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reword

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.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria née
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documentmay be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rights
patent rights identified during the development of the document will.be/in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to'the WTO principles in the Technig

committee responsible for this document is ISO/TC 117, Fans.

27327 consists of the following parts, undér the general title Fans — Air curtain units:
Part 1: Laboratory methods of testingfor aerodynamic performance rating

Part 2: Laboratory methods of tésting for sound power

following parts are under preparation:

Part 3: Test method to determine energy effectiveness [ Technical Report]

5 corrected versiortof 1SO 27327-2:2014 incorporates the following correction:

the sentence <This first edition of ISO 27327-2:2014 cancels and replaces ISO 13347-
ISO 13347:2:2004” has been removed from the Foreword.
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Introduction

The need for this part of ISO 27327 has been evident for some time. While a number of national standards
exist for the measurement of fan noise, none addressed the particular considerations required for the
noise testing of air curtain units.

FormingpartoftheISO/TC117 seriesoffanstandards, thispartofISO 27327 dealswith the determination
of the air curtain unit sound power level appropriate to a particular application. In describing the test
and rating procedures, numerous references are made to ISO 5801 and ISO 13347, as well as to other ISO
standards.

The test prpcedures described in this part of ISO 27327 relate to laboratory conditions. The measurerxlent
of performpnce under site conditions is not included. Acoustic system effects can be considerable where
the airflowf into and out of the air curtain unit is not free from swirl nor fully developed.

This part of ISO 27327 describes methods for determining sound power levels of air curtain units in ¢ne-
third-octaye bandwidths and one-octave bandwidths.

Data obtaimed in accordance with this part of ISO 27327 can be used for the following purposes, amongst
others:

a) compalrison of air curtain units which are similar in size and type;
b) compalrison of air curtain units which are different in size, type)design, speed, etc.;

c) determpining whether an air curtain unit is suitable for a specified upper limit of sound emission;

d) scaling air curtain unit noise from one size and speed t0.another size and speed of the same type of
air curjtain unit;

e) predicfion of sound pressure level in application-ef the air curtain unit;

f) engindering work to assist in developing machinery and equipment with lower sound emission.

vi © ISO 2014 - All rights reserved
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5 part of ISO 27327 deals with the determination of the acoustic performance of-air cu

llary device.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

266:1997, Acoustics — Preferred frequencies

3740:2000, Acoustics — Determination of sound powerlevels of noise sources — Guidelines
psic standards

3741:2010, Acoustics — Determination of sound power levels and sound energy levels of n(
g sound pressure — Precision methods for reverberation test rooms

3743-1, Acoustics — Determination.of sound power levels and sound energy levels of ng
g sound pressure — Engineering methods for small movable sources in reverberant field:
parison method for a hard-walled test room

3743-2, Acoustics — Determination of sound power levels of noise sources using sound |
ineering methods for smalll movable sources in reverberant fields — Part 2: Methods
rberation test rooms

3747, Acoustics = Determination of sound power levels and sound energy levels of noise so
d pressure — Engineering/survey methods for use in situ in a reverberant environment

5801:2007#ndustrial fans — Performance testing using standardized airways

6926:1999, Acoustics — Requirements for the performance and calibration of reference so
| fof.the determination of sound power levels

tain units.
ed with an

nt and are

spensable for its application. For dated references, only the~edition cited applies. For undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

for the use

ise sources

ise sources
— Part 1:

pressure —
for special

urces using

ind sources

ISO

1554 /7-1:2U00%, [ndaustridljans — vetermindtion oj jan sound power revelis under standdrdize

conditions — Part 1: General overview

laboratory

IS0 13347-2:2004, Industrial fans — Determination of fan sound power levels under standardized laboratory
conditions — Part 2: Reverberant room method

ISO

13349:2010, Fans — Vocabulary and definitions of categories

ISO 27327-1:2009, Fans — Air curtain units — Part 1: Laboratory methods of testing for aerodynamic
performance rating
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3 Term

s, definitions, symbols and units

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3740, ISO 3747, ISO 5801,

ISO 13347-
3.11

1,1S0 13347-2,1S0 13349, ISO 27327-1 and the following apply.

inlet sound power level
sound power level of an air curtain unit determined at the air curtain unitinlet in test installation type A

3.1.2
outlet sou
sound pow

3.1.3

nd power level
er level of an air curtain unit determined at the air curtain outlet in test installatioi typg

total sound power level

sound pow

3.1.4
casing sou
sound pow

Note 1 to en|
include the

3.1.5

frequency
frequency
third octay

Note 1 to er]
environmer
units which
in order to (

3.1.6
blade pass
frequency

er level of an air curtain unit in test installation type E

nd power level
er level radiated from an air curtain unit casing

try: If the air curtain unit drive is external to the air curtain wnit'easing, the casing sound power s
bound power generated by and radiated from the air curtainwunit drive.

range of interest
Fange including octave bands with centre frequencies between 63 Hz and 8 000 Hz and
e bands with centre frequencies between 50’Hz and 10 000 Hz

try: For special purposes, the frequency range can be extended at either end, provided that the
tand instrument accuracy are satisfactory for use over the extended frequency range. For air cur

ptimize the test facility and procedures.

age frequency (BPF)
bf air curtain unit impeller blades passing a single fixed object

Note 1 to enftry: The blade passage frequency is calculated by the following formula:

I

hall

ne-

test
tain

radiate sound at predominantly high'tot-low) frequency, the frequency range of interest can be limjited

BPF=21 Hz
6p
where
x is the‘number of blades;
n isthe fan speed, expressed in revolutions per minute.
3.1.7
chamber

enclosure used to regulate flow and absorb sound; it can also conform to air test chamber conditions

outlined in

[SO 5801

© ISO 2014 - All rights reserved
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3.1.8

air curtain unit inlet area

Ay

summation of open areas (slots, holes, louvres, openings, etc.) through which air will flow into the air
curtain unit; normally a grille and/or air inlet opening

3.19

air curtain unit outlet area
A2

summation of open areas through which air will discharge out of the air curtain; normally a grille and/or
air qutlet opening

3.1{10
reverberant room
enclosure meeting the requirements of Annex A and/or Annex B of ISO 13347-2:2004

3.1411
standard air
air With a density of 1,2 kg/m3

Not¢ 1 to entry: Standard air has a ratio of specific heats of 1,4 and a viscasity-of 1,815 x 10-3 kg/m-s

Note 2 to entry: Air at 16 °C dry bulb temperature, 50 % relative humidity, and 100 kPa barometric gressure has
thede properties, but this is not part of the definition.

Note 3 to entry: Air at 20 °C dry bulb temperature, 50 % relativehumidity, and 101,325 kPa barometfic pressure
has fthese properties, but this is not part of the definition.

3.2[ Air curtain unit sound power levels

Considering all possible combinations for installation conditions specified in Clause 4, fiye different
soupd power level (L) descriptions are defined in Table 1, e.g. Ly (A,in).

Table 1 — Sound power levels

Number |Suffix Description
1 (A,in) free-inlet sound power level, type A installation
2 (A,out) free-outlet sound power level; type A installation
total sound power level; type E installation (includes the contributions from the
3 (E,tot) . : :
inlet, outlet, casing, and drive)
4 (A,in*cas) free-inlet sound power level plus casing-radiated noise; type A installatjon
5 (A,0ut+cas) free-outlet sound power level plus casing-radiated noise; type A installdtion

NOTE 1 ,Al.of these symbols can be used to indicate levels in one-third octave or octave frequency bands, as wiell as overall
souhd power levels and A-weighted sound power levels, provided that the sound power to which the symbols relate is clearly
defined,

Where noise from the drive can contribute to the noise radiated from a casing, then this should be clearly stated by the
addition of “+dr”, e.g. Ly (A,in+cas+dr).

NOTE 2 Notall of the above levels need to be measured for a particular air curtain unit.

NOTE 3 Where some portion of inlet noise is included in the measurement of outlet noise, this shall be clearly stated by the
addition of “+in” or other similar notation, e.g. Ly (A,out+in).

3.3 Other symbols

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

© ISO 2014 - All rights reserved 3
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Table 2 — Symbols, units

Symbol |Term SI unit
A1 air curtain unit inlet area m?2
Ap air curtain unit outlet area m?2

c speed of sound m/s
Dunin minimum distance between equipment under test and reverberant room measure- m
ment surface
f frequency Hz
Ly sound pressure level, re 20 pPa (2 x 10-5 Pa) dB
Lpc corrected sound pressure level of the air curtain unit dB
Lpb re_corded sound pressure level of room background as measured over the normal dB
microphone path
E background sound pressure level dB
Lom lr;g()irgsgrst%inr(liogIr;:;ls?rfiill.zvel of air curtain unit and room background as‘meas- dB
phone path
Lpq corrected sound pressure level of the RSS dB
Lpqm :ﬁg(g‘(;irerg:lo;:lrl}cdrgrissure level of the RSS and room background as'measured over dB
phone path
Lps recorded sound pressure level of pure tone noise source dB
Ly sound power level, re 1 pW (1 x 10-12 W) dB
Lwr sound power level of RSS dB
A wavelength m
M Mach number dimensionless
p sound pressure Pa
Dref reference sound pressure, 20 uPa (2 x'10-5 Pa) -
s standard deviation dB
0 air temperature K
w sound power w
Wrer  |[reference sound power, re 1 pW (1 x 10-12 W) dB
4 Limitations onuse
4.1 General

2.0/ £

F b 4 £ o il H £ 3 ol ol TN WP | £l AN 1
Or rever CIAIILITIUUIIT TUOLUS, LIIU SILZC UT LIIU dIT CUL LATIIl UITITU IS TITITIINILCU LU IL OO UIIdIl o~ /70 UL L1IIC T UVUIIT VUL

me.

The test procedures specified in this part of ISO 27327 are intended principally for tests conducted
using standardized test configurations and under specified environments and conditions and cannot be

appropriat

e to site test conditions.

The air curtain unit installation conditions conform to the following two categories of installation types:

— typeA

: free inlet, free outlet;

Used when measuring inlet noise only or outlet noise only, i.e. (i) ducted ACUs or (ii) recessed ACUs
where the air inlet and air discharge of the ACU communicate with separate spaces (air inlet - ceiling

void; a
— typeE

4

ir discharge - space to be served)

: free inlet, free outlet.

© ISO 2014 - All rights reserved
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Used when measuring total noise; i.e. (i) surface-mounted ACUs or (ii) recessed ACUs where the air

inlet and air discharge of the ACU communicate with the same space

Noise source

The noise source is an air curtain unit. The noise measured can contain contributions from the fan drive

and

4.3

transmission.

Character of noise

Steday broadband with discrete Irequency tones.

4.4

Endineering grade, as defined in [SO 3740.

4.5

Soulnd pressure levels in one-third octave frequency bands at discrete microphone positic
prescribed path.

Air

pregsure, and flow rate.

5
Med

which are equal to or less than those given inTable 3. These standard deviations take i

the

calipration, and sampling. They do not reflect variations in the sound power radiated by the

uni
infq

Uncertainty

Quantities to be measured

curtain unit aerodynamic performance indicators, where-~dpplicable, e.g. rotational s

Measurement uncertainty

surements made in conformance with this pant of ISO 27327 tend to result in standard
cumulative effects of all causes of measurement uncertainty such as source location,

itself due to, for example, changes in installation type or manufacturing tolerances. |
rmation, refer to Annex B.

ns or on a

eed, static

deviations
to account
nstrument
air curtain
For further
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Table 3 — Uncertainty in determination of the frequency-band sound power levels

One-third octave band Standard deviation
frequencies

Hz dB
50
63 6,0*
80
100
125 3,0
160
200
250 3,0
315
400
500 3,0
630
800
1000 3,0
1250
1600
2000 3,0
2500
3150
4000 3,0
5000
6300
8000 3,0
10000

The uncertfainties in Table 3 do not allow for the variations in sound power levels due to manufactufing
tolerances| These are.consequent differences between one air curtain unit and another of the same
nominal d€gsign, rotational speed, etc. In any specifications which are part of a contract, it is necessary to
apply tolerfnces to-s0und values. These can be calculated for a normal distribution of data by multiplying
the quoted|standard deviations by 2 to obtain 95 % confidence limits. A further deviation should alsp be
added to a¢ceunt for manufacturing tolerances, as described in ISO 13348.

NOTE1 When octave-band data are calculated, the uncertainty of each octave band level will not be greater
than the largest uncertainty of the three constituent one-third octave bands.

NOTE 2  Only octave bands are shown for the reverberant room method in accordance with ISO 3743 (both
parts).

NOTE 3  Figures marked with * in Table 3 have only been added to ISO 3740:2000. For general purposes,
therefore, many existing rigs are designed to operate at a cut-off frequency of 100 Hz, thus giving the octave
bands of interest as those between 125 Hz and 8 000 Hz.

Some air curtain units have significant quantities of noise in the 63 Hz octave band, and, for special
purposes, it is permissible to extend the measurements to this band, provided the test environment and
instrument accuracy are satisfactory over this extended range.

6 © ISO 2014 - All rights reserved
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The uncertainty given for these low frequencies can only be achieved by exercising extreme care, and
wherever possible, results should be restricted to octave bands of 125 Hz and above.

NOTE 4

uncertainty can be reduced.

NOTE 5

Where the reverberant room is in full conformity with ISO 3743-1 (hard-walled test room), then the

Sound power levels obtained by using the methods described herein are for a fully developed flow

into the air curtain unit without pre-swirl and straight-line flow out of the air curtain unit without swirl. Any
disturbance in the airflow will increase the levels in a real installation.

NOTE 6  The figures given in column 2 are taken from 1SO 13347-2.

The standard deviations in Table 3 are equivalent to those obtained from the engineerirl|g methods
desfribed in ISO 3743 (both parts) and ISO 3744, as appropriate. They are those which~wpuld result
from a set of measurements which were undertaken on a single air curtain unit in a]large|number of
different laboratories and include the cumulative effects of all causes of measurement uncerfainty.

The repeatability of measurements in any one laboratory can be considerablybetter than tHe values in
Table 3 would indicate.

6 [Instrumentation

6.1 General

Degending on the test method, the instrumentation shall\be as specified in this part of [[SO 27327,
together with ISO 3741, ISO 3743 (both parts), ISO 3744,1S0 13347-1, and I1SO 13347-2.1SO 18347-1 also
detjils the requirements for the reference sound soure€’which shall be used to qualify the tedt room and
shall be the basis of the substitution method.

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

6.1J1 Microphone

A nficrophone of a standardized ‘sound level meter shall be used.

6.1)2 Microphone cable

Thg microphone/cable'system shall be such that the sensitivity does not change with temperature in the
range encountered-ifvthe test. Cable flexing due to either microphone traversing or airflow]across the
cable should notintroduce cable noise which interferes with the measurements.

6.1)3 Sound level meter or other microphone amplifier

The sound level meter or other amplifier used to amplify the microphone signal shall complly with the
eleatri i

6.2 Frequency analyser

The frequency analyser shall have the capacity of frequency analysing into one-third octave bandwidths

ina

6.3

6.3.

ccordance with ISO 266.

Turbulence screens and windshields

1 Windshields

A microphone exposed to excessive air velocity will give a falsely high reading. This can be rectified by
fitting the microphone with a nose cone or a foam ball.

© IS0 2014 - All rights reserved
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If the air velocity over the microphone is greater than 1 m/s, a nose cone or foam ball shall be used. If a
foam ball is used, the air velocity over the foam ball shall not exceed 15 m/s.

6.3.2 Wind-generated false noise

The flow of an airstream over a microphone fitted with a nose cone or foam ball will still generate an
apparent change in sound pressure level at the microphone, even though it is reduced when compared
to an unshielded microphone. This change is not attributable to the air curtain unit but is a function of

microphon

e design.

6.4 Refd

A calibrate

rence sound source (RdDS)

d RSS shall conform to the requirements of Annex C.

7 Test procedure

7.1 Com

The testm
power. The

parison method

bthod is based on a reference sound source (RSS) substitution for the determination of sound

reference documents for this method are ISO 3743-1 and ISO 3743-2.

Application of the test method requires that the air curtain unit to be fested be set in position in a fest

room, whig

Once the t
The air cul

h is qualified according to the requirements of Annex E.

est room has been qualified, sound pressure levelstare recorded with the RSS operatfing.
tain unit is then operated without the RSS in gperation at the given test speed and thq air

the substi

tion method is used to determine the sound power levels of the air curtain unit for

curtain unﬂt}c sound pressure levels are recorded. Since the sound power levels of the RSS are kn

operating

oint.

7.2 Dirdct method

The test m¢
this and th
produced &

oawn,
dach

bthod is based on measuring the reverberation times of the reverberation test room and uging
e measured test room volurfie:to calculate sound power levels from the sound pressure leyels

y the air curtain unit under test.

The resulti

ed,
and averaged by means of ar'eal time analyser using a spaced array of microphones. The value obta?ltled

g sound pressure levels are sampled, filtered into one-third octave band widths, integr

at any partficular frequency is then corrected into sound power levels using a mathematical expresdion.

Octave band sound powerlevels are obtained by the logarithmic summation of the three equivalent

third octaye bands.

The referepce decument for this method is ISO 3741.

ne-

8 Acoustic environment

8.1 Test

environment

The test environment shall be a reverberant environment.

8.2 Reverberant room

An enclosure meeting the requirements of Annex E is mandatory for the purposes of this part of
ISO 27327. An enclosure meeting the requirements of Annex F is recommended for broadband sound
testing and is mandatory for the purpose of investigating pure tones and narrow bands.

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=ce1f712db71f73bf9d810b9ce7938708

9

IS0 27327-2:2014(E)

Air curtain unit installation conditions

The measurement procedures specified in this part of ISO 27327 cover the following air curtain unit
installations (see Clause 4):

10

free inlet/free outlet (type A);

free inlet/free outlet (type E).

Air curtain unit operating conditions

10.

The
air

whyd
or
wit

10.
Thd
int
10.

Thd
sou
ton

Wh
isp

nominal speed (see Annex A).

10.

Thd
pre
infd

10.

A th
gen

1 General

noise generated by an air curtain unit is related to its operating conditions, i.e.qts-rotati
Curtain unit static pressure, and airflow rate. It is important that the aerodynamic dut
N acoustic measurements are being made. Care is required to ensure thatbmethods of d
ontrolling the aerodynamic performance do not affect the noise generated by the fan
n the acoustical measurements.

2 Measurement of ambient conditions

ambient air conditions of temperature, pressure, and huniidity shall be within the limit
ne appropriate standards ISO 3743 (both parts), ISO 3744 and ISO 3745.

3 Air curtain unit rotational speed

air curtain unit rotational speed shall be measured and held steady (within 1 % change)
hd test. The fan rotational speed during the.fést shall be within 5 % of the specified rotat
hinimize the change in fan sound power when applying the conversion rules.

bn it is not possible to test an air curfain unit within these limits, an indirect test at a diffq
ermitted, provided that the test-issfeported at the test speed and then scaled to the s

4 Determination of air.curtain unit aerodynamic operating point

identification of the.operating point shall preferably be by measurement of air curtain|
bsure using one of'the methods specified in ISO 27327-1. The flow rate at the operating p
rred, indirectly, by a determination of air curtain unit static pressure.

5 Control of air curtain unit operating condition

rottling device shall be used to control the operating point. The sound level in the test e
prated by the throttling device shall be at least 10 dB below the measured sound level f

bnal speed,
y is known
ptermining
r interfere

s specified

during the
onal speed

rent speed
pecified or

unit static
pint can be

vironment
rom the air

cur

11

11.

tatmumit unmder test-The throtttearrangement statt bearranged integratty withr the test

Test setup

1 Setup categories

chamber.

A number of specific air curtain unit test setups are allowed and are shown in Figures 1, 2, 3, 4, and
5. They are determined by the airflow direction and the particular mounting arrangement of the test
device. The air curtain unit sound pressure levels are measured in a reverberant room, which can be
connected to a chamber or any other system to provide control and measurement of the air curtain unit
air volume flow rate.
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Key
1  air curt
2 reverbd
3  testing
4 air curt
5 air curt
6  optiong
Figure 1 -
10

"
2
1
I I
6 ——>! '
: P
5 i
\ :\ 4
-1 |
Sound/Vibration Isolation
J

pin unit

rant room

chamber

hin unit inlet

hin unit outlet

| secondary air curtain unitinlet

— Installation Type A Outlet test setup for air curtain unit outlet sound measurement
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Key

N U1 A W N

Sound/Vibration Isolation

air curtain unit
reverberant room
testing chamber

air curtain unit inlet
air curtain unit outlet

optional secondary air curtdin unit inlet

Fligure 2 — Installation Type A Inlet test setup for air curtain unit inlet sound measjyrement
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12

air curt]
microp
reverbd
air curt
air curt

Figure 3 — Installation Type E test setup for air curtain unit total sound measurement

~10° ——-I
«<

pin unit
hone path
rant room
hin unit inlet

pin unit outlet (generallypointed toward the centre of the room)
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Dimensions in metres
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a) Side elevation b) Front elevation

Key
reverberant room walls

ACU

ACU inlet

ACU discharge nozzle
sound/vibration isolating pads

LU s W

Airflow.

Figure 4 — Installation Type E test setup for vertical air curtain unit total sound measurement

D, <% ed (1)
T

For air curtain units without a rectangular inlet, substitute the actual value of the inlet area for ed in
Formula (1).

For air curtain units with multiple inlets, substitute the sum of all inlet areas for ed in Formula (1).

The reverberant room and placement of the air curtain unit shall meet all requirements of ISO 13347-2.
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a) b)
a) Side elevation b) Front elevation

Key
reverberant room walls
ACU inllet (inlet area = exd)
support frame

ACU

ACU aijr discharge nozzle

LU A W N

Airfloy.

Figure 5 — Installation Type E test.sétup for horizontal air curtain unit total sound
measurement

11.2 Sound pressure levels

11.2.1 SoInd pressure levelsybackground (Lpb)

This inclugles sound pressure levels measured in the test room with the air curtain unit off. [The
backgrounf noise includes all noise sources not directly associated with air curtain unit sound. Examples
of background soufces are noise due to the motion of the microphone and any noise due to external
sources. Effortsishould be made to keep the background noise level at a minimum.

11.2.2 Sound pressure levels, RSS (’pﬂ...)

These are the sound pressure levels in the test room with only the RSS operating. The levels include the
background noise.

11.2.3 Sound pressure levels, air curtain unit (Lpn)

For a set of tests at various air curtain unit points of operation, Lyh and Lyqm above need to be observed
once, while Lym shall be determined for each operating point.

NOTE1 The observations above are valid only when taken in a room that has passed the room qualification
procedures outlined in Annex E or Annex F.

NOTE 2  For further information on symbols, refer to ISO 13347-1.
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11.3 Aerodynamic performance

The control and measurement of the air curtain unit operating point on the fan characteris
performed using one of the methods specified in ISO 27327-1.

11.4 Test conditions

The test conditions shall be as nearly as possible the same for all sound pressure level readings
of the microphone traverse and any rotating boom shall be the same for all readings. Obs
operators sh
be 3

d average over an integral number of microphone swings. The time span used shallb

Mounting methods

method of mounting air curtain units of connecting them to non-integral drivers and of

tion devices and short flexible connectors. Other than these,“sound and vibration
material cannot be incorporated in the test air curtain unit unless ibis a standard part of the

Driying motor and drive, when not an integral part of the air,€urtain unit, can be damped or
any|manner that does not expose sound absorption material‘to the test room. When the dri
and| drive are an integral part of the test unit, they cannot be treated in any manner, and 1
tengions and bearings shall be used.

If t
thid
rec
can
the

e air curtain unit is intended to be mounted\horizontally in use, the test unit shall b
orientation. It shall be installed using the®ixing points and method of suspension/an

involve fixing/hanging the test sample:at a height to/from a suitable framework struct
reverberant test room.

If th
(lon
par

the

e air curtain is intended to be mounted vertically in use “on one end,” the test unit shall h
end” such that the discharge'nozzle width is perpendicular to the floor and the discharg
hllel to the reverberant rdom wall within approximately 10° and pointed roughly in the ¢
microphone.

Thd
allo
toi

air curtain unit and microphone shall be placed in opposite corners of the reverbera
w space for the jebflow from the nozzle to slow and circulate back to the air curtain unit
mpinging onthe/microphone.

Thq air curtain‘unit shall be placed on vibration isolation.

11.6 Microphone travel or positions

ould not be in the test room during measurements, but if absolutely necessary,

tic shall be

.Operation
ervers and
they shall
be a time-
e sufficient
below and

Connecting

to airflow test facilities is not specified. Any conventional method can be used, includinjg vibration

absorptive
unit.

bnclosed in
ving motor
ormal belt

e tested in
chorage as

pbmmended by the manufacturer so it is installed as close to how it would be when fitted gn site. This

ure within

e mounted
b airflow is
lirection of

ht room to
inlet prior

The microphone shall swing or move on the path of an arc or straight line with a minimum distance of
3 m between the extreme points of travel. As an alternative, it can be placed at a number of fixed points
along this arc. The microphone traverse plane shall not be parallel, within 10°, to any room surface and
the path shall tend to travel into and out of a corner formed by two walls of the room. A microphone at
different fixed positions, or an array of fixed microphones, can also be used in accordance with ISO 3741
and ISO 3743 (both parts).

When a microphone at several different positions or an array of fixed microphones is used, the period
of observation of the microphone output shall conform to the specifications of ISO 3743 (both parts). A
graphic description of microphone placement limitations is shown in Figure 6.
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Dimensions in metres
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b) — Inlet or outlet sound testing (Type A)

Key
1  air curtpin unit

2 optiondl vane; sometimes used to modify the room acoustic properties

Figure 6 —General limitations to test room arrangement

%)
20
D, =P0,610x10 (2)
where
Lo — \ is the maximum value for octave bands 125 Hz to 4 000 Hz.
( wr—=pq)

12 Information to be recorded

12.1 General

Information given in 12.2 through 12.4 shall be compiled and recorded for all measurements made in
accordance with this part of ISO 27327, when applicable.
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2 Air curtain unit under test

12.2.1 Description of the air curtain unit under test

a)
b)
‘)
d)
e)
f)
g)
h)

12.

a)
b)
)
d)

12.

a)
b)

c)

12.

12.

a)
b)

)

manufacturer;
model;
air curtain unit size or outside dimensions, height, length, width;

impeller diameter;

number of blades;
inlet area and dimensions, e and d;
outlet area and dimensions, Ny, and Ng;

fan manufacturer and model number, if known.

P.2 Operating conditions

air curtain unit speed;

air curtain unit airflow rate;

air curtain unit static pressure at actual test conditions (Installation Type A only);

air density.

2.3 Mounting conditions
test Figure 1, 2, 3, 4 or 5;
test installation category, e.g. A©O1-E;

sketch showinglaboratory.setup, including location of any equipment and acoustical mea
3 Acoustic environment

B.1 DescriptiornCoefthe test environment and method
description’ef'the physical treatment of the walls, ceiling, and floor;
sketch-.showing the location of the source and room contents;

indication of direct or comparison method.

surements.

12.3.2 Acoustical qualification of the test environment

12.3.3 Test data

a)
b)
‘)
d)
e)

barometric pressure;

ambient dry-bulb temperature;

ambient wet-bulb temperature;

dry-bulb temperature at the air curtain unit inlet;

static pressure at the air curtain unit inlet.

© IS0 2014 - All rights reserved
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12.3.4 Laboratory and instrumentation
a) laboratory name;
b) laboratory location;

c) technician’s name;

d) list of equipment used for the measurements including name, type, serial numbers, manufacturer,

and dates of calibration;

e) bandwidthof frpqnpnr‘y :\nq]ycpr;

f) scope pf room qualification (data shall indicate if the test room is qualified for full or pne-third

octavess, and in the case of pure tone testing, the one-third octaves bands for which the qualifica
applieg);

g) frequency response of the instrumentation system;

fion

h) methof used for calibration of the microphones and other system components; including the date

and place of calibration;
i) charagteristics of windshield (if used);

j) referefce sound source type and serial number.
12.3.5 Log¢ation of the air curtain unit in the test environment

12.3.6 Adgditional noise sources

If a test air] curtain unit has additional noise sources,adescription of the source(s) in operation duf

the measurements (e.g. type of drive, size of motoryetc.).

12.4 Acoustical data appropriate to thexmethod of test

12.4.1 Th¢ corrections (in dB), if any, applied in each one-third octave band for the frequency respd
of the micrpphone, frequency response-of the filter in the pass band, background noise, etc.

12.4.2 Miqrophone positions.

12.4.3 Th¢ mean sound pressute level, L, (in dB; reference 20 pPa), in each one-third octave freque
band of interest.

12.4.4 Th¢ sound power level, Ly (in dB; reference 1 pW), for all frequency bands used.

12.4.5 Th¢ soundpower level, Ly (in dB; reference 1 pW), for all frequency bands used, corrected f
test speed fo specified speed in accordance with Annex A.

p— e

ng

nse

ncy

FOIm

12.4.6 Remarks on the subjective impression of the noise (audible discrete tones, impulsive character,

spectral content, temporal characteristics, etc.).

12.4.7 Remarks on the contributions of drive and transmission noise to the total noise.
12.4.8 The date and time when the measurements were performed.

12.4.9 The names of the test personnel.

12.4.10 Measurements taken relative to the environment:

a) background sound pressure level;

b) sound pressure level of the reference sound source;
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c) background corrections for the reference sound source;
d) air curtain unit sound pressure level;

e) background corrections for the air curtain unit;

f) unweighted air curtain unit sound power level;

g) testdata.

13 Calculations and evaluations
13./1 Calculation of one-third octave band levels
The one-third octave band sound power levels shall be combined to determine the dctave jand sound
power levels as follows:
I (sto) [LW63] [LWSOJ
Lyes =101g[ 10\ 10 J1100 10 J4q0l 10 3)
[ (LW’IOO ) [LW125 ] (LW’ISO )
L4105 =101g[ 10\ 19 J4100 10 )40l 10 (4)
to )
(Lwesoo ] (stooo J (waooo ]
Lwgooo =101g[ 100 10 J+10l 10 Jiq0b 1O (5)
13.2 Calculation of overall sound power levels
The overall sound power levels shall'be calculated from the one-third octave band levels a¢cording to
the[following formula:
(ﬂj (@] (stooo J (meooo J
L, =101g| 10\ 10 J 4oV 10 )4 4400 10 )40l 10 6)
13.3 Calculation of A-weighted sound power level
The overall\A“weighted sound power level, dBA, shall be calculated from the one-third oftave band
levdls. Eoteach one-third octave band, the A-weighted sound power level is calculated from thle following
forlrlula:

LwA band = Ly band + C

where

(7)

C isthe correction taken from ISO 3744, Table 2, to be added to the one-third octave band sound
pressure level to derive the A-weighted sound pressure level in that frequency band.

The overall A-weighted sound power level is then calculated from the following formula:

[LWASO ] (LWA63 J [LWASOOO ) [
LyA=10lg/ 100 10 Jy1ol 10 Jy 410l T Ji10 (8)
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13.4 Background corrections

The observed RSS or air curtain unit sound pressure level readings include both the sound source and
the background noise sources. The effect of the background noise level shall be subtracted from the
observed sound pressure level. The corrections for background level depend on the difference between
the observed sound pressure level and the background noise level. When the difference between
the observed level and the background level in one or more frequency bands is less than 6 dB, the
corresponding sound source level cannot be accurately determined by this part of ISO 27327, and a
reduction of the background noise pressure level or an increase in the sound source level is necessary.
In the event that this is not achievable, the background correction shall not be made and the combined

backgroun

Sound pres
following f

Air curtain

brmulas:
unit sound pressure level:

L L

pm b

L. =10lg|1010 —1010

'pC

RSS sound

L

pq =1

When the

than Lym. The data for each such band shall be cleatly marked as upper boundary levels.

NOTE

pressure level:
Lpqm Ly
Ilg| 10 10 -1010

_p]nc_cnnnr‘]_cnnrr‘n levels shall he rnpnrh:-d indivir‘lnq”y

sure levels shall be corrected for background noise level by logarithmic subtraction using the

(9)

10)

ifference between the observed sound pressure.lévels (RSS - background) in a frequgncy
band is lesp than 6 dB, the corresponding sound pressure level from the source cannot be determined
accurately by this part of ISO 27327. For any band for which the difference between the background pnd
the (background + source) sound pressure level is less than 6 dB, Ly shall be reported as 1,3 dB Jess

henthe background noiselevelisatleast15 dBbelow the sound pressurelevel reading, the corredtion
above is unfecessary.

13.5 Sound power level, Ly

The sound|
curtain un
ISO 13347+

Air curtain

1:2004):

unit inlet sound levels

Installation type

A: free inle

t

Formula Ly,

Lw (A,in) = Lpc + (Lwr - Lpq)

power level in eachrfrequency band is calculated from sound pressure levels of the| air
t and RSS, using thesfollowing expressions (see also 6.1 and the list of symbols in Table 2 of

Air curtain unit outlet sound levels

Installation type

A: free outlet

20

Formula Ly
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Air curtain unit total sound levels
Installation type Formula Ly

E: inlet, outlet, casing, drive Ly (E,tot) = Lpc + (Lwr - Lpq)

The test procedure and the above calculations are based on the following assumptions:

a) Directivity from the air curtain unit is averaged by the reverberant room and the microphone
location is such that it records total average sound pressure levels.

b) |No resonances are present on either the air curtain unit structure, supporting devices| or driving
devices that provide any significant pure tones that can add to the recorded fan(sound pressure
levels.

13.6 Evaluation
Depending on the basic method used, the tests shall be evaluated:

— |determination of (A-weighted) sound power level and, if required;Jin octave bands or if one-third
octave bands, or;

— |determination of sound power level in octave bands or in 0he-third octave bands, and o1 this basis,
calculation of the A-weighted sound power level.

14|Test report

The test report shall include the information given'in 14.1 through 14.4.

14.1 General

The sound power levels shall be reported, together with a statement that they have been obtdined in full
conformance with the procedures of-this part of ISO 27327.

The report shall state that these:sound power levels are given in decibels, reference 1 pW. THe reported
decjbel shall be rounded offto-the nearest whole number.

In alddition, the reportshall contain the following information:
a) |manufacturer’s\air curtain unit designation;
b) |manufacturer’s size reference and specified rotational speed;

c) |typeoftestinstallation (type A or E), whether the measurements are total or at the inlet o the outlet
oftheé air curtain unit and whether the noise includes contributions from the drive and trgnsmission,
eg! installation type A, free-inlet sound power level plus casing-radiated noise, Ly (A,intcas);

d) inletairflow rate and sound power level at the test condition;
e) inletairflow rate and sound power level at the specified speed;
f) indication of direct or comparison method.

The test report shall give the designation of the test method and the details listed in 13.1 through 13.6.

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

The sound power level determined shall be designated as described in Table 1.
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14.3 Instrumentation used

The test report shall detail the instrumentation used.

14.4 Subjective assessment of the noise character

In particular, any discrete tones which are distinctly audible shall be indicated. The test report should
detail the formula used.

14.5 Measured values of the noise character

According fo the method used, some or all of the following shall be reported, as appropriate:
a) sound jpressure level (A-weighted and/or in frequency bands) at each measuring point;

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

c) A-weighted sound power level, LA, and if required, sound power level for ¢ach octave bang or
one-thjiird octave band in the frequency range of interest (uncertainty aofaneasurement for LA if
necessary).
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Annex A
(normative)

Effect of rotational speed changes

The rules for conversion applicable in this Annex are related to changes of speed only with the purpose of

Ccorrectine tha coun dunawarlaval datarminad fraom rmaacniramante ~+thatact cnaad o fivad ars ecified
powerrever-aeteriieatroieasurementsatte-testspeea+to-Hxeas p

TS e er o oTTTer

spegds, not differing by more than 5 % from the test speed.

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

Lo = Ly =501g {n_o}
"

o relates to the specified speed,

¢ relates to the test speed.

Thip formula should not be used for any purpose other than&caling for this speed change.

Thip formula should not be used to scale A-weighted overall noise levels.
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Annex B
(normative)

Uncertainty analysis

B.1 General

The analygis of uncertainty associated with measurements performed with this part of 1SQ 27327
provides iflentification of certain critical points of the proposed method, so as to recogiize [the
limitationd of the results. Furthermore, it provides an approximation, in real values, of the impreci$ion
in the recofded results.

—

B.2 Definitions

Precision grror is an error which causes readings to take random values on‘€either side of some mean
value.

Systematiderror is an error that persists and cannot be consideredas\due entirely to chance.

Uncertainty is an estimated value for the error, i.e. what we think an error would be if we could pnd
did measure it by calibration. Although uncertainty can be the result of both precision and systemfatic
errors, only precision errors can be treated by statistical methods.

The uncertlainty in the researched value is described by specifying the measured value followed by|the
uncertaint interval at the desired confidence level:

W =m ¢ w, at P confidence level

(B

where
m is the measured value;
w is the uncertainty;

P copfidence level).expressed in %.

B.3 Uncertainties

The uncertainties associated with measurements of power Ievels performed in accordance with the
standard are room response (B.4), air curtain unit operating points (B.5), instrument error (B.6), and
RSS (B.7). Other areas of interest involve the use of full or one-third octave bands (B.8) and the problems
associated with testing and rating in the 63 Hz band.

B.4 Room response

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

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

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

b) [variations of sound power with the source location.

Many sources radiate sound which is not entirely broadband but contains significant discretef-frequency
conjponents called, in common usage, pure tones. Some fans generate a pure tone atrthe’bladg frequency
and sometimes at harmonic frequencies.

In g reverberant room, these pure tones tend to excite certain modes, whieh will dominate all others.
Thip will noticeably increase the variability of the pressure field due to ai insufficient digpersion of
thelsound field. Consequently, the precision of the results is reduced due.to the inaccuracy of the sound
prepsure averaging.

B.4.1 Broadband measurement in a reverberant room

Bropdband sound is uniformly distributed in frequency; with relatively steady levels and with no
prominent discrete-frequency or narrow-band components. Measurements of broadband sojund can be
taken in a room qualified according to Annex E of thispart of [SO 27327.

B.4.2 Pure tone measurement in a reverbérant room

When a discrete-frequency component is present in the spectrum of a source, the spatial vqriations in
the|sound pressure level usually exhibjt maxima separated by minima having an average|spacing of
approximately 0,81, where A is the wavelength corresponding to the discrete frequency of infterest.

Theg presence of a significant discrete-frequency component in the noise produced by a sourde can often
be;ﬁetected by a simple listening test. If such a component is audible, or detectable by ndrrow-band
anallysis, the qualification procedure described in Annex F of this part of ISO 27327 is recommended.

If tHe room is not qualifiéd for pure tone measurement, the measurement uncertainty will mogt probably
be;ﬁigher in the bands €éntaining the blade passage frequency and its harmonics than if mepsured in a
quallified room. Typical uncertainties can have a magnitude of + 8 dB.

Dis¢rete-frequency components can be present in the spectrum, even when these comppnents are
not|audible.A)conclusion that no discrete-frequency components are present can only be feached by
performing the test described in B.4.3.

B.4.30 Test for discrete-frequency components

The following procedure can be used to estimate the (spatial) standard deviation of the sound pressure
levels produced by the air curtain unit under test in the room.

Selectan array of six fixed microphones (or a single microphone at six positions) spaced atleast A/2 apart,
where A is the wavelength of the sound corresponding to the lowest band mid-frequency of interest, and
meeting all of the requirements for microphone positions in Annex E of this part of ISO 27327. Locate the
source at a single position in the test room in accordance with Annex E of this part of ISO 27327.

Obtain the time-averaged sound pressure level, Lpj, at each microphone position according to the
techniques described in Annex E.
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For each one-third octave band within the frequency range of interest, calculate the standard deviation,
s, from the following formula:

1 O 2
5= [——1 2. (Lpg L) (B.2)
m j=1
where

Lpc; is the sound pressure level, corrected for the background noise level in accordance with
the procedures for the microphone position, expressed in decibels;

L_pj is the arithmetic mean of (Lpcj) values, averaged over all microphone positions, expressed
in decibels;

Nm is the number of microphone positions (=6).

The magnitude of s depends upon the properties of the sound field in the test room.These properfties
are influerced by the characteristics of the room, as well as the characteristics of the noise source (i.e.
directivity|land spectrum of the emitted sound). In theory, a standard deviation of 5,57 dB correspdnds
to a spectrpl component of zero bandwidth, i.e. a discrete tone.

Table B.1 — Characterization of the presence of discrete-fréquency or narrow-band
components, based upon the spatial variation of the sound field

Standard deviation, s
Characterization
dB
c<15 Assume broadband source. Use procedures of Annex D of
’ [SO 27327-2.

15<s<3 Assume that a narrow-band of noise is present. Recommengl

’ use of the qualification procedure in Annex F of ISO 27327-2.

$>3 Assume that a discrete tone is present. Test room shall qualify
in accordance with Annex F of ISO 27327-2.

B.5 Air gurtain unit operating points

Whenever fthe sound power level of an air curtain unit is measured, each measurement shall relate to
one point df operation of the@ir curtain unit. Uncertainty in identifying this point thus affects the glgbal
uncertaintly of the results/ It is therefore recommended that the procedures of ISO 27327-1 be ysed
as a guidelline in identifying the operating points. The sound level sensitivity to change in the point of
operation is a function of the product characteristics, and this will dictate how accurately the poirt of
operation measurement should be made. Air curtain units that have a large sound power level change
as flow is dhahged, at a given speed, are of more concern than air curtain units that show a small sound
power level change for the same flow change

B.6 Instrument error

The frequency response of the instrumentation system shall be flat over the frequency range of interest,
to within the tolerances given in Table B.2.
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Table B.2 — Tolerances for the instrumentation system

Frequency Tolerance
Hz dB
50 to 80 +2,0
100 to 400 +1,0
5000 to 8000 1,5
10 000 +2,0

B.7
The

Reference sound source (RSS)

sound power produced by the reference sound source shall be determined in o¢tave an
octave bands within the tolerances specified in Table B.3.

Table B.3 — Calibration for sound reference source

l one-third

One-third octave band mid-frequency Tolerance
Hz dB
50 to 80 +2,0
100 to 160 +1,0
200to 4 000 +0,5
5000 to 10 000 +1,0

B.8

Acc
oct
be 6

Octave band VS one-third octave band

prding to this part of ISO 27327, thie‘frequency analysis of sound can be performed ei
wve bands or in one-third octave/bands. Qualification of a reverberant room for pure ton
ffected in the one-third octaye’hand. Full octave band analysis takes less time since fewel
values are treated; however, this\analysis supplies little information on the shape of a sound
Furthermore, full octave band-analysis does not allow isolation of pure tones in a spectrur
res¢lution of an octave band-gives little information about a steeply sloping spectrum.

ther in full
bs can only
numerical
spectrum.
h; the poor
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C.1 Gen

Annex C
(normative)

Calibration of reference sound source

ral

Calibration
requires a
Laboratori
for measu
alternativd

C.2 Equiipment and facilities

Equipment
exception {
one-third

[SO 9614-1

Additional
of the sour
measurem

pctave band). Sound intensity measuring equipment shall comply with the requirement

of a reference sound source (RSS) in conformance with the requirements of SO 6
hemi-anechoic room qualified for measurements over the entire frequency range.ofinter
es that otherwise would be able to perform the required calibration, but that are net quali
‘ements in the first octave band, can use the alternative procedure of this Annex. 1
procedure is based on sound intensity measurements according to ISO 9614-1.

and facilities shall be as required for RSS calibration in conformance with ISO 6926, with
hat the hemi-anechoic chamber need not be qualified below.the 125 Hz octave band (10

reference sound sources can be sound power levelcalibrated by comparing the sound |
ce to another reference sound source that was_¢alibrated in accordance with C.1 to C.5.
ent procedure shall be in accordance with ISO-3741.

C3 Qu

band frequ
ISO 6926 ix
band, the

conforman

C.4 Pro

Tification
The RSS calibration procedure of ISO 6926 shall be carried out over the 50 to 10 000 Hz one-third octf

ency range and 63 to 8 000 Hz octave band range. If the calibration is in conformance
all respects, except for thequalification of the test facility below the 100 Hz one-third ocf

ce with ISO 6926 for any-ether reason, the alternative calibration procedure is not applic3

redure

The requir
with the s
the sound
shall be

measureme

ements of ISO 6926 are duplicated in the lowest three octave (nine one-third) octave ba
bstitution’ of sound intensity level measurements made in compliance with ISO 9614-1

easured in the outward radial direction. The sound power levels determined from th

pressure level measurements required by ISO 6926. For all measurements, sound intenjsi

026
est.
fied
Chis

the
Hz
s of

bvel
The

ave
vith
ave

hlternative calibration procedure below can be used. If the calibration is not in comp|ete

ble.

measurements. If in all frequency bands, the determmed sound power levels dlffer by no more than the
tolerance of Table C.1, the calibrated sound power levels for the RSS are reported as specified in E.5. The

directivity

index is not calculated from the intensity measurements.

Table C.1 — Tolerance for sound power level difference

Octave band One-third octave band Tolerance
Hz Hz dB
63 50 to 80 4
125 to 250 100 to 315 £1,0
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C.5 RSS sound power levels

The reported RSS sound power level and directivity index shall be those determined by the ISO 6926
procedure for the 100 to 10 000 Hz one-third octave and 125 to 8 000 Hz octave bands. For the 50 to
80 Hz one-third octave bands and 63 Hz octave band, the reported RSS sound power level shall be that
determined from the intensity measurements, and the directivity index is not reported. The calibration
report shall be marked to indicate the levels determined from the intensity measurements and shall
indicate whether the calibration was performed in full compliance with this Annex.

© ISO 2014 - All rights reserved 29


https://standardsiso.com/api/?name=ce1f712db71f73bf9d810b9ce7938708

IS0 27327-2:2014(E)

Annex D
(informative)

Filter weighted measurements

In certain sound measurement 51tuat10ns the presence ofhlgh amplltude sound at low frequency (below

45 Hz) can
interest for
measurem
approach.

Sound pre
well-define
provided t

thlS part of ISO 27327 (45 Hz to 11 2 kHz) Whlle use of an analyser w1th a large dynamic
ent range can possibly solve the problem, it can sometimes be necessary to us€ another

ssure level readings can be made with the sound level meter or signal amplifier set for a
d filter weighing effect in order to improve the dynamic range and mgasurement qur::rity,
hat any effect in the frequency range 45 Hz to 11 200 Hz is compensatéd,and the equip

ent

satisfies all the requirements of Clause 6. The filter weighting response shall(be less than 3 dB at all

frequencie
(backgrou
level meas

irement spectrums to maintain calibration.

30

5 between 45 Hz and 11,2 kHz. The weighting filter shall be the same for all measuremegnts
nd, RSS and air curtain unit). The filter weighting values shall be-added to the sound presqure
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