngise

At present, there is no International Standard available for the determination of the sound power(level
in pipes and ducts. ThuSythe sound power level of the compressor-inlet noise can only be deternjined
indirectly from the spuitd power level of the intake-inlet noise, taking into account the sound attenuption
between the compxessor inlet and the air-intake inlet when known.

When therd areno noise- attenuatmg devices (sﬂencer elbow etc) or additional sources in thle air
intake syste Gu3
power, which is then evaluated in the same way as the 1ntake mlet noise.

B.3.6 Turbine exhaust noise

As there is no basic International Standard for sound power determination in pipes and ducts, and
no microphones meeting the requirements of IEC 60268-4 at gas turbine exhaust temperatures are
available, the turbine-exhaust noise cannot be measured directly. It can be estimated as the sum of the
exhaust-outlet noise and the noise attenuation of the exhaust system, if these are known.

If there are no attenuating devices (silencer, elbow, etc.) or additional noise sources in the exhaust
system, the turbine exhaust sound power is approximately equal to the exhaust-outlet sound power,
which is evaluated in the same way as the exhaust-outlet noise.
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B.3.7 Exhaust-outlet noise

The shape of the measurement surface and the microphone positions depend on the dimensions of
the opening and their locations with respect to reflecting surfaces. The most suitable of the examples
shown in Figures B.7 to B.9 shall be used.

The exhaust-outlet noise can only be measured separately when the distance between the exhaust
opening or the air-intake opening and the gas turbine or the gas turbine set is sufficient for the correction
for background sound, K14, not to exceed 1,3 dB for a grade 2 result or 3 dB for a grade 3 result.
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NOTE

and the customer.

Where access problems arise, other methods can be used by agreement between the manufacturer

Figure B.7 — Measurement surface and microphone positions for measuring exhaust-outlet

28

noise when no reflecting plane exists
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