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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.

Any t
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For 4

expregssions related to conformity assessment, as well as information about ISO's adhg
World Trade Organization (WTO) principles in the Techhical Barriers to Trade (TBT) see

URL:

This document was prepared by Technical Comtnittee ISO/TC 117, Fans.

This third edition cancels and replaces thesecond edition (ISO 5801:2007), which has bee
revisg¢d. It also incorporates the Technical Corrigendum ISO 5801:2007/Cor.1:2008.

The procedures used to develop this document and e intended for i irther ma
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteria’ng

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
tute an endorsement.
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Introduction

This document is the result of almost 50 years of discussion, comparative testing and detailed analyses
by leading specialists from the fan industry and research organizations throughout the world.

It was demonstrated many years ago that the codes for fan performance testing established in different

countries do

not always lead to the same results.

The need for an International Standard has been evident for some time and Technical Committee
ISO/TC 117 started its work in 1963. Important progress has been achieved over the years and, although
the International Standard itself was not yet published, the successive revisions of various national

standards le

It has becom
It is to be bo
necessary to

The second
deleting thos
pages had be

For the third
defined com
been achieve

Essential fea
Installa

Since thg
installat

Commo

It is ess
common

pressurgq.

Geomet
Flow rat

Determi
of stand

Testres

1 to much better agreement among them.

e possible since 1997 to complete this document by agreement on certain essential p
'ne in mind that the test equipment, especially for large fans, is very expensive and

pdition (ISO 5801:2007) of this document was the result of a survey of ISO men
e methods that were the least frequently used. A significant reduction in the num
en achieved.

edition, the contents were reorganized to define and allow all possible configurati
ponent parts as standardized test setups. A further significant reduction of volunj
d by streamlining the content.

fures of this document are as follows.

Fion categories and test configurations (see Clause 5 and Clause 6).

connections of a duct to a fan inlet and/er outlet affect the fan's performance, a num
on categories and test configurationsneed to be recognized.

h segments (see Clause 8).

ential that all standardized test airways to be used with fans need to have portig
adjacent to the fan inlet'and/or outlet sufficient to ensure consistent determination

ic variations of these common segments are strictly limited.

e measuremeiit (see 12.5 and Annex A).

hation_of\flow rate has been separated from the determination of fan pressure. A ny
irdized'methods may be used.

oints.
t was

include in this document many setups from various national codes in or'der to authorize
their future fise. This explains the sheer volume of the first edition (ISO 5801:1997)¢

hbers,
ber of

bns of
e has

ber of

ns in
of fan

mber

ults (see Clause 15).

Methods of measurement and calculation for the flow rate, for the fan pressure and for the fan
efficiencies are established taking into account all compressibility effects of the air. For fan pressure
less than 2 000 Pa, the change of density between fan inlet and fan outlet is allowed to be neglected.
Other compressibility effects are allowed to be neglected for reference velocity values not higher

than 65 m

viii

/s (see Clause 13).
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Fans — Performance testing using standardized airways

1 S

cope

This document specifies procedures for the determination of the performance of fans of all types except
those designed solely for air circulation, e.g. ceiling fans and table fans. Testing of jet fans is described
in ISO 13350.

This (Ilocument provides estimates of uncertainty of measurement and rules for the conve

speci
are gi

2 N

The f]
const
undat

ISO 5
devicd

ISO 5
sectio

ISO 5
ISO 1

laborqtory conditions

[SO1
[SO1
[SO1
IEC6

IEC 6
and ef

IEC 6
Part 4

fied limits, of test results for changes in speed, gas handled and, in the case, gf'moc
ven.

ormative references

bllowing documents are referred to in the text in such a wayhat some or all of
tutes requirements of this document. For dated references, ¢nly the edition cited
ed references, the latest edition of the referenced document (including any amendmg

136, Acoustics — Determination of sound power radiated‘into a duct by fans and oth
s — In-duct method

167-1, Measurement of fluid flow by means of pressure differential devices inserted in d
n conduits running full — Part 1: General principles and requirements

B02, Industrial fans — Performance testing-in'situ

3347 (all parts), Industrial fans — “Determination of fan sound power levels under

B348, Industrial fans — Tolerances, methods of conversion and technical data presentat
B349, Fans — Vocabulary-and definitions of categories

B350, Fans — Performance testing of jet fans

D034-1:2010, Rotdbing electrical machines — Part 1: Rating and performance

0034-2-1:2014, Rotating electrical machines — Part 2-1: Standard methods for deter
ficiency. from tests (excluding machines for traction vehicles)

D0541-2, Direct acting indicating analogue electrical measuring instruments and their d
:Special requirements for ammeters and voltmeters

rsion, within
el tests, size

their content
applies. For
ents) applies.
br air-moving

ircular cross-

standardized

jon

mining losses

ccessories —

IEC 60051-3, Direct acting indicating analogue electrical measuring instruments and their accessories —
Part 3: Special requirements for wattmeters and varmeters

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13349 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

© IS0 2017 - All rights reserved
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31
air
working fluid for tests with standardized airways shall be atmospheric air

3.2
standard air
air (3.1) with a density of 1,2 kg/m3

Note 1 to entry: See 12.9.4.

3.3
upstream
direction from where the air flow comes

3.4
downstream
direction to ywhere the air flow discharges

3.5
cross sectiopal area
A
area containgd in a boundary

3.6
fan inlet arda
A1
cross sectionql area (3.5) of fan inlet as defined in ISO 13349

3.7
fan outlet area
A3
cross sectionql area (3.5) of fan outlet as defined in ISO 13349

3.8
hydraulic dfameter
Dy
four times the cross sectional area divided by the perimeter which encloses the area

b, =44
PI:I
3.9

hydraulic mean depth
Hy
cross sectiorjal area-divided by the perimeter which encloses the area

Hy =2
hp

]

3.10

absolute temperature

6

temperature expressed in Kelvin and calculated from the relative gas temperature in degree Celsius
plus the thermodynamic temperature according to ISO 13349 of absolute zero

6=T+273,15

2 © IS0 2017 - All rights reserved
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3.11

absolute temperature of moving air

6

absolute temperature (3.10) theoretically registered by a thermal sensor moving at the air velocity
calculated from the formula

o= )
(1+K;.MQZJ
2

or
2
v
o= ng -
2-c p
3.12
stagnation temperature

absoliyite temperature (3.10) measured at an isentropic stagnation point
Note 1 to entry: The stagnation temperature is constant along an airway without exchange of energy or heat.

3.13
specific heat at constant pressure

c

p
amount of heat energy required to raise the temperatureof air per unit of mass at constanft pressure
3.14
specific heat at constant volume

v
amount of heat energy required to raise the ‘temperature of air per unit of mass at constanft volume

3.15
isentyopic exponent
k
ratio pf the specific heat at constant pressure to the specific heat at constant volume

K=-P
Cy
3.16
specific gas constant
R
differfence between the specific heat at constant pressure versus the specific heat at constant volume
Rl=¢, —cy
p—LC1
use
R=_P_
p-6
where

© IS0 2017 - All rights reserved 3
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e air density (3.18) (kg/m3)
e absolute pressure (3.27) (Pa)

e absolute temperature (3.10) (K)

For dry air, R4ry = 287.058 ] /(kg-K)

3.17
specific gas
Rwet

constant for humid air

e

atmospheric pressure divided ]’\y the den sity of air mn]fip]ind hy the absolute ambient temperatu
p
Ryver = a@
A Yq
3.18

air density

p
air density c

3.19

nlculated from the absolute pressure, p, (3.27) and the air temperature, 6

-6

stagnation density

Psg
air density (3
Osg (3.12)

psg:R

W

3.20
mean densit

Pm
mean value ¢

Pmﬂ

3.21
mean stagn

Psgm

.18) calculated from the stagnation pressure;psg, (3.29) and the stagnation temper

pSg
et'e

Sg

y

f the air densities of the'fan

P2
2

htion.density

mean value ¢

ature,

f thie stagnation densities of the fan

Psgm =

3.22

_ psgl +png

2

mass flow rate

dm

mean value, over time, of the mass of air which passes through the airway per unit of time

© ISO 2017 - All rights reserved
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volume flow rate

qvi

mass flow rate (3.22) divided by the density at fan inlet

m

Qvi=——

3.24

P1

volume flow rate at stagnation conditions

qvsgl

mass |

e}

3.25
averd
v
mass

3.26

refer
V2.ref
veloc
referg

<

Note 1

3.27

absolute pressure

p
press

3.28
mear
diffen

3.29

towrate (3-22)divided by the Stagmatiom density {3-19at famrimtet

qm
psgl

/sgl =

ge velocity

volume flow rate divided by the cross sectional area multiplied by the air density

ence velocity

ty calculated at fan outlet, A3, for the maximum mass flow rate (3.22) of the fan, g ma

nce density of standard air (3.2), pref = 1,200 kg/m3
b rof — qm.max
L.re

Pref 'AZ

to entry: See 12.9.3.

ure, measured with respect to absolute zero pressure

gauge pressure
ential pressure, measured with respect to ambient pressure pe =p — pa

v, and for the

stag
Psg

ationm pressure

absolute pressure (3.27), if the air were brought to rest via an isentropic process

p

3.30

K

k-1 -1
sg=p~[1+T~MazjK =p+fu-Pq

dynamic pressure

pd

© IS0 2017 - All rights reserved
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pressure calculated from the velocity, v, and the density, p

0
Pa=p 5
3.31
total pressure
Ptot

pressure calculated from the absolute pressure (3.27) and the dynamic pressure (3.30)

Ptot =P+ Pq
3.32
fan dynami¢ pressure
pfd
dynamic pregsure (3.30) of the fan, defined at the fan outlet with the average velocity,(3:25)
V3
Pfd =Pd3 = P2 Y
3.33
fan pressure

ps
difference bgtween the stagnation pressures (3.29) at the fan outlét-and the fan inlet

Pf =Psg2 = Psg1

or difference between the total pressures (3.31) at the fan outlet and the fan inlet

Pt =DPioth — Ptror1 allowed if v ref < 65 m/s

Note 1 to entrjy: For the establishment of the value 65 m/s, see Clause 13.

3.34
fan static pressure

Pfs

difference bgtween the staticpressure at the fan outlet and the stagnation pressure (3.29) at the fan inlet

D fs =D2 [ Psgl =Psg2@Pd2  fm2 —Psg1 =Pf —Pra - fmz

or difference between the static pressure at the fan outlet and the total pressure (3.31) at the fan inlet

Ps =P2 TProti =Ptotz ~Pd2 ~Prot1 =Pf ~Pra allowed if vy rer< 65 m/s

Note 1 to entry: For the establishment of the value 65 m/s, see Clause 13.

3.35
fan pressure ratio
r

ratio of the average absolute stagnation pressure (3.29) at the outlet section of a fan to that at its inlet

section as given by the following formula

Psg2
-
psgl

Note 1 to entry: The fan pressure ratio is dimensionless.

6 © IS0 2017 - All rights reserved
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3.36

rotational frequency of the impeller

n

number of revolutions of the fan impeller per second

3.37

tip speed of the impeller

u

peripheral speed of the impeller blade tips

u=m-n-D,

3.38
velodity of sound
c

distapce travelled per unit time by a sound wave at it propagates through air e=+Jx R, 10

3.39
Machi number
Ma
ratio pf the air velocity to the velocity of sound (3.38)
Ma=Y
c
3.40
peripheral Mach number
May

ratio pf tip speed to the velocity of sound (3.38) at the fan inlet stagnation conditions

u
Ma,, =

= ———
\[K'Rwet 'esgl
3.41

Mach| factor
M

correftion factor applied.to the dynamic pressure (3.30)

_ psg —-p
Pq

fm

Note 1 to entry: Phe Mach factor fp may be calculated by:

Ma? (2-x)-Ma* (2-x)-(3-2x) -Ma®

=1+ + + +
; 4 24 192
3.42
fan work per unit mass
Yt
increase in energy of air per unit mass passing through the fan
p2—p1 1 2 1 2
Ye=————+>fm2 V2" =5 fm1 V1
Pm 2 2

3.43

fan air power

© IS0 2017 - All rights reserved 7
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Py
mass flow multiplied by the fan work per unit mass P, =q,, - ¥¢ =qysg1 - P¢ -kp

3.44

compressibility coefficient

kp

ratio of the compressible to the incompressible determination of the fan output power, of the air moved,
for the same fan inlet air density, pressure ratio and mass flow rate (3.22)

Note 1 to entry: The fan output power is derived on the assumption of polytropic compression with no heat
transfer through the fan casing.

3.45
impeller power
Py
mechanical gower supplied to the fan impeller

3.46
fan shaft power
Py
mechanical jower supplied to the fan shaft

Note 1 to entrjy: Fan shaft power includes bearing losses, while fan impeller power (3.45) does not.

3.47
motor outpuit power
Py
shaft power putput of the motor or other prime mover

3.48
motor input power
Pe
electrical ingut power supplied at the terminals ¢fan electric motor drive without a variable speed|drive

3.49
drive contrgl electrical input power
Ped
electrical ingut power measured at the input terminals to the variable speed drive of a motor

3.50
fan impeller efficiency

Nr
fan air powen| (3.43) divided by the impeller power (3.45)

3.51
fan shaft efficiency

Na
fan air power (3.43) divided by the fan shaft power (3.46)

P,

na=P—“

a

8 © IS0 2017 - All rights reserved
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3.52
fan motor shaft efficiency

Mo
fan air power (3.43) divided by the motor output power (3.47)

Note 1 to entry: Differs from fan shaft power (3.46) by the amount of transmission losses because of the
transmission losses.

3.53

overall efficiency for a fan without variable speed drive

Ne

fan aif power (3.43) divided by the motor input power (3.48) for the fan without variable sp

3.54

=+

overdll efficiency for a fan with variable speed drive

Ned

fan air power (3.43) divided by the drive control electrical inptit power (3.49) for the fan ¥
speed drive

3.55

Nk =

motor efficiency

Tmot

motoi output power (3.47) divided by themotor input power (3.48)

Mot =5

P

o]

Pe

Note 1 to entry: See Annex Fy

3.56

variapble speed drive efficiency

Nc

motor input pewer (3.48) divided by the drive control electrical input power (3.49)

mnz

P,

€

eed drive

with variable

Ped

3.57
kinetic energy factor at section x

aAx

dimensionless coefficient equal to the time-averaged flux of kinetic energy through the considered
cross section, Ay, divided by the kinetic energy corresponding to the mean air velocity through this
cross section

o

[l vt
Ax — v 2

qm X
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where vy, is the local velocity normal to the cross-section

Note 1 to entry: Throughout this document, it shall be assumed, by convention, agx = 1, accepting some physical
distortion of the results, for the sake of simplicity.

3.58

Reynolds number based on the exit diameter
Rey

ratio of inertial to viscous forces

12 pup - AP
Red :0,958d$

:uup
4 Symbols, abbreviated terms and subscripts
4.1 Symbols and abbreviated terms
Symbol Represented quantity ?:ffil:it;g: SI Upit
iCS Common segment at the inlet side of the fan under test 8.1 —
iDS Duct simulation at the inlet side of the fan under test 8.2 —
iLD Long duct at the inlet side of the fan under test 8.5 —]
iTC Test chamber at the inlet side of the fan under test 9.3 —
iTS Free test space at the inlet side of the fan under test 6.9 —
oCS Common segment at the outlet side of the fan.under test 8.3 —
oDS Duct simulation at the outlet side of the fan under test 8.4 —
oLD Long duct at the outlet side of the fan under test 8.5 —]
oTC Test chamber at the outlet side of the\fan under test 9.4 —
oTS Free test space at the outlet side.ofthe fan under test 69 —
F, Fan Fan under test 11 —
VSS Variable supply system 10.1 —
iNZ Inlet nozzle A5 —
dNZ In duct nozzle ISO 5167-1 —
mNZ Multi nozzle A4 —
cOR Orifice in chamber A.6.4.5 —
dOR In duct-Orifice ISO 5167-1 —
iOR Inletlorifice A.6.4.4 —
oOR Qutlet orifice A.6.4.3 —
b Width of the rectangular section of a duct — M
c Velocity of sound at a point 3.38 m/s
Cp Specific heat capacity at constant pressure 313 J/kg/K
Cy Specific heat capacity at constant volume 314 J/kg/K
C Discharge coefficient Annex A —
d Diameter, e.g. diameter of orifice or nozzle throat Annex A m
D Diameter — m
Dy, Hydraulic diameter 3.8 m
iVl Mach factor for correction of dynamic pressure 341 —
fo Recovery factor for correction of temperature measurement 12.6.2 —
g Acceleration due to gravity 12.8.1 m/s?2
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Symbol Represented quantity ]3:21:322: SI Unit
h Height of the rectangular section of a duct 12.2.2.2 M
hrel Relative humidity 129.1 —
Hy, Hydraulic mean depth 39 M
Kp Compressibility coefficient for the calculation of fan air power Py 15.1.8 —
L Length of a conduit — M
Ma Mach number 3.39 —
May Peripheral Mach number 4 —
m Area ratio of an orifice plate (d/D)? Annex A —
n Rotational frequency of the impeller ﬁ@\'\\ r/s
ny, Polytropic exponent Am‘l}évl —
N Impeller speed OS )E\.2.4 r/min
p Absolute pressure A‘OU 3.27 Pa
pe Mean gauge pressure X O\U 3.28 Pa
Dt Fan pressure A 3.33 Pa
Dfd Fan dynamic pressure <& - 3.32 Pa
pfs Fan static pressure OQ‘ 3.34 Pa
P, Mechanical power supplied to the fan shaft \\\\ 346 w
P Motor input power n\\) 3.48 w
Ped Drive control electric input power \‘g\v 3.49 w
Po Motor output power n$ 3.47 w
Py Mechanical power supplied to the imgﬁfer of the fan 345 w
Py Fan air power ) \O 3.43 W
P_ Perimeter X \C\)b 3.8and 3.9 m
Im Mass flow rate N 3.22 kg/s
qsg1 Volume flow rate oi@&{n at stagnation conditions 3.24 m3/s
V1 Volume flow ratqué fan 2 m3/s
rd Pressure rati@?e’a flow meter rq = pdo/pup Annex A —
Ap Pressure,[‘s&ﬁ'for a flow meter rAp = Ap/pdo Annex A —
R Speciﬁ@\g constant 3.16 J/kg/K
Req Reicﬁélﬁ's number with the internal diameter of an in-line flow meter 3.58 —
Rep @}nolds number 8.6 —
Reu , \~peripheral Reynolds number 14.2.3 —
td)\ " | Time Annex C s
tm Motor output torque E.4 Nm
T Temperature — °C
1% Average velocity of air 3.25 m/s
u Tip speed of the impeller 3.37 m/s
Vi Fan work per unit mass 342 ]/kg
Yfs Fan static work per unit mass 15.19 ]/ kg
z Altitude — m
Ziand Zp | Auxiliary quantities 15.1.8 —
a Flow rate coefficient of an in-line flow meter Annex A —
A Ax Kinetic energy factor in the section x of area Ay 3.57 —
© IS0 2017 - All rights reserved 11
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Symbol Represented quantity l::ff;?itr:g: SI Unit
B Ratio of t_he internal diameter of an orifice or nozzle to the up- Annex A o
stream diameter of the duct d/D
B Ratio of t_he internal diameter of an orifice or nozzle to the down- Annex A .
stream diameter of the duct
Ap Differential pressure Annex A Pa
£ Expansibility factor Annex A —
3 Loss coefficient — —
(én—x)x 1Loss coefficient between planes n and x calculated for section x — —
n Efficiency 15.2 —]
0 Absolute temperature 3.10 Kl
Bind Measured temperature indicated by the probe (6 < 0ing < Osg) 12.6.2 K
K Isentropic exponent 3.15 —
A Coefficient of friction loss for a straight duct — —
u Dynamic viscosity 129.2 Pafs
p Density of air 3.18 kg/m3

4.2 Subscripts

1 Test fan inlet

2 Test fan outlet

3 Pressure measurement section in an inlet-side airway

4 Pressure measurement section in(amn outlet-side airway

5 Throat or downstream tapping for Ap for an inlet-side flow rate measurement

6 pstream tapping for Ap‘and tapping for pyp for an outlet-side flow rate measurement
7 pstream tapping foEAp and tapping for pyp for an inlet-side flow rate measurement
8 roat or downstream tapping for Ap for an outlet-side flow rate measurement

a mbient dtmosphere in the test space/regarding efficiency related to shaft

aux apixiiary

b barometer

C converted

d dynamic

do downstream of a flow rate measurement device

dry dry bulb

eq equivalent

f fan
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h hydraulic

L large

m arithmetic mean value between inlet and outlet cross-sections of the fan under test

mot motor

max maximum

min minimum

n reference plane of the fan; n = 1 for inlet, n = 2 for outlet (see 15.1.2)

r rotor/impeller

ref reference

S static conditions

S small

sat saturation conditions

sg stagnation conditions

T transition

Te tested

tot total

up upstream of a flow rate measurement device

v vapour

wet wet bulb

X section and the'mean value, over time, averaged over the area of the airway crass-section
5 (@eneral

The upper limit-of fan air work per unit mass is 25 000 ]/kg corresponding to an increase in|fan pressure
apprdximateljr€qual to 30 000 Pa for a mean density in the fan of 1,2 kg/m3.

The working fluid for test with standardized airways shall be atmospheric air, and the pressure and
température shall be within the normal armncphprir range

In ISO 13349, five fan installation categories are defined; see Figure 1.
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a) Installation category A

—

—

)

b) Installation category B

c) Instailation category C d) Installation category D e) Installation category E
Key
A freeinlet|free outlet
B freeinlet|ducted outlet
C ducted injet, free outlet
D ducted injet, ducted outlet
E freeinletpnd free outlet without a partition

In the above

Free inlet or

free atmosphere. Ducted inlet or outlet signifies that the air enters or leaves the fan through :

directly conf

In this docu
installation ¢
to ISO 13350

The fanto b
The test rep
more than o

Furthermorsg
profile is dis

The downsti
the fan may 1
flow at the f3

!

Figure 1 — Installation categories

classification, the terms have the following meanings.

outlet signifies that the air enters or leaves the.fan directly from or into the unobstr

ected to the fan inlet or outlet, respectively.

ment, a number of test configurations are defined (see Clause 6) corresponding f{
ategories A, B, Cand D defined im1SO 13349. The installation category E is tested accq
(jet fans) or other relevant standards (e.g. ISO 27327-2 for air curtains).

 tested shall be classified according to one of the categories A, B, C or D specified 3

e installation category and test configuration will have more than one performance,

the performan¢eof the fan may be modified by the upstream air flow, e.g. if the v¢
orted or if there'is swirl.

eam flow generally cannot act on the flow through the impeller, but a duct at the ou
modifysits performance, and the losses in the downstream duct may be modified by 4]
n oftlet.

ucted
1 duct

o the
rding

bove.

rt shall state the categery of installation for which the fan was tested. A fan adaptable to

locity

tlet of
he air

Methods of

TEGSUTENTeNt and catculation fortireflow Tates, famr pressuresamdfamefficienct

S are

established in this document, taking into account all compressibility effects of the air. For fan pressure
less than 2 000 Pa, the change of density between fan inlet and fan outlet can be neglected. Other
compressibility effects can be neglected for reference velocity values not higher than 65 m/s (see
Clause 13).

6 Test configurations

6.1 General

The laboratory shall test the fan as delivered; it is the responsibility of the organization supplying the
fan to the laboratory to include all ancillaries are included for their intended use. The test report shall
include all information to the measurement setup, i.e. the shape and position of the used ancillaries.
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6.2 Category A configuration

In order to qualify for installation category A, the fan shall be tested without any inlet or outlet duct,
but may be tested with the ancillaries supplied with the fan, i.e. protection grid, inlet bell, etc.

An inlet or outlet chamber is used in this case as defined in 9.4 and 9.5.

6.3 Category B configuration

An outlet duct, simulating ducted conditions, shall be used and the fan may be tested with the ancillaries
supplied with the fan.

shall pe used (see 8.4). See Annex G for recommendations for using this configuration for fans with

Whevl)the outlet pressure of the fan is measured in the outlet duct, a common segment 4t the fan outlet
signifficant swirl.

6.4 |Category C configuration

An inlet duct, simulating ducted conditions, shall be used and the fan may-be tested with the ancillaries
suppljed with the fan.

Wher the inlet pressure of the fan is measured in the inlet duct, a.cOmmon segment at the flan inlet shall
be used (see 8.2).

6.5 |Category D configuration

An in]et duct and an outlet duct, simulating ducted conditions, shall be used and the fan may be tested
with the ancillaries supplied with the fan.

Wher] the outlet pressure of the fan is measured in the outlet duct, a common segment at the fan outlet
shall pe used (see 8.4). See Annex G for recommendations for using this configuration for fans with
signifficant swirl.

Wher] the inlet pressure of the fanis'measured in the inlet duct, a common segment at the fan inlet shall
be used (see 8.2).

6.6 |Inlets and outlets

Fan inlet and outlet areas are defined in ISO 13349.

6.7 |Fans withysignificant swirl

the standardized test setups of this document within a given uncertainty (see Clause 1|7).Fans with
signifficant swirl (as for example, axial fans without outlet guide vanes) in installation cat¢gories B and
D may have additional uncertainty. This additional uncertainty depends on fan design, operation point
and test setup (see Annex G). The test report shall clearly state the geometry of duct used at the outlet
of the fan.

The Ierformance of a fan for a defined installation category will be determined cdrrectly with

6.8 Airways

All test airways shall be straight. Joints between airway sections shall be in good alignment and free
from internal protrusions. Where provision is made for the insertion and manipulation of measuring
instruments, special care shall be taken to minimize leakage and obstruction of the airway.
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6.9 Testspace

The assembly of the fan with its test airways shall be so situated that, when the fan is not operating,
there is no draught in the vicinity of the inlet or outlet of the assembly of speed greater than 1 m/s.

Care shall be taken to avoid the presence of any obstruction which might significantly modify the air
flow at inlet or outlet of the fan under test or the test configuration. For details, see 9.4.1 and 9.5.1.

Other unobstructed space at the inlet and outlet of flow-measurement devices is specified with these

devices. Rela

6.10 Leakage

ted dimensions of the test chambers are specified in 9.4.1 and 9.5.1.

Leakage of the test installation between the flow rate measurement plane and the fan under test shall
be negligiblelcompared to the maximum flow rate of the fan under test.

Aleakage tegt shall be performed prior to initial use and periodically thereafter, withieorrective action
taken if necefsary. See Annex C for recommended leakage test methods.

6.11 Testrgport

All referencefs to fan performance stated to be in accordance with this decGment shall also state tHe test
configuration to which they refer. In reporting a test, the test configuration defined in Clause 11 shall
be stated.

7 Carryinpg out the test

7.1 Working fluid

The working|fluid for tests with standardized airways shall be atmospheric air.

7.2 Rotational speed

For constant|speed characteristics, thefan shall preferably be operated at a speed close to that spegified.
Where the speed is substantially different, or where the fan is intended for use with a gas othef than
air, or at a different density, the pfoyisions of Clause 14 and 15.3 shall be applied.

In the case ¢f inherent speed-characteristics, as defined in 16.4, the fan motor shall be operated at
nominal or rated supply cenditions of the motor or prime mover.

7.3 Steady operation

Before taking measurements for any point on the fan flow rating curve, the fan shall be run until steady
operation is|achieved. Where steady-state is not possible, a measurement may be taken and g note

about the unsteadiness shall be made in the test record.

7.4 Ambient conditions

Readings of atmospheric pressure, dry bulb temperature and wet bulb temperature shall be taken
within the test space during the series of observations required to determine the fan characteristic
curves. If the ambient conditions are varying, sufficient readings shall be taken to obtain (for each
test point on the characteristic curve by averaging) a value which is compatible with the accuracy of
measurement given in this document.
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Pressure readings

Pressure in the test airways shall be observed over a period of not less than 1 min for each point on the
fan characteristic curve. Rapid fluctuations shall be damped at the manometer and if the readings still
show random variations, a sufficient number of observations shall be recorded to ensure that a time-
average is obtained within the accuracy limits given in this document.

7.6

Test for a specified duty

Tests for a specified duty shall comprise not less than three test points determining a short portion of
the fan characteristic curve including the specified duty. Measured points shall be indicated in the plot.

7.7
Tests

to pet
will b

7.8

Test points outside the normal operating range may be recorded<and the complete fan ¢

curve
have

8 Airways for duct simulations

8.1

Stand
adjac

8.2

This (
tappi

A tra
indic4

0
0

Test for a fan characteristic curve

for determining fan characteristic curves shall comprise a sufficient numbet.ofplotte
mit the characteristic curve to be plotted over the normal operating range.Closely 4
e necessary where there is evidence of sharp changes in the shape of thécharacteris

Operating range

plotted, for information only. Tests made outside the normal operating range will ng
he accuracy expected for tests made within the normal range.

General

ardized airways for category B, C or.D ducted fan installations shall incorporate duc
bnt to the fan inlet and/or outlet which are described in this clause.

Common segments at fan.inlet (iCS)

omprises the section of{theinlet side test airway adjacent to the fan and incorporate
hgs in accordance withyt2.8 as shown in Figure 2.

nsition section may be used to accommodate a difference of area and/or shape wit}
ited (see Figure 2):

05 < A3/A1)< 2,25 for circular A1

05.<£ A3/A1 For rectangular A1, there is no upper limit on A3 or on the aspectra

d test points
paced points
[ic curve.

haracteristic
t necessarily

[ simulations

b a set of wall

1in the limits

rio b/h
t sides shall

(where b > h), but the included angle of expansion between the shor

Lt1/Dn3 =1

not exceed 157 and the included angle of contraction between the long sides

shall not exceed 30°.

For rectangular A1: LT1/Dp3 2 1 is possible (see above note to A3/A1).

If acoustic in duct measurements are carried out at the same time as air flow performance tests,
the transition shall also comply with the requirements of ISO 5136 (cited in 10.4). For other test
configurations, the relevant parts of ISO 13347 (all parts) shall be used.

© IS0 2017 - All rights reserved
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The section adjacent to the fan inlet has the same cross-section as the fan inlet to which it is attached
and its length, Ls1, is as given in Formula (1):

Lgq =Dy

where

Dp1 is the hydraulic diameter at the inlet of the fan.

M

If the air enters the common segment directly from the unobstructed free atmosphere or if the common
segment is installed downstream of an inlet test chamber as a duct simulation, it shall be used with a

bell mouth e

htry at its inlet end (see Figure 3).

If a throttling device or an auxiliary fan is installed upstream of the common segment, a(straightener

(see 10.3) sh

18

hll be used upstream of the common segment to provide the measuring plane 3 with|swirl
free conditiopns for reliable pressure measurement.
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D D Ly Lg
\ J|L
d e
( LIL

Figure 2 — Common segment at fan inlet

8.3 Tmletductsimutationr (iDS)

A fan tested for use with free inlet but adaptable for ducted inlet may be converted for test from the
former to the latter by attaching an inlet-duct simulation section to its inlet.
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The simulati
the length Lg

Ls; 2Dy

A bellmouth

Aninletleng
for any fan g
to enable the
complete fan
use the comf

8.4 Comn

017(E)

Ve

Figure 3 — Inlet duct simulation with bellmouth entry

bn section shall have the same cross-section as the fan inlet to which it is attached

1, given by Formula (2):

|

entry shall be fitted; gepmetry shown in Figure 3.

th equal to Lgq is the-normal relationship and provides a true ducted-inlet fan characte
ver the range ofnermal working duty. In certain cases, however, a longer duct is n
fan to develop its’full ducted-inlet pressure at or near zero-volume flow. If in such ¢
characteristic-curve is required, it is permissible to extend this element as required
hon segment of 10.3.3 with a bellmouth entry at its inlet end.

jon‘ségment at fan outlet (0CS)

with

(2)

ristic
peded
hses a
or to

This comprisesthe section of an outiet side testairway adjacent to the fan. It incor porates a standar
flow straightener of star type in accordance with 10.3.3 in the central cylindrical section, together with
a set of wall tappings in accordance with 12.8.

dized

A transition section may be used to accommodate a difference of area and/or shape within the limits

indicated (see Figure 4):
0,95 < A4/A2 < 1,07 for all Ap-shapes
Ltp/Da=1 for all Ap-shapes except for rectangular A with

20

bp/hy >4/3 : L1oD4 =3/4+by/hy
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If acoustic in duct measurements are carried out at the same time as air flow performance tests,
the transition shall also comply with the requirements of ISO 5136 (cited in 10.4). For other test
configurations, the relevant parts of ISO 13347 (all parts) shall be used.

The friction-loss coefficient of the transition section is that of a duct of diameter D4 and length Lt>.

2D, 2D, D, , D,
EH——— -—-;—-—--—-—-% 3l —
o o 5
L1, D, 2D, D, D,
@:--—-——— ——;__-5_.
> 5
L, D, 2Dy D, D,
__.@.__._ | — + — g
@ ®

NOTE Alternatively, the'pressure tapping (4) can be placed in the chamber as shown in Figure|10.
Figure 4 — Coemnmon segment at fan outlet [with flow straightener (star type shown)]

For centrifugaly cross-flow or vane-axial fans (not having significant swirl), a simplified outlet duct
(8.5) may alternatively be fitted to obtain a type B or D configuration when discharging tq atmosphere
(oTS)|or:an outlet test chamber (oTC).

For large fans (outlet diameter 800 mm or larger), it may be difficult to carry out the tests with
standardized common airways at the outlet including a straightener. In this case, by mutual agreement
between the parties concerned, the fan performance may be measured using a duct simulation on the
outlet side (8.5). Results obtained in this way may differ to some extent from those obtained using the
common segment at fan outlet (8.4), especially if the fan produces a large swirl.

8.5 Outlet duct simulation (oDS)

A fan tested for use with free outlet but adaptable to ducted outlet may be converted for test from the
former to the latter by attaching an outlet-duct simulation section to its outlet (see Figure 5).
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Figure 5 — Duct simulation at fan outlet

J——

@_

The outlet d
determined |

2<Lg, /1
The outlet d
outlet test sp

The outlet st
the static pre

Do <4

ace (oTS).

8.6 Longduct (LD)

A long duct
straightener

10D ,

ict simulation can be used with an outlet test chamber (0TC) in accordance with

atic pressure of the fan under test is not measured in this duct-but considered as eq
ssure in the outlet test space (0TS) or the outlet test chamber (oTC).

|
|
|
g 11
|
|
|
|
}
|
|

ict simulation shall be of the same cross-section as the fan outlet and the length”shall be
by the condition given in Formula (3):

(3)

B.4 or

ual to

shall be straight and have a uniform circular{cross-section. Duct length betwegn the
and the Pitot static tube shall be not less than5Dy.

Key

1 cell straig

htener

2 star straightener

22

Figure 6 — Long duct
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8.7 Loss allowances for standardized airways

Conventional allowances given in this subclause shall be made for airway friction in tests with
standardized airways.

Friction factors for duct losses may be based on either hydraulic diameter or hydraulic mean depth.
Care should be taken to ensure the correct value of friction factor is used. Figure 7 shows values for
smooth ducts.

The coefficient of friction loss can be determined from Formula (4):

A=0,005+0,42(Reps) 073 4)

wher¢ / is the coefficient of friction loss for a length of one diameter of a straight duct.

Thes¢ allowances depend on the Reynolds number, Rep, of the flow in the test airway and fare based on
fully gleveloped flow in smooth ducts, irrespective of the actual flow patterngproduced by the fan.

The dllowances are calculated for the inlet common segments described-in 8.7.1, the outlet common
segments described in 8.4 and the long duct described in 8.6 between.the'fan and the plang of pressure
measpirement. The same allowances shall be made when transition s€ctions are incorporaged.

A
0,03
N S
N
\\
NN
0,02
\\
NN
T~y
\\\

0,01 T~

10.% 10° 10° 107 Rep

Figure 7 — Coefficient of loss for a length of one diameter of a straight du¢t

8.7.1 Loss allowances for an inlet common segment (iCS)

The conventional loss coefficient (§3-1)3 between plane 3 and the inlet is given by Formula (5):

(63.1),=0,015+1,26(Reps) " (5)
where
Reps = Ym3D3P3 _Vm3Ds ;6

3 15

in standard air.
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The energy losses between planes 3 and 1 are given by Formula (6):

P3Vins
2

Aps 1 =(&3-1), fus (6)

8.7.2 Loss allowances for inlet duct simulation (iDS)

There are no losses allowed for this inlet duct.

8.7.3 Loss allowances for outlet common segments (0CS)

8.7.3.1 Wilth a star straightener (0CS)star

The conventional loss coefficient of the star straightener including the external duct is given by

Formula (7):

-0,12
éstar 20'95'(R6D4) (7)
with
4.
ReD4 :_L
N-Dy gy

The conventional loss coefficient (é2-4)4 between the fan outlet’2 and the measuring plane 4 is given by

Formula (8):
=A- L2—4 8

(52—4 )4-star - +§star (8)
where

Lp-4  if the length of the duct betweéen the fan outlet 2 and the measurement section 4;
A if the coefficient of friction)loss for a length of one diameter of a straight duct given by

A4=0,005+0,42-(Répy )_0’3 and is plotted against the Reynolds number in Figure 7.

8.7.3.2 Wilth a cell straightener (0CS)cen
The coefficiegnt of friction loss, 4, for a length of one diameter of a straight duct is given in 8.7.3.1.

The ratio of ¢quivalent length Leq of a cell-straightener to hydraulic diameter Dy, of the duct is given by
Formula (9):

Leq 15,04 9
D, 1,83 (9)

2
1-26,65-—— +184,6-| ——
Dy, Dy

where

e isthe vane thickness.
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The conventional loss coefficient (§,_4 ), ., iS given by Formula (10):

Ly -4

8.7.4

.C

Loss allowances for duct simulation at outlet (oDS)

Therg

8.7.5

8.7.5
The c

8.7.5
The c

9 Standardized test chambers

9.1
A cha

conditions the fan is expected to encountéer'in service, or both.

The t

9.2
The W

9.3

9.3.1

are no losses allowed for this outlet duct.
Loss allowances for long duct (LD)

1 With a star straightener (LD)star

hiculations in 8.7.3.1 shall apply.

2  With a cell straightener (LD)cen

hlculations in 8.7.3.2 shall apply.

General

Imber may be incorporated in a laboratory setup to provide a measuring station or to

bst chamber cross-section may-be circular or rectangular.

Pressure tappings

Flow-settling means

FlowH
neces

General
ling means shall installed in chamber rovi he r ired fl
sary.

(10)

is the length of the duct between the fan outlet 2 and the measurement section 4.

simulate the

Fall tappings in theaneasuring planes shall be in accordance with the requirements of 12.8 and be
equally spaced around:acylindrical chamber or on each side of a rectangular chamber.

terns when

The effectiveness of the airflow settling means in all chambers shall be verified by tests as described in

9.3.2,

9.3.3,and 9.3.4.

Some validation tests require that the flow and the pressure be determined prior to the settling means
having proved their effectiveness. It can be assumed that the tests taken in this condition (with the
non-verified settling means) are sufficiently accurate to be used to establish acceptance criteria.

Once the flow settling means have demonstrated that all applicable acceptance criteria have been met,
the chamber may be used for all future testing within the limits defined by the acceptance criteria.
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9.3.2 Piezometer ring check

Individual pressure readings for each pressure tap of the piezometer ring are to be measured. When
the mean of these readings is less than or equal to 1 000 Pa (4 inch water gauge), all of the individual
readings shall be within 5 % of the mean. When the mean of these readings is greater than 1 000 Pa
(4 inch water gauge) all of the individual readings shall be within 2 % of the mean (see also 12.8.10).

9.3.3 Blow through verification test

This test evaluates the ability of the airflow settling means to provide a substantially uniform airflow
ahead of a measurement plane. For this test, equally spaced measurement points are located in a plane

0,1Dy, downs
with ISO 580

For tests of g
flow rate, the
be equal tot

treamrof-thesettling mearrs—Fhemumber of measurementpoints—shatt-betraccor
2.

ettling means upstream of the nozzle wall, the auxiliary fan should be set at its'max
 entire nozzle shall be open, the inlet of the chamber shall be open and the\inlet arez
he largest area allowed by the chamber cross sectional area.

dance

imum
shall

For tests of dettling means upstream of the test fan, the auxiliary fan shall be set.at its maximum flow

rate, half of {
beequaltot

The flow vel
2 m/s (400 f{
screens are g

9.3.4 Outl

One purposq
normal expa
the jet boung

A series of

measuremer
from 11 % of]
all of the noz
the static pr¢
plane. The se

9.4 Stand

94.1 Test

he nozzles shall be open, the outlet of the chamber shall be open‘and the outlet areg
he largest area allowed by the chamber cross sectional area.

cities shall be measured and the average determined. If the, maximum velocity is les
/min) or if the maximum velocity value does not exceed 125 % of the average, the s¢
cceptable.

et chamber reverse flow verification test

of the settling means is to absorb the kinfetic energy of an upstream jet and all

shall

b than
ttling

w its

hsion as if in an unconfined space. This requires some backflow to supply the air to nix at

aries. If the settling means are too restrictive, excessive backflow will result.

fests shall be run to verify that reverse flow is not excessive at fan static prg
t plane. Each test shall be run with a varying opening in the chamber entrance st:

ssure
rting

the chamber area and proceeding to lower percentage openings. Each test shall be run with

zles open and the auxiljaky/at its maximum flow rate. At each test, it shall be verifie
ssure downstream of the’'settling means is less than the fan static pressure measuré
ries of tests may be-stopped at the first set of conditions that verify the above require

ardized inlef.test chambers (iTC)

chambers

The test ch
2/3 <b3/h3

mber‘cross-section may be circular with inside diameter D3 or rectangular b3-h3

d that
bment
ment.

with

372.

The dimension D3 in the following figures corresponds to the hydraulic diameter of the cross-section

given in Formula (11):

D3 =Dy3

26
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20,3D 5 20,2D 5 20,3D 5

:

NOTE Wall tappings and Pitot tube can'be used alternatively or together.
Figure 8 — Inlet side test chamber

The lgngth of the chambershall be sufficient to accommodate any fan to be tested without |nfringing on
the mlinimum distanceShown in Figure 8 and Figure 9.

For fdns with an inlet-side drive or double-inlet fans, where a corresponding minimum distance is
necessary in theychamber between the pressure tapping and the next segment of the fan depending on
the injstallation conditions, it will be necessary to use a test chamber extended in length compared with
the mlinimuim dimensions indicated in Figure 9.

The pressure-measuring prane 315 {see Figure 8 anmd Figure 9)

— atleast 0,3-D3 upstream of the first downstream distortion, and

— atleast 0,2:D3 downstream of the flow-settling means.
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D,y

a) Example of an axial fan

20,2D 5 \

e

— 0,125D 32

L -

v
=
N
>
w
1
e
w
>
w

““‘T‘
|
$
|
|
|
TS
|
||

I‘I_»i

®

c) Example of a fan with motor on the inlet side
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d) Example of a double-inlet centrifugal fan (SR indicates spherical radius)

Key
a  Iglet (maximum dimensions).

NOTE The fan illustrated has the maximum permissible dimensions.

Figure 9 — Examples for fan installations at inlet side test chambers

9.4.2| Fan under test

Inlet thambers shall have’a cross-sectional area greater than five times the fan inlet areg, as given in

Formjla (12):
Az >5-44 (12)

If there is more than one inlet, they shall be so located that the flow remains as symmetrical about the
champeraxis as possible. r

In a chamber of rectangular cross-section, any side shall be greater than twice the inlet diameter, as

given in Formula (13).

by 22Dy (13)
When testing a double-inlet fan, the minimum width of the chamber shall be capable of accommodating
both inlets. It is expedient to choose a chamber with rectangular cross-section, where the chamber

width, b3, is the sum of the fan width, b, and an open space surrounding the two intake openings
corresponding to a hemisphere of radius equal to 1,25-D1 as shown in Figure 9 d).
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9.5 Standardized outlet test chambers (0TC)

9.5.1 Testchambers

The test chamber cross-section may be circular with inside diameter D4, rectangular bs-hs with
2/3 < ba/hs <3/2.

The dimensions Dy and D4 in Figure 10 correspond to the hydraulic diameter of the cross-section given
in Formula (14):

D4_=Dh4 (14)
Ji
0,5/
‘ T
| I
| I
Il
o
B | Il
Il
1 I S Y N HE_ A e T
O+ s
. i | |
i | 3
| I
| It -
| I
s 111

NOTE1 The distance J is equal’to at least the diameter of the outlet duct for fans with axis of rdtation
perpendiculay to the dischargeffow (J = Dy2), and to at least twice the diameter of the outlet duct for fans with
axis of rotatiopn parallel to the\discharge flow (J = 2:Dy?).

NOTE 2  Pr¢ssure tapping (4) can be placed in the chamber as shown in Figure 10 for fans with uniform flow
without swirl

Figure 10 — Outlet side test chambers

9.5.2 Fan under test

The size of the outlet chamber is very large relative to the fan size (equivalent to a large open space).
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An outlet test chamber (see Figure 10) shall have a cross-sectional area at least nine times the area of
the fan outlet or outlet duct for fans with axis of rotation perpendicular to the discharge flow, as given
in Formula (15):

Ay29-4, (15)

The cross-sectional area of the outlet test chamber for fans with an axis of rotation parallel to the
discharge flow shall be atleast 16 times the area of the fan outlet or outlet duct, as given in Formula (16):

Ay 2164, (16)
10 Vlarious component parts for a laboratory setup
10.1(General
A labpratory setup is a combination of test chambers, ducts, flow rate gr\pfressure measuring units,

straig
10.2

10.2.

The V]
from

hteners, transition parts and a variable supply system.
Variable supply system

I General

ariable supply system is installed preferably at the, outlet of the test configuration
the fan under test and from the flow rate or pressure measuring units by means of a

or a duct of at least 2D. It is used to vary the point af‘operation in the laboratory setup and

a thrd

10.2.

Throt
side (
sectid

10.2.

Auxil
to prd
adjus
shall

auxili

ttling device, an auxiliary booster fan or aigoémbination of both.

4

Throttling device

tling devices may be used to control the point of operation of the fan under test. On the
f the throttling device in atduct, a straightener shall be used to prevent flow dis
ns of flow or pressure measurements or at the inlet of the fan under test.

B Auxiliary fan

ary fans may betwsed to control the point of operation of the fan under test. They shal
duce sufficient pressure at the desired flow rate to overcome losses through the test
Fment means; such as dampers, pitch control or speed control may be required. A
not create)surge or pulse flow during test. A cell straightener shall be interposed
ary fahiand any test airway to which it is connected to prevent flow disturbances §

or separated
test chamber
may include

downstream
turbances at

| be designed
setup. Flow-
uxiliary fans
between the
it sections of

flow Tr pfreSsure measurements or at the inlet or the outlet of the fan under test.

10.3

Straightener

10.3.1 General

In the presence of swirl, simple measurements of pressure or volume flow are impossible. Therefore,
a straightener must be included when tests are to be taken in a duct on the outlet side of the fan. Even
in cases of axial fans with guide vanes, a straightener must always be used upstream of a static or
dynamic pressure measuring plane located within a test duct at the fan outlet.

10.3.2 Cell straightener

The cell straightener is used to reduce swirl. It does not improve asymmetric velocity distributions.
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The cell straightener consists of a nest of cells of equal cross-section (hexagonal, square, etc.) each with

width w and length L. The vane thickness e shall not exceed 0,005D (see Figure 11).

w=0,075D
L=0,45D
e<0,005D

All dimensions shall be within +0,005D except e.

10.3.3 Star

The star str3
velocity dist
flows throug

The star strd

straightener

lightener is designed to eliminate swirl but is of little use in equalization of asymr
ributions.-It’allows, unlike the cell type, the static pressure to equalize radially as t

h it.

ighttener, as shown in Figure 12, is constructed of eight radial blades of length 2D (¥

+1 % toleran

ce)and of thickness not greater than 0,007D for pressure loss considerations. The K
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Figure. 11 — Cell type flow straightener

netric
he air

vith a

lades

will be arranged to be equidistant on the circumference with the angular deviation being no greater
than 5° between adjacent plates.

32
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Figure 12 — Star type flow straightener

10.4 |Transition parts

10.4.1 General

In 8.4 and 8.4, transition parts are defined for the connections between the fan under|test and the
comnpon segments. Further transition parts'will be needed to connect setup-componentf of different
crosstsectional shape or size, which can'Be'used in both flow directions and shall be in accprdance with
the cqndition given in Formula (17):

24.{ (A _ /ﬂ] (17)
T TC

wherg

h

Aj, isthe largerarea of the transition part;
Ak is the'smaller area of the transition part.

If acqustic\in duct measurements are carried out at the same time as air flow perforjmance tests,
the trdnsition shall also comply with the requirements of ISO 5136 (cited in 10.3). For other test
configurations, the relevant parts of ISO 13347 (all parts] shall be used.

© IS0 2017 - All rights reserved 33


https://standardsiso.com/api/?name=3a63837197ce184f3793be1fb9d948cb

ISO 5801:2017(E)

10.4.2 Rectangular/circular transition

Figure 13 — Rectangular/circular transition

10.4.3 Circylar/circular transition

Figure 14 — Circular/circular transition
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10.4.4 Connection for double-inlet fans

NOTE Ay, is/the total area of 2b-h, Ay, = 2b-h. Outlet cross-section of 2b-h is be smaller or equal t¢ circular inlet
cross-sections

Figure 15 — Connection for double inlet fans

11 Standard test configurations

11.1 Units

Following defined units are to combine for setup configurations of type A, B, C and D. Restrictions of
their use are indicated. Some examples are shown in Annex K.
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Fan under test:

Fan

___@__

@ @

Figure 16 — Fan under test

Variable supply system (including auxiliary fan and/or throttling device: vss (10.2'2 and 1(.2.3)

Figure 17 — Variable supply system

—I_ ''''''''' 1 VvVvSsS— 71—~ ‘i_

A flow straightener of cell type and a duct of 2D-length shall be interposed between an auxiliafy fan
and any test pirway to which it is connected. On the downstream side of the throttling device in a fluct a

straightener|and a duct of

Flow rate measurement:

2D length shall be used.
qv(12.5)
r T 1T T
e Db i
IR\ I S i

Figure 18 — Flow rate measurement

Clearances 4t the inlet and ‘the outlet of flow rate measurement devices are defined with thgm in

Annex A.

36
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Inlet and outlet text chamber:

Figure 19 — Inlet test chamber

iTC and oTC (9.3 'and 9.4)

Figure 20 — Outlet test chamber

iTC and oTC may contain a flow rate measurement unit (see Annex A).
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Inlet (iCS) and outlet common segment (0CS) (8.2 and 8.4):

®

"
TGS —— —=
|

@

Figure 21 — Inlet common segment

Inlet (iCS) a

Long duct:

hd outlet common segment (0CS) (8.2 and 8.4):

- — -oCSt—— —

_%___

@

®

Figure 22 — QOutlet common segment

LD (8.5)

- e D 4>_ ..... 1

LD is used at
be used simy

Figure 23 — Long duct

the inlet or the outlet side of the fan under test. LD may contain Pitot-travers, which may
Itaneously for flow rate and for p3 or p4 measurements.

Inlet (iDS) aind outlet duct-simmulation (oDS) (8.3 and 8.5):

~+—— ——iDS——1

38

®

Figure 24 — Inlet duct simulation
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Inlet (iDS) and outlet duct simulation (oDS) (8.3 and 8.5):

+——= ——oDS——+

©)

Figure 25 — Outlet duct simulation
iDS ugually intakes air directly from iTS but it may also be combined with iTC. iDS.is’between 1 D1 and
3 D1 long; no transitions are allowed.

oDS usually discharges air directly to oTS but it may also be combined with'oTC in accordance with 8.4.
oDS ig between 2 D2 and 4 D2 long; no transitions are allowed.

Inlet and outlet test space: iTS and oTS (6.8)

Inletside pressure is measured at 6: iTS, iTC, iCS or ED

Table 1 — Test configurations A and B

iTS — Free and unobstructed inlet
— Only a bellmouth inlet is allowed

— @ is the static pressure measured in free test space where the air velocity i negligible
(atmospheric pressure)

iTC

Table 2 — Test configurations C and D

iDS — 1D<Lips&3D; ¢&ps=0

— @ is-the static pressure measured in free test space where the air velocity is negligible
(atmospheric pressure) NO transition or other duct allowed

iCS — 4DSin or oniTC is allowed iCS- Lics = 4D; &ics=0

~ Transition and other duct is allowed

— iCSinoron iTCis allowed LD
LD — Lip=11,5D; &.p#0

— Transition and other duct is allowed

— LD inoroniTC is allowed

NO other pressure measuring unit at the inlet of the fan under testis allowed. Temperature measurement
is recommended in iTS or iTC.

Outlet side pressure is measured at “4”:  oTS, oTC, oCS or LD
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Table 3 — Test configurations A and C

oTS — Free and unobstructed outlet
— NO ductis allowed

— @ is the static pressure measured in free test space where the air velocity is negligible
(atmospheric pressure)

oTC

Table 4 — Test configurations B and D

2D I AD: < =0
oDS 2 D-stps<=4-Di—énps—0

— @ is the static pressure measured in free test space where the air velocity is negligiple
(atmospheric pressure)

— NO transition or other duct allowed
— oDSin or on oTC is allowed oCS
oCS — Locs=6D; &ocs#0

— Transition and other duct allowed

— oCSinoronoTCisallowed LD
LD — Lip=11,5D; &Lp#0

— Transition and other duct is allowed

— LD in or on oTC is allowed

NO other pressure measuring unit at the outlet of the fan under test is allowed.

11.2 Measuring flow rate

Clearances apd straight ducts at the inlet and the'gutlet of flow rate measuring devices (see Table ) are
defined with|these units in Annex A or in otherIniternational Standards.

Table 5 = Flow rate measuring devices

Flow rate measuring device Definitions
inlet nozzle-(“iNZ") A5
inlet arifice (“iOR”) A6.44

PEI'OT traversing ISO 3966
multinezzle in chamber (“mNZ”) A4
orifice in chamber (“cOR”) A.6.4.5
in duct nozzle (“dNZ") ISO 5167-1
in duct orifice (“dOR”") 1S0 5167-1
outlet orifice (“oOR”) A.6.4.3

In this document, the pressure tappings are also indicated with following numbers:

— for an inlet-side flow rate measurement:

— 7
— 5

Upstream tapping for the pressure difference and tapping for pyp (Index up);

Throat or downstream tapping for the pressure difference (Index do);

— for an outlet-side flow rate measurement:

— 6
— 8

40

Upstream tapping for the pressure difference and tapping for pyp (Index up);

Throat or downstream tapping for the pressure difference (Index do).
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Table 6 — Test configurations A

ISO 5801:2017(E)

inlet side outlet side
vss and/or qy P iDS fan oDS P vss and/or qy

A-01 iTS X oTC X

A-02 X iTC X oTS

A-03 iTC X oTC

A-04 X iTC X oTC X

A-05 iTC X oTC

x Component is installed.
The cpnditions at the inlet and the outlet of the fan are calculated as shown in(€lause 15(according to

the cq

Examiples for test configurations A are shown in Figure 26, Figure 27 and Eigure 28.

mponents used.
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11.4 Standard test configurations B

B-01
B-02
B-03
B-04
B-05
B-06
B-07
B-08
B-09

The conditio

11.5 Stand

C-01
C-02
C-03
C-04
C-05
C-06
C-07
C-08
C-09

Table 7 — Test configurations B

inlet side outlet side
vss and/or qy P iDS | fan | oDS P vss and/or qy
iTS X oCS, LD X
iTS X X oTC X
X iTC X oCS, LD
iTC X oCS, LD X
iTC X oCS, LD
iTC X X oTS
iTC X X oTC
X iTC X X oTC X
iTC X X oTC
x (Jomponent is installed.
s at the inlet and the outlet of the fan are calculated as showwin Clause 15 accordjng to
the components used.
ard test configurations C
Table 8 — Test configurations C
inlet side outlet side
vss and/or qy p iDS | fancy} oDS p vss and/or qy
X iCS, LD X oTS
X iTC X X oTS
X iCS, LD X oTC
X iCS, LD X oTC X
iCS, LD X oTC X
iTS X X oTC
iTC X X oTC
X iTC X X oTC X
iTC X X oTC X
x (omponentys installed
Ing to

The conditi(;[:s at.the inlet and the outlet of the fan are calculated as shown in Clause 15 accord
the compon

11.6 Standard test configurations D

D-01
D-02
D-03
D-04

42

ts’used

Table 9 — Test configurations D

inlet side outlet side
vss and/or qy D iDS | fan | oDS /] vss and/or qy
X iCS, LD X oCS, LD
X iCS, LD X oCS, LD
iCS, LD X oCS, LD X
X iCS, LD X X oTC
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Table 9 (continued)
inlet side outlet side
vss and/or qy P iDS | fan | oDS 7 vss and/or qy

D-05 X iCS, LD X X oTC X
D-06 iCS, LD X X oTC X
D-07 X iCS, LD X X oTS

D-08 X iTC X X oCS, LD

D-09 X iTC X X oCS, LD X
D-10 iTC X X oCS, LD

D-11 iTS X X oCS, LD X
D-12 X iTC X X X oTC

D-13 X iTC X X X oTC X
D-14 iTC X X X oTC X
D-15 X iTC X X X oTS

D-16 iTS X X X oTC X

x Component is installed.

The cpnditions at the inlet and the outlet of the fan are calculated as shown in Clause 15|according to
the cqmponents used.

12 Mleasurements

12.1|Calibration

All ingtrumentation shall be calibrated on dn-annual basis with certificates traceable to International
Standards.

12.2 |Dimensions and cross-sectional areas

12.2.1 Tolerance on dimensions

Specified airway comporent diameters shall be measured after manufacture and shall canform to the
requifements of the tést method within a tolerance of +1 %, except where otherwise statef.

12.2.2 Cross-sectional area

Suffidient dimensional measurements shall be taken across the reference planes of airwaysto determine
crossisectional areas within £0,5 % in standardized airways and other well-defined regular sections.

12.2.2.1 Circular sections

For circular sections, the mean diameter of the section is taken as being equal to the arithmetic mean
of the measured values on at least three diameters of the measuring section. The diameters shall be so
positioned that they are at equal angles within the cross-section. If the difference in linear measurement
between two adjacent diameters is more than 1 %, the number of measured diameters shall be doubled.
The area of the circular section is as given in Formula (18):

Tt-D2

2 (18)

where
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D isthe arithmetic mean of the measured diameters.

12.2.2.2 Rectangular sections

The width and height of a rectangular section shall be measured along five equidistant lines parallel to
the width and height. If the difference between two adjacent widths or heights is more than 2 %, then
the number of measurements in that direction shall be doubled. The average width of the section shall
be taken as the arithmetic mean of all the widths measured, and the average height of the section shall
be taken as the arithmetic mean of all the heights measured. The area of the rectangular section is

given in Formula (19):
b-h (19)

where

b s th[ average width;

h  isthe average height.

12.3 Rotatjonal speed
The fan shaff speed shall be measured for each test point, with an uncertainty not exceeding +0,5(%.
No device usgd shall significantly affect the rotational speed of thefan under test or its performance.

Instruments| shall have an uncertainty of not more than 0,5 % (i.e. accuracy class index of {,5 in
accordance with IEC 60051-4).

12.4 Power input

12.4.1 Geng¢ral
The power ihput to the fan over the specified performance range shall be determined by a me¢thod,

including th¢ averaging of a sufficient.number of readings at each test point, which achieves a fesult
with an uncdrtainty not exceeding +2-%.

12.4.2 Motor input power

12.4.2.1 Geperal

When the pqwer t6-be determined is the input to motor, IEC 60034-2-1 and the following pringiples
shall be appljed:

The equipmemntused for measuring voltage, curremnt and etectrical power statt-beof tlassimdex 0,5
in accordance with IEC 60051-2 and IEC 60051-3 to which calibration corrections are applied or,
alternatively, of class index 0,2 for which calibration corrections are unnecessary.

12.4.2.2 Motor directly fed by the grid

The electrical power input to the motor during the fan tests shall be measured by one of the following
methods:

— for ac motors, by the two-wattmeter method or by an integrating wattmeter;

— for direct current (dc) motors, by measurement of the input voltage and current.
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12.4.2.3 Motor fed from a variable frequency speed device

Useful information is provided in Annex F for motors fed from a variable frequency device.

12.4.3 Fan shaft power

12.4.3.1 General

When the power to be determined is the input to the fan shaft, one of the following methods shall be

applied.

12.4.3.2 Reaction dynamometer

The t

certiffed accuracies of +0,2 %. The length of the torque arm shall be determined to‘an-accurs

The z
withi

ero-torque equilibrium (tare) shall be checked before and after each tést-"The differ
h 0,5 % of the maximum value measured during the test.

12.4.83.3 Torsion meter

The tprque is measured by means of a torsion meter having aniingertainty no greater thar
torqule to be measured. For the calibration, the weights shall*have certified accuracies of
length of the torque arm shall be determined to an accuracyyof +0,2 %.

The Zero-torque equilibrium (tare) and the span of thé“readout system shall be checke
after |each test. In each case, the difference shall be within 0,5 % of the maximum val
durinjg the test.

12.4.3.4 Determination by electrical measurement

12.4.8.4.1 Summation of losses

The power output of an electric.iotor for direct drive is deduced from its electrical powet
sumnpation of losses method-spécified in IEC 60034-2-1. For this purpose, measuremen
currept, speed and, in the-case of alternating current (ac) motors, power input and slip
motors shall be made forieach test point, and the no-load losses of the motor when uncouy
fan shall be measured:

12.4.8.4.2 Calibrated motor

brque is measured by means of a cradle or torque-table type dynamometer. The,weights shall have

iIcy of £0,2 %.

ence shall be

1 2,0 % of the
10,2 %. The

1 before and
le measured

input by the
ts of voltage,
of induction
led from the

The power_output of an electric motor for direct drive is determined from the motor inpiit power and

a motpor efficiency calibration, carried out before the fan test using any one of the methods

listed in the

precelding clauses.

The efficiency of the motor in the relevant power range has to be determined.

The voltage and frequency of the motor supply may differ, during the test, from the motor nameplate
data, but the available motor calibration record shall apply to the actual supply conditions, during the

test, within the following tolerance:
— voltage: £2 %;
— frequency: £1 %.

The efficiency of a motor is sensitive to the temperature of the motor bearings and windin

gs.

As anormal procedure, the motor shall be run on charge for a time sufficient to ensure that it is running
at its stable working temperature. This shall be achieved when either the motor temperature rise, as
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measured in accordance with IEC 60034-1:2010, Clause 8, does not increase by more than 2 Kin 10 min,
or when the power input to the motor does not increase by more than 1 % in 10 min.

With motors having a nominal power equal to or larger than 7,5 kW, the time required to actually
achieve a stable winding temperature may be impractically long. In this case, the fan test can be carried
out when the bearings only shall be thermally stable, and this shall be deemed to be achieved when
the motor power input shall not increase by more than 2 % in 10 min. When the test shall be carried
out under these conditions, the motor efficiency calibration shall also be carried out under the same
temperature conditions, and the use of this procedure shall be noted in the fan test report.

If a variable speed device is used, the motor calibration shall be carried out including the variable speed

device; alterpatively, a calibration record of the efficiency characteristics of the variable speed device
shall be used or the real power at the output of the variable speed device has to be measured With a
calibrated pgwer analyser, suitable for such a measurement.

12.4.4 Impeller power

To determing¢ the power input to the fan impeller hub, it is necessary, unless the-impeller is mounted
directly on the motor shaft, to deduct from the fan shaft power an allowance for-bearing losses and for
the losses in fany flexible coupling. This may be determined by running a furthertest at the same gpeed
with the impeller removed from the shaft and measuring the torque losses)due to bearing frictjon. If
considered rlecessary, the fan impeller may be substituted by an equivalent mass (having negligible
aerodynamig loss) to provide similar bearing loadings.

In the absenge of the above, the method specified in Annex E shall:be used.

12.4.5 Tramnsmission systems

For tests withh standardized airways, the interposition\of a transmission system between the fan and
the point of power measurement shall be avoided undess it is of a type in which the transmission losses
under the specified working conditions can begeliably determined, or the specified power input is
required to ipclude those losses.

In the absenge of the above, the method specified in Annex E shall be used.

12.5 Mass flow rate

The method$ of flow measuremerit referred to in this document lead to a determination of the|mass
flow rate qm

The mass flow rate will be constant along the test setup, if requirements in 6.10 are respected.

Any flow rate measurément obtained in accordance with ISO 5167-1 or ISO 3966 conforms to the
requirementg of this’document.

This documdnt-specifies in Annex A some he dte for

fan-testing p

urposes and in each case, the associated uncertainty of measurement is given.

Any other flow metering method shall be accepted for the purposes of this document, if the uncertainties
of the measurement are documented by calibrating the installation against an improved or calibrated
standard device in accordance with an [SO Standard, which regulates the flow rate measurement and if
the uncertainties are within the range of uncertainties of this document.
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12.6 Temperature

12.6.1 General

In order to measure the mean temperature, one or several probes shall be put in the appropriate section,
located on a vertical diameter at different altitudes situated symmetrically from the diameter centre.
Probes shall be shielded against radiation from heated surfaces.

If it is not possible to meet these requirements, probes can be placed inside an airway on a horizontal
diameter, at least 100 mm or 0,33 D from the wall, whichever is less.

12.6.F Accuracy of temperature measurement

Instriiments for the measurement of temperature shall have an accuracy of +1 °C after thie application
of any calibration correction.

Wher] a probe is put inside an airway to take temperature measurements, the_measurement accuracy
is a fynction of the air velocity.

The npeasured temperature indicated by the probe 0i,q, which is neither'the stagnation termperature Osg
nor the air temperature 6, is a value lying between them, usually slightly closer to the stagnation value.

If thereference velocity (see Clause 13) is less than 65 m/s, in this.document ,the measured|temperature
is asspmed equal to both stagnation and air temperatures.

12.6.83 Correction for high velocities

A distinction between the stagnation and the stati¢values of temperature shall be made for reference
veloclties > 65 m/s (May=0,2) (see Clause 13 and Figure 31).

Considering a recovery factor fy it is possibleto calculate 6sgx and 6x from the indicated value Ojng:

If px if known, approximating 6y, as given in Formula (20):

0.
6 = = ind 3 (20)
K- R
x’Dx K
and
1
e;gx:0x+ﬁ'(0ind_ex)

If psgy is known, approximating Masgy, as given in Formula (21):

/ N2

R
Maggxzt dm J YL Bind (21)

Ay "Psgx K

and Formula (22):

Ma2 =

X
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k-1 2
Oy =06ing | 1-fo - —— May (22)
and
1
6 sgxzex +_'(9ind _OX)
fo
In the absence of any more specific values for fp, the following may be used (values from ISO 5389):
a) thermometers and thermocouples in wells: 0,65;
b) bare thefmocouples: 0,80;
c) bare thermocouples with insulation shields: 0,97.
12.7 Humidity
Relative hunjidity may be measured directly provided the apparatus used has@iraccuracy of +2|%RH
or determingd by measuring dry and wet bulb temperatures.
The dry bulb and wet bulb temperatures in the test space shall be measured at a point wherg¢ they
can record the condition of the air entering the test airway. The instruments shall be shielded against
radiation from heated surfaces.
The wet bulf thermometer shall be located in an air stream of velocity at least 3 m/s. The sleeving shall
be clean, in good contact with the bulb, and kept wetted withiwater.
12.8 Pressyire
12.8.1 Bargmeters
The atmospHeric pressure in the test space shall be determined with an accuracy not exceeding +0,2 %.
Barometers ¢f the direct-reading mercury\column type shall be read to the nearest 100 Pa (1 mbar] or to
the nearest ] mmHg. They shall be calibhated and corrections applied to the readings for any diffgrence
in mercury density from standard, any change in length of the graduated scale due to temperatuie and
for the local yalue of g.
Correction npay be unnecessary if the scale is present for the regional value of g (within £0,01 m/s2)
and for roon] temperature,(within +5 °C).
Barometers pf the anénoid or pressure transducer type may be used provided they have a califjrated
accuracy of #200 Pazand the calibration is checked at the time of test.
The barometler:shall be located in the test space at an altitude within 2 m of the mean altitude befween
the centre of*tefamintetandoutletsections—Acorrectionshalt beaddedforany-difference-imaltitude
exceeding 10 m,
Pa-9-(2o—2m) (23)
where
zp is the altitude at barometer reservoir or at barometer transducer;
Zm is the mean altitude between fan inlet and fan outlet;
g isthelocal value of the acceleration due to gravity;

Ia

48

is the ambient air density.
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12.8.2 Manometers

Manometers for the measurement of pressure difference shall have an uncertainty under conditions
of steady pressure, and after applying any calibration corrections (including that for any temperature
difference from calibration temperature and for g value), not exceeding +1 % of the significant pressure

or1,5

Pa, whichever is greater.

The significant pressure shall be taken as the fan stagnation pressure at rated duty or the pressure
difference when measuring rated volume flow according to the manometer function. Rated duty will
normally be near the point of best efficiency on the fan characteristic curve.

Calibration shall be carried out at a series of steady pressures, in both rising and falling sequences to

check

Ther
an ac

for any difference.

bference instrument shall be a precision manometer or micro manometer capable of
furacy of 0,25 % or 0,5 Pa, whichever is greater.

.3 Damping of manometers

fluctuations of manometer readings shall be limited by damping\so’that it is possibl
erage reading within +1 % of the significant pressure. The damping may be in the air

series

12.8.

ing to the manometer or in the liquid circuit of the instrument.At shall be linear, and of

ed and set to zero, if necessary. The zero reading of all manometers shall be check
of readings without disturbingthe instrument to ensure valid measurement.

b Position of manometers

The alltitude of zero level pf\manometers or of pressure transducers shall be the mean a

sectid

n for pressure medsyrement (see Figure 29).

being read to

e to estimate
connections
a type which
heavy that it
lings shall be

kion near the
d rechecked
ters shall be
bd after each

titude of the
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Figure 29 — Trapping connections to obtain average static pressure and altitude of manon

12.8.6 Average pressure in an airway

At each of t

ne sections for pressure measurement in\the standardized airways, the average

pressure shall be taken to be the average of the static pressures atleast at four wall tappings constr
in accordance with 12.8.7.

12.8.7 Cong

Each tapping
limits shown
that the hole
the airway, {
maximum of]

The bore dia

Special care

heter

static
ucted

truction of tappings

0,1-a is permigsible.

takes the form of a hole through the wall of the airway conforming to the dimengional
in Figure 30. The axis of each tap shall intersect the duct axis at right angles. It is essfential
be carefully producded 5o that the bore is normal to and flush with the inside surfpce of
ind that all internalprotrusions are removed. Rounding of the edge of the hole up to a

meter, a, shall be not less than 1,5 mm, not greater than 5 mm and not greater than 0

is required when the velocity in the airway is comparable with that at the fan inlg

outlet. In thdse €ases, the tapping shall be situated in a section of the airway that is free from joi

other irregu

1D.

t and
nts or

arities for a distance of D upstream and D/2 downstream, D being the airway diame

ter. In

very large airways, 1t may not be practicable to meet this condition. In such cases, the Pitot-static tube
method described in 12.8.11 may be used.
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Figure 30 — Construction of wall pressure tappings

12.8.8 Position and connections

In thq case of a cylindrical airway, the four tappings shall be.equally spaced around the circumference.
In th¢ case of a rectangular airway, they shall be at the'centres of the four sides. Mgre than four
tappihgs are permissible, if they are symmetrically positiohed in the section. The similar fappings may
be copnected to a single manometer. The lengths of the tapping connections to the manomnjeter for each
hole ghall be equal. They shall be connected as showh in Figure 29.

12.8.9 Methods of measurement

A differential manometer complying with the specifications of 12.8.2 shall be used with one side
conngcted either to wall tappings or(to*the pressure connections of a set of Pitot-static|tubes in the
plane|of pressure measurement.

To determine the average stati¢.pressure in this plane, the other side of the manometer shall be open to
the afmospheric pressure in the test space.

To defermine the pressure’difference between planes of pressure measurement on opposite sides of the
fan, efther or both sides’of the manometer may be connected between sets of four tapping connections
arranged as reconimended in Figure 29.

12.8.10Checksfor compliance

Care shall\be taken to ensure that all tubmg and connectlons are free from blockage and|leakage, and
our side tappings
shall be 1nd1v1dually measured ata flow rate approachmg the maximum of the series. If any one of the
four readings lies outside a range equal to 5 % for pex < 1 000 Pa or 2 % for 1 000 Pa < pey, pex being the
mean gauge pressure, the tappings and manometer connections shall be examined for defects. If none
are found, eight equally spaced pressure tappings shall be used.

NOTE “Mean gauge pressure” here denotes the pressure across the nozzle or orifice at rated flow in the case
of flow measurement, or the rated fan pressure in the case of pressure measurement.

12.8.11Use of Pitot-static tube

At the appropriate pressure measurement plane in a circular airway, a minimum of four points shall
be selected, equally and symmetrically spaced around the axis at approximately 0,125D from the wall
or, in the case of a rectangular airway, 0,125 times the duct width from the centre of each wall. Under
steady flow conditions, a static pressure reading shall be taken at each point and the average calculated.
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Alternatively, if desired, the static pressure connections of the Pitot-static tubes may be connected
together to give a single average reading in the manner described in 12.8.6 and Figure 29.

12.9 Air properties

12.9.1 General

Properties of dry air are as follows:

xKk=1,4

R=Ry, £287]-kg™ K"
¢p=1004,5 J-kg-1-K-1
cv=7175 J-’kg-1-K-1

12.9.2 Density of air at section x

The average density of the air in an airway section x may be obtained\by Formula (24):

— b 24
Px Rl 6. (24)

The gas congtant of humid air, Ryet, is given by Formula (25):
R

Ryyet =— > (25)
10,378 -~
Pa
R:Rdry
with
R.—R
0,378=41—

Ry =461,5 J-kg-1.K-1 being the gas constant of water vapour.

The air relatfve humidity, hre], can be directly measured in order to obtain

pv :hrel P

4-/’7" \
S&t{Tary )

where

p Sat'(Tdry) is the saturation vapour pressure at the dry bulb temperature Tqry.
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Dsat shall be calculated by Formula (26) between 0 °C and 100 °C:

p =610,8+44,442- Ty, +1,4133-T5,, +0,02768- T4, +

sat~(Tdry ) (26)

2,55667-107* T, +2,89166-107° - T,

The air humidity can be also determined by means of a psychrometer at the fan inlet. This is shown in
Annex H.

12.9.3 Air viscosity

Form i i te-vi i f a section, in
Pascal seconds:

ty =(17,1+0,048-T, )-107° (27)

12.9.4 Standard air

For r¢ference in this document, a reference air is defined in Table 10.

Table 10 — Air propertiés

Reference conditions Properties of ‘standard air in ISO 5801”
6 =293,15K k=14 p =1,200 kg:m-3
P=101325Pa cp=1008:kg-1-K-1 u=18,06-10-6 Pats
hrel =0,40 cy = 720 J-kg-1.K-1 c=343,8m-s-1
Ryet= 288 J-kg-1.K-1

NOTE This is not the “standard atmosphere” defined in ISO 2533.

13 Reference conditions

Wher] carrying out low-pressuye or medium-pressure fan tests using standardized airways, it can be
assumed that the air velogity is sufficiently low and its influence on temperature may e neglected.
But the change of the density with static pressure and temperature shall be taken into account for fan
pressure greater than2)000 Pa.

For high-pressurefan tests, a distinction shall be made between the stagnation and the static values of
tempe¢rature, pressure and density.

In ordler toobtain a rapid evaluation of the limit above which compressibility phenomepa due to air
veloc]tyshall be taken into account, the reference velocity, vy ref, is defined as Formula (28]):

Am,max
Voo = — (28)
Zref Pref 'AZ

The air reference conditions are those of standard air (12.9.4), the reference section is the outlet of the
fan and the reference mass flow rate is the maximum mass flow rate of the fan.

The reference velocity limit above which a distinction between the stagnation and the static values of
temperature, pressure and density shall be made is regarded as equal to 65 m/s. This value corresponds

Specific instructions for the calculation of temperatures, pressures and densities at the fan inlet and
the fan outlet (indices 1 and 2) from measurements at measuring sections (indices 3 and 4) are given in
Clause 15 depending on the test configuration used.
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This document details methods of testing fans using standardized airways. Due to geometrical
complexity a number of duct variations are required. Examples of these are given in Figure 13 to 25.
Details of test configuration are also given in Table 1 to 4.

An example of a test configuration is given in Figure N.2. An example of the presentation of test results
is given in Figure N.1.

14 General rules for conversion of test results

14.1 General

The test reslllts can only be compared directly with the guaranteed values if, during the accep

tests, the me

In most test
and/or drivi
converted to

During a labgratory test, the air density and rotational speed may vary slightly\from one determir

point to ano
or both.

If the nomin|
speed, N, is

incompressible and the conversion rules can be used as detailed,in 15.3.

Conversion t

For very larg
impracticabl

Scaling test 1
ranges, incly|

The conversipon of test results to anothefsfan size is given in ISO 13348.

14.2 Laws

14.2.1 Geng

Two fans wh
of similarity
and of the flg

asurements of the performance of the fan are taken under the conditions specified:

5 completed on fans, it is not possible to exactly reproduce and maintajn the ope
g conditions on the test airway as specified in the operating conditions-Only the r
these operating conditions may be compared with the specified values.

her. It may be desirable to convert all test points to a nominahdensity, a constant

al air density, pc, is within 10 % of the fan air density,pTe, and the constant rota
within 5 % of the actual rotational speed, Nte, then\the air can be treated as if it]

b other air densities or rotational speeds is given'in ISO 13348.

ve fans, model tests may be conducted in'standardized airways when a full-scale f{
e owing to the limitations on power supply or dimensions of standardized test airwa

esults to other sizes may also be nécessary in the development of the ratings of extg
ding many different similar sizes, from a limited number of tests.

bn fan similarity

pral

of the pérformance characteristics will depend on the degree of similarity of both th
ws through the fans.

tance

rating
bsults

ation
speed

tional
were

est is
yS.

nsive

ch have similar flow conditions will have similar performance characteristics. The degree

e fans

14.2.2 Geometrical cimil:n'ify

Two different fans are geometrically similar when all the corresponding angles are the same in the two
fans, and when all the ratios between corresponding dimensions, in the two fans, are also the same.

Complete geometrical similarity requires that equal dimensional ratios are achieved also for thickness
values, clearances and roughness, exactly as the other linear dimensions for the flow passages.
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14.2.3 Reynolds number similarity

Reynolds number similarity is necessary in order to keep relative thicknesses of boundary layer,
velocity profiles and friction losses equal, as given in Formula (29):

u-D._ -
=L P1 (29)
Hq

Re

When the peripheral Reynolds number increases, the friction loss coefficients decrease.

Therefore, efficiency and possibly performance may increase, compared to what is predicted according
to the_conversion rules provided in 15.3. Conversion rules for these Re-effects are not defined in this

docuthent. They are discussed in ISO 13348.

14.2.4 Mach number and similarity of the velocity triangles

For peripheral Mach numbers Ma, higher than 0,15, important differences mayarise if Mq, is not kept
equal|for test and specified conditions.

For fdns, the peripheral Mach number is given by Formula (30):
Ma,=——= (30)
K'Rwet '91
Wher] this Mach number increases, the peripheral Reynolds humber increases, as does the fan pressure.

Wher] the fan pressure increases, the mean density.6f the fan increases, while the ratip of the inlet
density to the mean density of the fan decrease. Thé velocity triangle similarity is no longer respected
and Igsses increase.

This |s why, when Ma, increases, fan performance and efficiency first improve and then tend to
deterjorate.

This pffect depends on fan type, impeller design and the position of the operating point on the
charaicteristic curve of the fan.

The ratio of the inlet density to the mean density of the fan can be used to represenf the density
variation through the fan andto characterize the deviation of the fan performance, comppred to what
is predicted according ta’tiie conversion rules which are provided in 15.3.

15 dalculations

15.1|Testresults

15.1.1General

The measurements for flow rate are described in Annex A. Further measurements to predict the fan
performance are carried out at positions 3 and 4 of the airways and are used to determine the data at
positions 1 and 2, the fan inlet and the fan outlet.

For velocities v ref < 65 m/s, simplified calculations in 15.1.5 may be used.
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15.1.2 Temperature

For high velocities, a distinction between the stagnation and static values of temperature, 0sgx and 6y,
shall be made. Usually, an expression with the Mach number at a section, May or Masgy, is used, as given

in Formula (31) (see Figure 31):

0 _
esg" :1+"71~Ma§: . 11 (31)
- 2
X 1—T~Masgx
with
Ma :1_: qm = qm \/RWet .9
X X
¢ Ay Py K- Ryer -0y Ay Px K
and
1% . 2 1%
Mag,, = ﬂ—x with c5gy =K Ryyeq -Osgy xMaggy = . X
- SgX sgx
at stagnatior] conditions.
Ma?
Ma? = SeX (32)
K—1 2
1 —T-Masgx

The temperafure, Osgy and/or 6y, shall be measured in accordarice with 12.6.

If no measur

The behavio
adiabatic, be

ement is possible, the stagnation temperatuge 6sgx shall be calculated.

cause of the absence of heat transfér. Also, there is no exchange of mechanical el

ir of air in the test airways, for the prdvisions of this document, is considered as almost

hergy,

except in theltest fan and the auxiliary fan.

Consequently, the stagnation temperature.fsgy, in the test airways, shall be considered constant, gxcept

across the fap under test and the auxiliary fan.

The temperafure at the fan inlet fsp1.1S equal to 6sg3, as shown in Formula (33).

ngl =0, 53

The temperafure 0sg3 isigo-calculate with

P orP

Ir-aux e-aux

9583 :93 +
dm 'Cp

(33)

If no auxiliary fan is used upstream of the upstream measuring section 3 of the fan under test, set

P,

r-aux —

P

eaux —

0.

In the above formula, for 843 - Pr. 5y shall be replaced by the electric input power Pe.aux when the motor

is wholly immersed in the airstream.
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The temperatures at the fan outlet, 6sg2, and in the downstream airways, 6sgs4, are equal to the
temperature at the fan inlet 6sg1, increased by the temperature rise through the fan which is dependent
upon the impeller power, as shown in Formula (34):

P.orP,
Am 'Cp

In Formula (34), for 8sga, Pr shall be replaced by the electric input power P, when the motor is wholly
immersed in the airstream.

95g4 :9g2 =95g1 + (34)

0 sgx/e X
J[Mx
k=1,4 R ,=288]/(kgK)
1,07
1,06 /
Fux
1,05 L
/I
1,04 7
/
/
1,03 v,
/
//
1,02 A
/
)%
1‘01 0 sgx/e X
7
//
=i
0 0,1 0,2 0,3 0,4 0,5 Ma
Figure 31 — Changes in fyx and 6sgx/6x as functions of May
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15.1.3 Pressure

The mean stagnation pressure, psgy, in any duct or chamber section x is given by Formula (35):

psgx _
Px

|

0

sgx

K

P

0

X

or Formula (36):

Psgx =Px

*+Dax 'fo

The Mach faq

Ps

tor, fux, (see Figure 31) is given for k = 1,4 as a function of May by Formula (37):
2 3

2 2 2
(Max) (Max) (Max)

o Px =1+

fo -
The stagnati
Psgn =Dy

with

15.1.4 Set

15.1.4.1 Ge

After the ma
geometries (|
3and 4 are u
fan outlet.

Two differenit sets of-formulae can be evaluated, depending if the available pressure at the positi

+
Pax 4 40 1600

bn pressure at reference section n is given by Formula (38):

gx +DPax ‘fo '(én—x)x

energy loss coefficient between section n and.se¢tion x calculated for section x;

>0 for an outlet test duct n =2 and x = 4;

<0 for an inlettestductn=1and x=3.

f formulae

neral

ss flow gm (12.5 and\Ahnex A), the temperatures sgy and/or 0y (12.6 and 15.1.2) ay
12.2) are determihed conform to this document. The pressure measurements at pos

(35)

(36)

(37)

(38)

1d the
itions

sed to determine-all needed data (p, p, pd, psg, --) at positions 1 and 2, the fan inlet and the

pns 1,

2,3 and 4 is py or pspx (“set a” at known py and “set b” at known pggy), which shall be used as indjcated
in Table 11.
Table 11 — Alliances between components and sets of formulae
Component Position x Pre_ssure Formulae
available
Test Space at inlet side iTS 3 (free test space) Dx seta
Test Space at inlet side iTS 1 Psgx setb
Duct Simulation at inlet side iDS 3 (free test space) Dx seta
Duct Simulation at inlet side iDS 1 Psgx setb
Test Chamber at inlet side iTC 3 Px OT Psgx setaorsetb
Test Chamber at inlet side iTC 1 Psgx setb
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Table 11 (continued)
Common Segment at inlet side iCS 3 Px OT Psgx setaorsetb
Common Segment at inlet side iCS 1 Psgx setb
Long Duct at inlet side iLD 3 Px OT Psgx setaorsetb
Long Duct at inlet side iLD 1 Psgx setb
Test Space at outlet side oTS 4 (free test space) Px seta
Test Space at outlet side oTS 2 Dx seta
Duct Simulation at outlet side oDS 4 (free test space) Dx seta
Duct pimulation at outlet side oDS 2 Px seta
Test (hamber at outlet side oTC 4 Px seta
Test Chamber at outlet side oTC 2 Px seta
Comrhon Segment at outlet side oCS 4 DPx O pSgy setlaorsetb
Comrhon Segment at outlet side oCS 2 Psgx setb
Long[Duct at outlet side oLD 4 PX)OT Psgx setlaorsetb
Long[Duct at outlet side oLD 2 Psgx setb

15.1.4.2 Formula set a

If py i$ known, and if 8y is not determined to conform to 12:6;use Formula (39):

2
1+ 1+4.(K;1)'( Am )'Rwet'e

A, - Kk 8
ol = P (39)
2.(’(_1). Am _Rwet
2 Ay -qy K
with
2
Ma)z( — Am Rwet 'ex
Ay Dy K
and
2 2\ 2)\3
(Max] (2-x)-(Ma})" (2-x)-(3-2x):(Ma})
fx =1+ A + 4 + 197 +...
Pl 2_Px_ ang Dy =£'Maf Dy and Pogy =Dy + fop Dy,
Rwet'ex 2

15.1.4.3 Formula setb

If psgx is known,

Psgx
0

wet "Ysgx

psgx:R
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Vy (AX

017(E)

dm
'psgx)

and approximating vy by iteration

End of iterat

'px)

on, if changing of vy is negligible.

2
o] s
K_
1_T'Masgx2]
2 3
Ma 2 (2-x)(Ma?)" (2-x)-(3-2x)(Ma,?)
fox =14 ——+ + +
4 24 192
1 (qn)
- | dm
Pax =2, [Ax]
Px = Psgy — fmx Pax

15.1.5 Simplified sets of formulae, which can be used for v ref < 65m/s

As for referd

exceed 1,008
can be used.

esgx

nce air veloeities vy ref not greater than 65 m/s, the temperature ratio dog

X

and theMach factor fj;x does not exceed 1,010 (see Figures 32 and 33), simplified for

To get a clea

characterization of the simplified formulation in these cases, the total pressure p

tS not

mulae

totx 1S

used instead

Of tiTe STagImation PressSure Psgx.

0x and Osgy are treated as equal (6x = Osgx), May and Masgy are not used and fuy is set to 1.

The total pressure at reference section n is given by Formula (40):

Ptotn =Ptotx T Pdx '(én—x )x

The allocations in Table 11 apply.
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15.1.5.1 Simplified formula set a

If px is known use Formula (41):

and

and

=

15.1.

If prod

and

and

=

15.1.

The f:
stagn

=

or

totx —Px T Pdx

6.2 Simplified formula set b

is known, use Formula (42):

k = Ptotx —Pdx

b Fan pressure

n pressure, pgris-the difference between the stagnation pressure at the outlet of th
ation pressufe-at the inlet of the fan, as given in Formula (43):

f = Psg2Psg1

(41)

(42)

b fan and the

(43)

p

f =Ptot2 —Pior1 (@llowed if v2 ref < 65 m/s)
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15.1.7 Fan static pressure

The fan static pressure pgs is the difference between the static pressure at the outlet of the fan and the
stagnation pressure at the inlet of the fan.

Pgs =Pz —

Psg1 =Pt —Pra - fm2

with Formula (44):

Pfa =Pq2

or

Pgs =P2 1

15.1.8 Volume flow rate of the fan

The methods

the absence ¢f leakage, g, is constant throughout the airway system.

The volume f

Dn
dvi=—T
P1
It is also possible to express the volume flow rate under inlet stagnation conditions by Formula (4
i
Qysg1 = -
sgl

15.1.9 Fan air power and efficiency

15.1.9.1 Ge
The fan air p

Py=qp-

There are th
the first

the two

Piot1 =Pt —Prq (allowed if v ref < 65 m/s)

of flow measurement in this document lead to a determination of.the mass flow rate

low rate of the fan can be expressed as Formula (45):

nheral

pwer can be written as Formula (47):

Ve =dy,, Pt Kp

ree methods-to calculate the air power:

(15.1.9:2) derived from the concept of fan work per unit mass;

others (15.1.9.3 and 15.1.9.4) based on the concept of volume flow rate and fan pre¢

(44)

Om- [n

(45)

6):

(46)

(47)

ssure

withac

TTECHioI factorkp, to take fmto accournt tie inftuernce of aircompressibitity:

These three methods give the same results within a few parts per thousand for a pressure ratio

equal to 1,3.

If fan impeller power, Py, is not measured and cannot be determined from known component efficiencies
such as a calibrated motor, the method in 15.1.9.2 shall be used.
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15.1.9.2 Calculation of fan air power from fan work per unit mass (first method)
Py =qp - ys

with

where

(48)

_P1tp;
2

m

For the simplified calculation for v, ref < 65 m/s, Mach factors fy1 and fy2 are setequal to

For pg <2 000 Pa, p2 can be set equal to p1 and so py, = p1.

15.1.9.3 Calculation of fan air power from volume flow rate and fan‘pressure (secong

Pi=ay,, pi-kp

with

_ Z -logqg [r]
i log, [1+Zk ~(r—1)]

for

psgl

1+
psgl

and

| method)
(49)
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15.1.9.4 Calculation of fan air power from volume flow rate and fan pressure (third method))

Pu:qV

o Pf ke

In(]+x) Z,

ke = X .ln(1+Zp)

for

Figure 32 — Compressibility coefficient kp with r and Z

(50)
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Figure 33 — Compressibility coefficient kp with x and Z,,

Efficiencies

L General

0,06

0,09 z

P

arious efficiencies are calculated from Py and the various types of power supplied tofthe fan, i.e.

mpeller power, Py;

haft.power, Py, (includes bearing losses, while impeller power, Py, does not);

— nhoter output power, Pg;

— motor input power, Pg;

— drive control electrical input power, Peg.
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P
ne=P—“

e

Pu
Med =5
¢ Ped

15.2.2 Fan static air power and static efficiency

The fan static air power can be written as Formula (56):

P

us ~ 4

with

Vs =]

where

P

kp correspon

For the simp

For pr <2 000 Pa, p2 can be set equal to p1 and so py = p{<

The various

15.3 Convdrsion rules

15.3.1 Geng

Under the re
pc is within
actual rotati
rules accord

dvic _

+ 0>
2

ds to the definition in 15.1.9.3 or 15.1.9.4.

ified calculation for v, ref < 65 m/s, Mach factorsyfy1 and fy; are set equal to 1.

efficiencies are calculated from Py in the’same way as in 15.2.

bral

strictions provided in-14:2 the laws of fan similarity are valid and if the nominal air d¢
10% of the fan ain‘density pte and the constant rotational speed N is within 5%
bnal speed Ne, then the air can be treated as if it were incompressible and the convg

ng to Formulai(57) can be used:

N¢ Dy

dy1Te

3
Ny }D

e rTe

(54)

(55)

(56)

bnsity
bf the
brsion

\2 2/

AL D

Ptc

Ve YrC Pic |_ _PfsC

PfTe

|

P

rC _

NTe

AY
J DrTe P1Te J PfsTe

3

|

N¢ Dy Pic

P rTe

N

5
DrTe [plTe ]

e

(57)

In case of compressible fluids these formula can only be used for the volume flow and the power, for the

conversion o

f the fan pressure, however, the polytropic approach of Annex ] shall be used.

Further scaling or upgrading procedures are given in [SO 13348.

15.3.2 Shaft power and impeller power

The measured and specified input powers will usually be the fan shaft power P,1e and Pyc.

66

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=3a63837197ce184f3793be1fb9d948cb

ISO 5801:2017(E)

It may be necessary to estimate the bearing losses Ppte at NTe and Ppc at N¢ and to use the relations

given

in Formula (58):

Pire =Pare = Ppre

and

Pa

c=Prc+Puc

in order to carry out the conversion specified above.

(58)

Howe

)2

will n

N

B _ P

ver, the error incurred by assuming Formula (59):

rTe PaTe
ot exceed the following, as a percentage, Formula (60):

00-(N¢ —Nre ) Pyre

which

16 K

16.1

Nte 'PaTe

is often negligible.

an characteristic curves

Methods of plotting

The actual test results or the results after conyersion shall be plotted as a series of test p

inlet Y
any d

Ther
are cl

For fa
shall

16.2

Fan d
const|
be 1,7

rolume flow. Smooth curves shall be drawn through these points, with broken-line seq
scontinuities where stable results-are not obtainable.

bsults of conversion may be uséd, provided those changes which are outside the cony
arly indicated on the plottéd curves.

ns for which the design'fan pressure is greater than 2 000 Pa, indications of the fan
pe plotted using the-ratio p1/pm for v ref < 65 m/s or the ratio psg1/psgm for vz ref > 61

Characterisfic curves at constant speed

haractegistic curves at constant rotational speed are obtained from results co
hnt statedrotational speed and to a constant stated density which shall, unless other
kg/m3, and to a stated absolute inlet pressure.

(59)

(60)

pints against
tions joining

ersion limits

utlet density
m/s.

hverted to a
wise agreed,

The f nuvracscura ne andtha faon ctatic mraccnirg ne ar aithar ong Afthaom tagathar wiath th
C SO ct T—vvrItr

T PTreooar o ot chatToir otatic Prooout O P[5y Of ottt TC-Or—TtIrrerrtto e oI

fan dynamic

pressure pqz shall be plotted against the inlet volume flow rate qy1 for vz ref < 65 m/s or qysgy for
Vo ref > 65 m/s. The fan impeller efficiency, ny, and/or the fan impeller static efficiency, 1y, or their shaft
power equivalents may also be plotted. An example for v, ref < 65 m/s is given in Figure 34.
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Key
qv1 faninlety

pf

prs fan static

1 workingt
Figure

pf'pfs Pa NerM s
1400 : :
n=481/s
Py p,=12kg/m’
1200 /< \
\pfs
1000 \\ —1 10
/
800 \ X\ 8 180
N / A /
e AN |
600 / X 6 60
P, V7 \\\
400 P \ 4 - 40
//
200 = 1 A 2 - 20
O Y
1 2 3 4 5 6 qyr

fan pressyire, in Pascal

ange

pressure, in Pascal

olume flow rate, in cubic metres per secondP,

Nr

fan shaft power, in kilowatts
fan impéller efficiency, as a percentage

nrs fanimpeller static efficiency, as a percentage

ref-S/65 m/s)

16.3 Characteristic curves at inherent speed

Characterist

driving means.

The driving
frequency f
characterist

permissible

B4 — Example of a set of complete; constant-speed, fan characteristic curves (v,

means shall bé operated under fixed and stated conditions, e.g. at the rated voltag

an electri¢dmotor. The rotational speed shall also be indicated on the fan perforr
c curve plotted against the inlet volume flow rate. Conversion to another air dens
withinsthé Reynolds number criteria given in 14.2.2 provided the rotational sp¢

c curves at inherent speed may be used if so desired for a unit consisting of the fan and its

e and
nance
ity is
ped is

corrected wi|th respect to motor input power by use of performance data on the driving means.

16.4 Complete fan characteristic curve

A complete fan characteristic curve extends from zero fan static pressure to zero inlet volume flow rate.

Only a part of this curve is normally used however, and it is recommended that the supplier shall state
the range of inlet volume flow rates for which the fan is suitable. The plotted fan characteristic curve
may then be limited to this normal operating range. Outside the normal operating range of inlet volume
flow rates, the uncertainty of measurement is liable to increase and unsatisfactory flow patterns may

develop atin
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16.5 Test for a specified duty

Tests for a specified duty shall comprise not less than three test points determining a short part of
the fan characteristic curve, including both the specified inlet volume flow rate and the specified fan
pressure or fan static pressure.

A system resistance line shall also be drawn, passing through the specified duty point, and such that
the pressure varies with the square of the inlet volume flow rate.

The actual operating point of the fan will be at the intersection of the fan characteristic curve and the
system resistance line.

[
1400
P, /
1200 —— 1
1000 AN

800 \<2

600 /

400 /

200 7

0 1 2 3 4 5 6 9v1

Key
qv1 fdn inlet volume flow rate, imcubic metres per second
pr  fdn pressure, in Pascal

pecified duty: 3,4 m3/s.at 1100 Pa

fgn pressure volume-characteristic curve

%]

system resistanee curve, pr < q2y1

Figure 35 — Example of test for a specified duty (v2.ref < 65 m/s)

16.6 Specific fan types

Roof mounted ventilators are a specialist fan application. Details of an appropriate test method are
given in Annex B.

For centrifugal fans which do not have a horizontal discharge and the fan characteristic shall be
determined by installation category B or D methods information on the method of test is given in
AnnexD.

Plenum and plug fans shall only be measured in installation category A configuration. Guidance on the
measurement method is given in Annex L.
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17 Uncertainty analysis

17.1 Principle

It is an accepted principle that all measurements have a margin of error. It is also clear that any results,
such as fan flow rate and fan pressure calculated from measured data, will also contain errors, due not
only to the errors in the data, but also to approximations or errors in the calculation procedure.

Accordingly, the quality of a measurement or a result is a function of the associated error. Uncertainty
analysis provides a means of quantifying the errors with various levels of coverage. The quality of any

fan test is best evaluated by performing an uncertainty analysis.

ISO 5168 in
fan testing,

In this docun

17.2 Pre-te

A pre-test ul
permit desig
the quality ¢
largest error

17.3 Analy,

Arigorous u
concerning t
perhaps as 1
dependent o

il

the following.

udes an excellent discussion of uncertainty analysis that can be applied to all asps
ot just air flow measurements. The concepts contained in ISO 5168 provide the baj

hent, 95 % confidence level is required.

st and post-test analysis

icertainty analysis is recommended to identify potential measurement problems 3
n of the most cost-effective test. A post-test uncertainty ahalysis is required to est
f the test. This analysis will also show which measuremeénts were associated wit
S.

5is procedure

he instruments, calibrations, calculations~and other factors. There are at least five
hany as 15) parameters that can be ¢onsidered the results of a fan test. Each res
h one or more measurements. Each jmeasurement can have five or more compone

cts of
is for

nd to
hblish
h the

\certainty analysis for a fan test requires significant effort, as well as detailed infornjation

(and
ult is
nts of

uncertainty. [All of these components shall beconsidered in an uncertainty analysis.

The procedufe outlined in ISO 5168 includes the following steps:

list all possible sources of error;
calculate or estimate, as appropriate, elementary errors for each source;

for each
by the ra

measurement/combine separately the element bias limits and the element precision indices
ot-sum-square (RSS) method;
for each cision
indices,

parameter, propagate separately measurement bias limits and measurement pre
pithertby using sensitivity factors or by regression;

calculat¢ the uncertainty for each parameter;

establish the uncertainty interval for each parameter.

NOTE In addition to measurement errors, there can be errors associated with extracting data from tables or
charts, or from using formulas.

17.4 Propagation of uncertainties

ISO 5168 explains how to combine the uncertainties due to calibration errors, data acquisition errors,
data reduction errors, errors of method and human errors into an uncertainty of a measurement. It also
details how to propagate various measurement and other uncertainties into an uncertainty of a result.
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It is important to maintain a separate accounting of precision indices and bias limits, even though they
may be combined in the ultimate calculation.

NOTE Also refer to Annex N.

17.5 Reporting uncertainties
The test report shall state the following for each parameter of interest:

a) the testvalue of the parameter, e.g. air volume flow rate;

EXAMPLE R=gy=5m3/s

OTE The best estimate of a parameter is the test value. This estimate can be improvetll by repeating
the test and using the average result.

b) the precision index and associated degrees of freedom, v;
EXAMPLE b=0,05m3/s v=5.

c) the bias limit;

EXAMPLE B=0,025m3/s.

d) the uncertainty based on a 95 % confidence level.

EKAMPLE U =+/B® +(tyss)” (U corresponds to Ugssin ISO 5168)

U:\/O,OZSZ +(2,57-0,05)% =0,131m>/s

then
U 0,131
u=—=——-—
R 5

17.6 |Maximum allowable uncertainties for measurements

This <llocument lists certain réquirements for measuring instruments. These include the accuracy and
legibility of the instrumentiitself and, in some cases, similar information about the workjing standard
which shall be used to_calibrate the instrument before and after the test. None of this| information
is given in terms of precision index and bias limit, nor is coverage stated. However, vglues may be
assumed to be forAmcertainty at the 95 % confidence level. The same assumption is usually justified
when|interpretingtechnical data supplied by an instrument manufacturer.

Table|12 containhs a summary of maximum allowable relative uncertainties for each of th¢ parameters
measfired, either directly or indirectly, during a fan test. The instrument (or combination of Jnstruments)
used fd-determine the parameter value should be sufficiently accurate so that when the yarious error
estimates are combined, the resulting uncertainty wiil ot exceed the value given in labie 13.
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Table 12 — Maximum allowable uncertainties of measurement of individual parameters

Parameter Symbol Relative uncertainty of Remarks
measurement
Atmospheric pressure Pa Upa= 0,2 % Corrected for temperature and altitude
Ambient temperature 6, uga= 0,2% Measured near fan inlet or inlet duct, or
in a chamber where the velocity is less
than 25 m/s
Gauge pressure De upe = 1,4 % Static pressure greater than 150 Pa: com-
bining 1 % manometer and 1 % reading
fluctuation.
Uncertainty may be reduced to 1% ¢r
less for high-pressure fans as a-function
of fluctuations
Differential pressure Ap upp= 1,4 % As for gauge pressure
Rotational fr¢quency n un=0,5%
of impeller
Power input Py upr= 2% Measured by torque meter or two-wpatt-
meter methods
uncertainty a€cording to class of wattme-
ter andgransformer
Area of a noztle throat Ad uad= 0,2 %
Area of a duc Ax usx= 0,5%
Mass flow rate qm Ugm See Annex A for various flow-measufe-
ment methods
17.7 Maximum allowable uncertainty of results
The different parameters comprising the results\of a fan test are listed in Clause 13. Also listed [is the
maximum allowable relative uncertainty for eaclrresult, if the testis to qualify as a test conducted inder
this documept. Better quality (lower uncertainty) results might be attainable by using instrujnents
with proven uncertainties lower than those required to satisfy the requirements of 17.6.

are not separately stated. Nevertheless, any test conducted in accordance with this document] shall
include an uncertainty analysiscFhe precision indices and bias limits shall be listed separately i such
an analysis.

The uncerta{ﬂies in Clause 13 are based on the 95 % confidence level. Precision indices and bias limits

Table-13 — Maximum allowable uncertainty for the results

Parameter Symbol Maximum r:flizi:lflrncertainty

Ambient density Da Uya = 0,4 %

Fan temperature rise NGO upe=2,8%

Outlet stagnation temperature Osg2 ubsg2 = 0,4 %

Outlet stagnation density Psg2 ursg2 = 0,7 %

Fan dynamic pressure Ptd Uptd = 4,0 %

Fan pressure pf upr=1,4%

Fan air power Py upy=2,5%

Fan impeller efficiency Nr unr=3,2%

Fan flow rate qm or qv Ugm or ugy = 2,0%
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Annex A
(normative)

Determination of air flow rate

A.1 General

This Annex specifies flow-metering methods which are appropriate for fan-testing pur;l)oses, and in
each ¢ase the associated uncertainty of measurement is given.

The flow shall be effectively swirl-free. Provisions to ensure that this condition.is met arg included in
the mlethods of test.

Two basic flow-metering methods are permissible under these conditions. i.e. the use |of an in-line
flowmeter or a traversing method.

A.2 |In-line flowmeters (standard primary device)

The flowmeters which may be used are the multi-Venturi nozzles, the conical or bellmouth|inlet and the
orificp plate. Multi-nozzles are only used within a test chamber. The conical or bellmouth inlet may only
be used at the inlet to an airway, drawing air from free space. The orifice plate may be usgd at the inlet
to or putlet from an airway as well as between two sections of an airway.

The fequirements for the orifice plate between two sections of an airway and for the simplified
installations in which they may be used are given in ISO 5167-1.

The general expression for the mass flow-trate through an in-line differential pressure flowmeter is as
given|in Formula (A.1):

n-d?
=€ 2 ./2~pup~Ap (A1)

)
=

wher¢

L, is the mass.flow rate;

Q9

is the'throat diameter;

p 1S the upstream density;

i)

Ap is the pressure difference;
a is the flow coefficient;
e isthe expansibility factor.

The pressure difference across an in-line flowmeter shall be measured with an uncertainty not
exceeding £1,4 % of the observed value.

It shall always be possible to reduce the uncertainties associated with any in-line flowmeter installation
different from those defined in ISO 5167-1 by calibrating the installation against an improved or
calibrated standard device in accordance with ISO 5167-1.

In order to facilitate the selection of type and size of flowmeter, the losses associated with each type
are given in Figure A.1.
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Approximate values for the pressure difference (expressed as a multiple of the dynamic pressure in the
downstream airway) which will be registered across each device are also shown.

Multi-Venturi nozzles have a relatively low pressure loss and a lower sensitivity to disturbances in the
approaching airflow. The orifice plate, in particular, incurs higher pressure losses, and an auxiliary
booster fan is required if the fan characteristic is to be extended to maximum volume flow. For tests
at one or more present points on a fan characteristic, an orifice plate can, simultaneously with the flow
measurement, control the pressure drop, and this can be a useful property.

Y
1000
\
N
100 o\
W |y
N\
10 A
AN
\\ \
N
1 ~
\ N
0,1 :<
-3
0,01
0 02 04cy06 08 1 12 X

Key
X  ratio of throat diameter to downstream duet diameter (8’ = d/D)
Y stagnatioh pressure loss or pressure-difference relative to downstream dynamic pressure
1  conical off bellmouth inlet
2 orifice plgte
3 conical off bellmouth inletwith 15° angle diffuser included

— pressure |oss
---- pressure fifference

Figulre A.1 — Pressure loss and pressure difference of standard primary systems

A.3 Traverse methods

The local velocity shall be measured at a number of positions across a duct and the individual velocity
values combined, using an integration technique, to yield an estimate of the mean velocity in the duct.
Measurement of the cross-sectional area of the duct in the traverse plane then allows calculation of the
flow rate.

The requirements for the use of a Pitot-static tube in standardized airways are given in [SO 3966.
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A.4 Determination of flow rate using multiple nozzles

A.4.1 Installation

For tests in standardized airways, multiple nozzles shall be used within inlet or outlet chambers.
The nozzles may be of varying sizes but shall be symmetrically positioned relative to the axis of the
chamber, as to both size and radius. The axes of the nozzle(s) and of the chamber in which they are
installed shall be parallel.

Multiple nozzles shall be positioned such that the centreline of each nozzle is not less than 1,5 d from
the chamber wall. The minimum distance between the centres of any two nozzles in simultaneous use

h ll Lo TD™ | 1 pa ya ) 1. . £l 1 1
shall peoTrwhnereca s tire arameter or tinerar ge Mo zZzre:

=0,5D

38 =6

Key

[UnN
jomz}

pbw-settling means

Figure A.2 — Multiple-nozzle unit

A.4.2 Geometry

Multipleshozzle dimensions and tolerances are shown in Figure A2

The profile shall be axially symmetrical and the outlet edge shall be square, sharp and free from burrs,
nicks or rounding's. Nozzle throat length, L, shall be either 0,6 d + 0,005 d (recommended for new
constructions) or 0,5 d + 0,005 d.

© IS0 2017 - All rights reserved 75


https://standardsiso.com/api/?name=3a63837197ce184f3793be1fb9d948cb

ISO 5801:2017(E)

0
d —0,03d L
0,25d
&zm@-
—+— | —o 1 =

0,667d

a) Nozzle with throat-pressure tappings

0
d -0,03d L

0,667d

b) Nozzle'without throat-pressure tappings

Key
1 fairing raglius approximately 0,054, if necessary

Figure A.3 — Nozzle geometry

The pressurg tappings shall conform to the requirements of 12.8.

Nozzles shal] have an elliptical form as shown in Figure A.3, but two or three radii approximations that
do not differ at any point, in the normal direction, by more than 0,015d from the elliptical form may also
be used.

The nozzle throat diameter d shall be measured to an accuracy of 0,001d at the minor axis of the ellipse
and the nozzle exit. Four measurements shall be taken at angular spacing of 45° and shall be within
+0,002d of the mean.

At the entrance to the throat, the mean diameter may be 0,002d greater, but no less than the mean
diameter at the nozzle exit.

The nozzle interior surface shall be faired smooth so that a straightedge may be rocked over the surface
without clicking and the surface waviness shall not be greater than 0,001d peak-to-peak.
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A.4.3 Calculation of mass flow rate

The mass flow rate for a multiple nozzle is given by Formula (A.2):

n
dn=e-3 o0 X Ty B0

i=1

where

A.44

The
multi
uncal

The nl

=)

=)

wherg

=}

=]

wher

[w)

n

(A.2)

(ai .diz ) is the sum of the squares of the open nozzle diameters multiplied by their flow rate

coefficients

1
Multiple-nozzle characteristics

ble-nozzle installation manufactured in accordance with the requirements in A.4.2

jbrated for pressure ratios rq > 0,9 (i.e. Ap < 10 kPa).
ozzle flow rate coefficient, @, may be calculated by the FormulacfA.3) and is shown in
=[0,9986—7’006+134'6] ! = 4 for L/d=0,6
VRed Red _\/1_aAup'ﬁ4_ \/1_O£Aup'ﬁ4
nd
=[0,9986—6’688+131'5} ! = ¢ for L/d 00,5
VRed Red _\/1_aAup'ﬂ4_ \/:l_‘XAup'ﬁ4

h

Pq is the Reynolds number.based on the exit diameter, which may be estimated by th
formula:

iS'the kinetic energy factor upstream of the nozzle, equal to 1,043 for an in-duc
1 for a nozzle and a multiple nozzle in chamber or a free-inlet nozzle;

pressure difference, Ap, shall be measured in accordance with the ‘requiremenits in A.2. A

may be used

Figure A.4:

(A.3)

e following

t nozzle and

B zi (which may be taken as 0 for a chamber) (b < 0,525 for an in-duct nozzle);

C

D
is the nozzle discharge coefficient.
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L/d=0,5
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Figure A.4 — Flow rate coefficient for nozzles used in a;chamber (f3 = 0)

The expansibility factor may be calculated by Formula (A.4) and js shown in Figure A.5:

78

[ (e-1) Y]
3 05
Krf | 1-rg ¥ ,
1-8*%
£= P
(§-1)-(1-rq) 2
1—r’<-ﬁ4
L b ap _
where r{= = =1- Ap

(A4)
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Key
1 Ad=0
2 A=03
3 A=04
4 f=05

Figure A.5 — Expansibility factors for nozzles, used in a chamber (f3 = 0)

A.4.5 Uncertainty

The uncertainty in the discharge coefficient C is'#1,2 % for Reg > 1,2 x 104.

A.5 |Determination of flow rate:using a conical or bellmouth inlet

A.5.1 Installation
The cpnical or bellmouth inlet'shall only be used when drawing air from an open (free) sp:

The z;lxis of the inlet andthat of the airway shall be coincident. The junctions between the
face
proje¢tions.

Withiln the inlet zone defined in Figure A.7, there shall be no external obstruction to the fr
of thg air entering the inlet, and the velocity of any cross-currents shall not exceed 5 %

ice.

cone and the

nd between the eon€ and the cylindrical throat each are having a sharp edge, free from ridges and

be movement
pf the nozzle

throj velocity.
A.5.

Coomeotry

UCVUIIIC LT _y
The conical or bellmouth inlet dimensions and tolerances are given in Figure A.6.

The profile shall be axially symmetric.
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-
>
s
2
% 3
"‘?5‘
\ 0,304d
| 1
Key
1 four wall pressure tappings

2 and 3 alternjative bellmouth inlets (2: one-arc-nozzle and 3:two-arc-nozzle)

Figure A.6 — Geometry-of conical or bellmouth inlet
The throat dfjameter, d, is the arithmetic mean of four measurements, to within an accuracy of 0,003 d,
taken at anglilar spacing's of about 45%in:the plane of the throat pressure tappings.
The pressur¢ tappings shall conform:to the requirements of 12.8.

The pressur¢ difference, Ap, shal¥be measured in accordance with the requirements in A.2.

Except wherg otherwise specified, the included angle of the divergent section may lie anywhere fn the
range q < 3(). The length-of the connection piece shall be in accordance with the condition giyen in

Formula (A.9):

o] B A -

1Y Y 1Y _l

where

A1, isthelarger and As the smaller area of the transition part.

A.5.3 Screen loading
Beside other throttling devices, adjustable screen loading in accordance with Figure A.7 as an example

is permissible with the conical or bellmouth inlet, but the uncertainty of the flow rate coefficient « is
increased.
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1,5d

a—_

1,5d

=0,05|d

1,5d

T

—
\

1,5d

a— . ! he] . . | _!__

b) Conical or bellmouth inlet with adjustable screen loading as an example
Key

duct expander, shape transition,.sudden expansion
resistance screen, if required

sdreen loading and support-ring

mpx. 0,012D or 6 mmm-and min. 0,006D or 3 mm
dgtail for screendoading

DN N W N

The inlet zenhe shall be clear from obstruction.

Figure A.7 — Conical or bellmouth inlet flow-metering installations

Screens, antiswirl devices and their supports may be installed in the connection piece, but they shall
not be allowed to encroach upon the nozzle throat.

Supports for screens shall have the minimal frontal area consistent with strength and stiffness for their
purpose. For example, no single transverse member shall present a blockage greater than 2 %. The
supports shall ensure that the screens are not allowed to bow in the middle.

NOTE An antiswirl device makes an excellent screen support; see Figure A.7 b).

Screens shall be accurately cut and a supporting ring with a radial thickness of 0,012 d or 6 mm max.
and 0,006 d or 3 mm min. and a length of 0,05 d max. shall be fitted or other means adopted to eliminate
leakage at the wall.
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A.5.4 Calculation of mass flow rate

A.5.4.1 General

Steps shall be taken to ensure that the pressure registering at the high-pressure limb of the differential
pressure-reading manometer is the ambient pressure in the inlet zone.

A conical or bellmouth inlet manufactured in accordance with the requirements in A.5.2 may be used
uncalibrated for pressure ratios rq > 0,96, i.e. Ap < 4 000 Pa.

Conical or bellmouth inlets shall not be used when Reg < 20 000.

The mass flow rate is given by Formula (A.6):

n-d*
dm =0 §- 4 '\lz'pup'Ap (A.6)

A.5.4.2 Conical inlet performance

8

The compound coefficient ac is dependent on the Reynolds number Reg and is.plotted in Figure A.

A.5.4.3 Bellmouth inlet performance

For a bellmotith inlet of the shape “one-arc-nozzle”, see Figure A.6,

6
a=1-0/004- [gJi0,0wand e=1-0552P

€d p1
For a bellmotith inlet of the shape “two-arc-nozzle”, see Figure A.6.

o=0,9910,01 and £=1—0,55-£
P1
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094 ,/ 1 d=0,5m
e
0,93 |
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Key
Reg |Reynolds number
ae compound coefficient
1 curves for different duct diameters
NOTE| Ford<0,5 m: m = 0,010 00 where m is the gradiént

¢ = 0,887 0 where c is the intercépt

ae max. = 0,94
For0,5m<d<2m: m=-0,00963+0,047.83d - 0,012 86d2

¢=0,9715-0,205 84 + 0,055 33d2

as max. = 0,913+ 0,062 3d - 0,015 67d2
Ford> 2 m: m=0,034 59

c=0,7812

ae max.= 0,975.

Figure A.8 — Compound coefficient a¢ for conical inlets

A.5.5 Uncertainties

For cpnical aiid bellmouth inlet, the uncertainty in the compound coefficient ae and that in the flow
coefficient.g are the same. The basic uncertainty, applicable when Reg > 3 x 105, and whien no screen
loadi:Eg is.allowed in the connection piece, is +1,5 %. The next additional uncertainty asqociated with

low Regand screen loading shall be arithmetically added to this, if applicable.

The additional uncertainty, as a percentage, due to low Rey (i.e. 2 x 104 < Reg < 3 x 105) is given in

Formula (A.7):

4
NESUES
Red 15

(A7)

The additional uncertainty due to the presence of a uniform screen complying with A.5.3 is 0,5 % and
shall be added arithmetically.

These uncertainties may be reduced if a calibrated value of ae is used in place of the values given
in A.5.4. The calibration may be carried out using a Pitot-static traverse in accordance with the
requirements of ISO 3966 or by means of a primary device with an uncertainty of flow rate coefficient
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not exceeding 1,0 %. The overall uncertainty of mass or volume flow rate measurement with screen
loading in accordance with Figure A.7 b) may then be taken as #2 %.

A.6 Determination of flow rate using an orifice plate

A.6.1 Installation

For tests in standardized airways, a common design of orifice plate may be used at the inlet to a test duct
(inlet orifice), at the outlet from a test duct (outlet orifice), in test chambers (as far as limits in ISO 5167-1
are respected) or between upstream and downstream ducts of the same diameter (in-duct orifice in

accordance wath ISO 167 1\ Tho ductechall conforin o +ha raoivamannte Afthn walagant tact mangt Od
oo —1 1 hHe-aHee5SSaar eonormtotnerequirementsortnererevanttesStnet .

Two alternatjive types of tapping are available, the piezometer ring being generally the moreconvénient
for small dudts and the wall tapping for larger sizes, although neither usage is exclusive.

A.6.2 Geometry

The orifice plate and the associated pressure tapings shall conform to the-dimensions shown in
Figure A.9.

The orifice glate shall be constructed from material which will not corfede in service and it shall be
protected fr¢om damage when handling and cleaning. It is particularlyimportant that the edges pf the
orifice shall pot be burred or rounded, or sustains other damage visible to the naked eye.

The upstream edge of the orifice shall be sharp and shall not reflect light. Any edge radius shdll not
exceed 0,000 4 d. These conditions may be met by machining the orifice plate, fine boring the ofifice,
and then finishing the upstream face by a very fine radial cut from the centre outwards.

The orifice shall be cylindrical within +0,000 5d, its diameter being measured to the nearest 0/001d.
After assemply, the orifice shall be coaxial with‘the upstream duct within #1° and *(0,005D)/
(0,1 +2,3b%)

The upstreain face of the orifice plate shall be/flat to within 1 mm per 100 mm and its roughnefs, R,,
shall not exc¢ed 0,000 1d. Any gasket sealingof the plate and the duct flange shall not project internally.

-

D
d
T
|
|
e e
|

a) Details of orifice plate
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c)'Inlet orifice with wall tappings
>0,4Dy  >05D,

6 2 p l p, 6
AL

|

e

Dy

0,05D,, + 0,01D,

0,05D, + 0,01D,,
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d) Orifice plate in test chamber (inlet side or outlet side)

1 thickness, if required, to stiffen the orifice plate

flow straightener (cell-type shown)
wall tappings complying with 12.8

les within this space

n e given by: 0,005D <e < 0,02D

he orifice plate is held in place by a clip, then the internal diameter is 2Ds5 and the thickness <0

Key

1 additiona

2

3

4  no obstac

5 wall tappings

6 flow settling screens
a  Dimensio

NOTE1 Ift

NOTE2 If

obstruction <

A.6.3 Duct

The upstrea
measuremer
and the secf
cylindrical a

A flow straig
ducts and th

Wall tapping

The axis of e

A.6.4 Calc
A.6.4.1 Gel
qm =0-9:

The definitig
according to

The duct dia

he orifice plate is held in place by a collar, then the internal diameter is <Ds5 dnd the
),01Ds.

Figure A.9 — Orifice plates and assemblies

S

n duct diameter D shall be determined, to the nearest 9,003 D, as the average
ts at about 45 in three cross-sections equally distributed between the upstream
ion at 0,5 D upstream. It is sufficient for the downstream side duct to be no
nd of diameter D £ 0,03 D.

htener shall be fitted in the upstream duct. The length of the upstream and downst
b installation conditions correspond to ISO5167-1.

s shall be 4 in number, in accordance with 12.8, and in the locations shown in Figure

hch tap shall intersect the duct axis:at right angles.
nlation of mass flow rate

heral

n-d?

ns and limitations on the quantities on the right-hand side of Formula (A.8) differ sl

meter, D, shall be not less than 50 mm.

;?E)nally

the orifice installation adopted and are therefore considered separately for each case.

,01Ds.

radial

of 12
ping

ream

A9.

(A.8)

ightly

h

A.6.4.2

The installat

In duct Venturi nozzle

ion and the use of in duct Venturi nozzle are given in [SO 5167-1.

The orifice diameter, d, shall not be less than 12,5 mm.

A.6.4.3

The installat

86

In duct orifice

ion and the use of in duct orifice are given in [SO 5167-1.
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A.6.4.4 Outlet orifice with wall tappings
Formula (A.9) shall apply:

Apzpup _pa (Ag)
where

pa isthe ambient atmospheric pressure;

ae is given by the following formula and plotted in Figure A.10;

as function of 8

a8=A~[1—rAp .(B—c-rAp)}

wher¢
Ap
rl, =—
Ap pa
with

A=0,6993+0,1599:82-0,915 6-p4 + 6,567 5:56 - 9,142 9+8for < 0,5
A=0p96 +(2,04)1-832 for = 0,5

B=0,49 + 0,070 1-82 + 0,243-84 + 0,113 86

C=0,p757 +0,058:62 + 0,22:f4 + 0,25 36

f = d/D shall not exceed 0,5 (or 0,7 with-additional uncertainty)

The uncertainty with which ae is known may be taken as £0,5 % provided £ is not greater|than 0,5 and
the Reynolds number referred tosthe orifice diameter d is not less than 105.
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Key
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Figure A.10 — Compound flow rate coefficient, as, of outlet orifices with wall taps

A.6.4.5 Inlgt orifice with wall tappings

Formula (A.1)0) shall apply:
AP=p,3 1Pdo [A.10)

Pup = Pa

B’ =d/D is, i this caséythe orifice ratio to the downstream duct

=

B’ shall not Be greater than 0,7. There is no lower limit except for the minimum d specified in A.6.

a=0,598
£=1-r,,(0,249-0,0757 1, )
Ap

(Pa—Ap)

The uncertainty with which a is known may be taken as 1,0 % provided that Rep < 5 x 104and rap < 0,3.

rAp

88 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=3a63837197ce184f3793be1fb9d948cb

ISO 5801:2017(E)

A.6.4.6 Orifice plate with wall tappings in the test chamber
Formula (A.11) shall apply:
Apzpup_pdo (All)

The temperature, Typ, is measured in the test chamber.

Oup =Osgup =Tup +273,15

B =d/Dy shall not exceed 0,25;

af is determined in accordance with A.6.4.4.

The ofther remarks of A.6.4.4 shall apply.
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Annex B
(informative)

Fan-powered roof exhaust ventilators

In order to meet the special installation requirements of fan-powered roof exhaust ventilators where
units with graVIty controlled shutters need to be tested in thelr correct mountlng p051t10n it is

necessary to ssible
configuration.
Figure B.1 sHows one modification which involves the inclination of the final screen of 45-% ' maxjfmum
free area and the alternative mounting position of the unit.
V7
Q S
I
|
—_ :_. 4
|
|
| hd +
D
: 3
D, 4
L W ' I Q> I "
| { i a3 + « |
IR R ; |
L || \)( E a -
I PN Ty |
AN
|l / P |
| NP rs o
7 |
1 2
Key
1 flow-settling screen
2 alternative mounting arrangement and related pressure taps
3 inclined fhn-mounting arrangement

NOTE D1 < 0,5D3 where D1 is the diameter of the opening in the roof or the larger side of the rectangular
opening.

Figure B.1 — Setup of a fan-powered roof exhaust ventilator on an inlet chamber

In the case of a very large inlet chamber, where the use of a diagonal screen becomes impractical, the
screen may be omitted provided that it can be demonstrated that over the range of air volume flow
rates under consideration, the air flow presented to the fan under test has a substantially uniform
velocity profile and is free from swirl.
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Annex C
(informative)

Chamber leakage test procedure

C.1 General

The vplume of interest is the volume between the measurement plane and the air-movingdevice. For an
inlet ¢hamber, the test pressure could be negative and, for outlet chambers, the test pressiires could be
positive.

Thre¢ methods of testing for leakage rate are recommended.

Test rjesults shall not be altered to compensate for leakage in the test chamber.

C.2 (Pressure decay method

C.2.1] Calculations

Figurp C.1 a) and b) show typical test setups where the test chamber is sealed and then pressurized
and the valve closed. The initial static pressure, p, is‘noted at time, t = 0. The pressure i$ recorded at
perioflic intervals (at intervals short enough to develop a pressure vs. time curve) until the pressure, p,
reachkes a steady-state value.

Usinglthe ideal gas law given in Formula (C.1;

ptV=m-R-0
o1 (C.y
p:pRg

wher¢

p| isthestatic pressure;

V| is the chamber volume;

nr—isthenmassof airimrthechamber;
R isthe gas constant;
6 isthe absolute air temperature;

p isthe air density.
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Differentiating with respect to time,

y.dp_dm
de dt
and
1 dm m
o TP
Substituting and rearranging gives:
dt % p-R-0 dt
and Formula|(C.2):
VvV d
o=V dn
p d
or
V Ap
0=V %
p A
where
Q is thg leakage air flow rate.

Leakage rate
known for th

. ApTe

e chamber:

At

is the test pressurg

is the slope of'curve in Figure C.1 c);

is the minimum difference.

, Q, can be determined from Formula (C.3)-once the pressure decay curve [Figure C.1

92

(€.2)
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/
a) Setup for outlet-side chamber
6 7 4
t/ i
f R ;
OA\ - / 8

b) Setup for inlet-side chamber
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t
c) Graph showing the decay in chamber pressure with time
Key
1 fanorair|compressor 7  chamber
2 valve 8  valve test
3  pressure gauge 9  vacuum pump
4 testfan Idcation p  pressure, in pascals
5 test champber t time)in seconds
6  nozzles plugged

Figure C.1 — Pressure decay method for leakage test

C.2.2 Prodedure

Pressurize o

I evacuate the test chamber to a test pressure, pt, greater in magnitude than the pre

at which lealfage is to be measured.)Close the control valve.

At time t =

), start a stopwatch and record the pressure at periodic time intervals (a minim

three readings is recommended) to get a decay curve as in Figure C.1 c¢). Continue to record unt

pressure rea

ches a statesin which the pressure does not change significantly.

Quick pressure changes indicate substantial leakage which shall be located and attended to.

ssure

hm of
il the

C.3 Flow

3 £l o
IITLTT ITICTUIIUU

Figure C.2 below shows the test setup. The procedure is to pressurize or evacuate the test chamber
after it is sealed and to use a flowmeter to establish the leakage flow rate. The pressure in the chamber
is maintained constant. The flowmeter will give a direct reading of the leakage rate.

The source used to evacuate or pressurize the chamber shall be sized to maintain a constant pressure
in the chamber.

94
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Key
1 f4n or air compressor
2 valve
3 plessure gauge
4 tgst chamber
5 flpwmeter

Figure C.2 — Leakage test setup, flowmeter method

C.4 |Two-phase method

C.4.1] General

For tgst chambers divided in two parts by.a partition, like multiple-nozzle chambers, the single step
leakape test methods proposed in C.2-and C.3 cannot distinguish between leakage throygh the outer
shell pf the chamber and that through‘the nozzle wall.

A twq-stage measurement method*can provide separate estimates of the two leakages, allowing more
information for eliminating (the’leakage and an estimate of the systematic error produced by the
champer leaks on the accuracy of each volume flow measure.

C.4.2) First phase

The cpnnection ef'the test chamber with the fan or test duct is sealed with a method repriesentative of
the tyjpical connection with the fan case or test duct.

A small nozzle (e.g. a 25 mm diameter nozzle) having a throat area, Ay, is opened in thg nozzle wall,
while|all-the other nozzles are sealed.

The auxiliary fan is run to bring the half-shell of the chamber located between the nozzle wall and the
auxiliary fan to a negative pressure (for outlet chambers) or positive pressure (for inlet chambers) of
the same order as the typical pressure inside the chamber, relative to the outside pressure. There is a
negative pressure limit for each chamber due to its structural integrity.

The negative pressure inside the upstream half-shell of an outlet chamber, or the positive pressure
inside the downstream half-shell of an inlet chamber, ps,, is measured together with the differential
pressure across the nozzle wall, Ap,.

C.4.3 Second phase

A small nozzle (identical to that used in the first phase), having a throat area, Aty, is mounted in a hole
in the panel closing the opening of the test chamber normally connected to the fan case of the test duct.
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All the nozzles in the nozzle wall are sealed.

The auxiliary fan is run to bring the downstream half-shell of the chamber to a negative pressure or
the upstream half-shell of an inlet chamber to a positive pressure of the same order as the typical
differential pressure across the nozzle wall. There is a negative pressure limit for each chamber due to
its structural integrity.

The new values for negative pressure inside the upstream shell of an outlet chamber, or the positive
pressure inside the downstream half-shell of an inlet chamber is measured, psp, together with the
differential pressure across the nozzle wall, Apy,.

Solving Formula (C.4), the equivalent leakage-path areas, through the chamber half-shell located

between the
estimated, in

Jdpy, (A
Different val
NOTE Th
nozzles and a
pressure and

to the chamb
differentials.

The leakag
point,asaf
air density, p

The volume

connection opening and the nozzle wall, A¢, and through the nozzle wall itself, Aw; d
the same units used for A¢n:

n+Aw )=1Psa -Ac

v =\/Psb (An +Aw)
1es for test nozzle areas (Aina and Agpp) may be used, if the two nozzles are not identi

s calculation is carried out under the simplifying assumptions that the'discharge coefficient
so of any leakage path can be assumed to be unity, that a square-law relationship applies be
leakage flow, that the equivalent leakage areas do not dependyon’ the pressure and stress a
er structure, and particularly that they are not sensitive to‘the reversal of the static pr

eutqnder test conditions, @1, can finally be estimatedwrith Formula (C.5), for each measurs

ction of the fan static pressure, psf, of the nozzle wall differential pressure, Ap, and
providing an estimate of the measurement@rror due to chamber leakage.

flow measures shall not be corrected. with the calculated measure of the leakage]

but the estinpate of the leakage flow can be compared with the measured volume flow to estima

relative erro

QL =Qc 1

I and validate the measurement.

|2Dsf |24p
_QW:AC. S +AW' S\
P p

an be

(C.4)

cal.

of the
tween
pplied
bssure

bment
of the

flow,
te the

(C.5)
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Annex D
(informative)

Fan outlet elbow in the case of a non-horizontal discharge axis

In the case of centrifugal fans, test configuration B or D, with a non-horizontal discharge axis, it is
usually possible to temporarily orientate the casing to provide a horizontal outlet feeding into a

horizpmtal testduct-Whemn this s ot possibie, itis wittbe iecessary to inctude amn etbow
fan ofitlet and the common segment with pressure taps, after agreement between manu
purchaser. The losses in the bend can vary according to the expected non-uniform yelocity

at the

In addition, it should be noted that, especially with larger fans, it may¢be difficult,

reasops, to construct a fully compliant standardized airway and in these gases agreement
uEacturer and the purchaser on such configurations, tolerances todb¢used, etc. shou

prior [to any test work.

man

An example of an elbow which could be used is shown in Figure D.1. Alternative bend cq
can bg used.

The angle between the discharge axis and the axis of the;standardized test duct shall be
possible.

The €]
with $

A conpentional friction-loss coefficient is givew’by Formula (D.1):

fan discharge and as such, the method for predicting the losses, given below, is/for gi

bow section shall be located between sections. A and A4 and shall be of a uniform
plitter vanes.

between the
facturer and
distribution
hidance only.

for practical
between the
ld be agreed

nfigurations

the smallest

[ross-section

(D.1)

1 2
do &%)
m\b Ac
where
Al is thedrea of the inlet and outlet sections of the elbow;
b is'the rectangular width of the duct;
h is the rectangular height of the duct;
X is the angle of the elbow, in radians;
(éc)a is the conventional friction-loss coefficient of the elbow calculated for section 4;

(x/2m)(h/b)1/6 is plotted in Figure D.2 as a function of h/b and c.
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]{igure D.1 — Dimensions of outlet elbow for testing large centrifugal fans
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Figure D.2 — Plot-of (x/2m)(h/b)1/6 against h/b for calculating the pressure loss inp an outlet
elbow
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Annex E
(informative)

Input power calculation for driven fans at design point

E.1 General

Economic orenvironmental concerns have resulted in renewed attention being given by many couptries
to the need for increasing the energy efficiency of all types of fan installations. There is, therefore, a
need for an pgreed approach to the calculation of the electrical input power, Pe. Figure 1 shpws a
typical V-belf driven fan and the various losses that occur.

1__* .

-

P. electrical|input power

Py volume flpw and pressure (air power)

a  Variable dpeed device loss (heat)

b Motor losses (heat).

¢ Beltlosses (heat).

d  Bearing l¢sses (heat).

e Impeller §nd casirig'aerodynamic losses (heat).

Figure E.1 — Typical belt driven fan showing power losses

E.2 Power consumption calculation

E.2.1 General

The electrical input power consumed by a fan installation is made up of a number of elements. These
may be summarized as follows in E.2.2 to E.2.4.
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E.2.2 Impeller power

Impeller power is the mechanical power supplied to the fan impeller in a cased fan. This is denoted as
Py and is expressed in Watts or kilowatts. Py is the fan air power and fan impeller efficiency is given in
Formula (E.1), expressed as a decimal:

Ny =—= (E.1)

This is directly applicable to fan arrangements 4, 5, 15 and 16 (see ISO 13349).

5] r | T v
E.Z.J rdil Slidit puwcl

Fan shaft power is the mechanical power supplied to the fan shaft. This is denoted as Pyand is expressed
in Waltts or kilowatts. Py is the fan air power and fan shaft efficiency is given in Formula (E.P), expressed
as a decimal:

nk =—= (E.2)

This is directly applicable to all other fan arrangements, i.e. 1 to 3,6 té 14 and 17 to 19 (se¢ ISO 13349).

It differs from the impeller power by the addition of powerdpsses in the fan bearings 3s a result of
frictign.

E.2.4 Rolling element bearing friction power

It is preferable to obtain these losses by tests on:the difference between arrangements|1 and 4 (see
[SO 18349). If this cannot be achieved, then the 10sses can be estimated from the formulae[below.

Thes¢ losses can be obtained from Formula (E:3):

I

Pl=—"— E.3
P 30-M-N (E-3)

where

P} is the power lossiin-bearings, in Watts;
M is the total frictional moment of the bearings, in Newton metres;
N is the impeller/shaft rotational speed, in r/min.

The fyictional moment for a good quality, correctly lubricated, bearing can be estimated wjith sufficient
accurpcy in'most cases taking a coefficient of friction, u, as constant and using Formula (E}4):

M=0,5udsCq (E.4)

where

M is the total frictional moment of the bearing, in Newton metres;
u is the coefficient of friction as a constant for the bearings (see Table E.1);
Cq is the equivalent dynamic bearing load, in Newtons;

ds isthe bearing(s) bore diameter(s), in metres.
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Table E.1 — Approximate constant coefficients of friction for different bearing types —

The total re
contacts, in
elements or t

If bearings a
bearings. Th

Unsealed
Type of bearing Coefficient of friction
u
Deep groove ball 0,0015
Angular contact ball
— single row 0,002
— double row 0,002 4
Four-point contact ball 0,002 4
Self-aligning ball 0,001 0
Cylindrical roller
— with cage 0,0011
— full complement 0,002 0
Needle roller 0,002 5
Taper roller 0,001 8
Spherical roller 0,0018
Thrust ball 0,001-3
Cylindrical roller thrust 0,0050
Needle roller thrust 0,005 0
Spherical roller thrust 0,001 8

NOTE

For all other types of bearing, see the informatien supplied by the manufacturer.

from the empirical formula:

istance to rotation of a bearing comprises‘the rolling and sliding friction in the rplling
he contact areas between rolling elements and the cage, the guiding surfaces of the rolling
he cage, the friction in the lubricant.and the sliding friction of contact seals, if fitted.

re fitted with contact seals, the ffictional losses in these may exceed those generated fin the
e frictional moment of seals for, bearings that have seals on both sides may be estiiated

(E.5)

a
Mgeq =Ky -dg +k;
where
Mgseq is the frictionalFmoment of seals, in Newton metres;
k1  ispconstant dependent on bearing type;
ko is p'constant, in Newton metres, dependent on bearing type and seal type;
ds is the bore diameter of bearing, in metres (see Figure E.2);
a is an exponent dependent on bearing and seal type.
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Key
ds bpre diameter of bearing

Figure E.2 — Section through a sealed rolling element bearing

a canfvary between 0 and(2)3; k1 can vary between 0 and 0,06 and k; can vary between P and 50. For
confifmation of these values, see the information supplied by the bearing manufacturer|if necessary,
noting that different-symbols can be used.

As giyen in Formula (E.6):

Py =P, <P; (E.6)

the eflfics he defined as fan | . Ffici . in E la (E.7):
Pr Pb
=_r_q1_-0 E.7

= =7, (E.7)
and

NMrMp =MNa
NOTE The total moment of the fan bearings is the numerical sum of the individual moments ignoring the

sign (the direction of the moments is immaterial).
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E.2.5 Transmission power

Many fans, especially in the heating, ventilation, air conditioning and refrigeration (HVACR) sector, are
driven through pulleys and V-belts. This gives flexibility to fan manufacturers, who can cover a wide
duty range with a limited number of models. The system designer can take comfort in the thought that
if his or her system resistance calculations prove to be wrong, a simple pulley change can rectify the

situation, provided there is sufficient motor capacity.

Care should be taken to neither over nor under provide in the design of the belt drive. In either case,

its efficiency suffers. Whereas a well-designed drive can exceed 95 % in its efficiency, the provis

ion of

additional belts for a direct-online start can often reduce this considerably. A “soft” start can be part of

a better solution

If fans are driven through flexible couplings (see arrangements 7, 8, 9 and 17 in ISO 13349), the

b€ are

normally asgumed to have an efficiency of 97 % unless figures are available from the coupling supplier.

E.2.6 Motor power

Perhaps the most common type of motor used in fan installations (certainly above an output of

is the squirrfl cage a.c. induction design. It is robust, reliable, requires minimum maintenance

relatively ingxpensive. There has been a gradual improvement in its efficiency at both full and p
loads. This hfas been achieved by the inclusion of greater amounts of active material. Three effic
levels are stfandardized in IEC 60034-30. These are identified as AE1) IE2 and IE3. The min
efficiencies at the nominal rating are shown in Figures E.3, E.4 and-E.5: The efficiency for actual
at partial loads (around 75 % of nameplate rating) can sometimes be greater than that at full load

is contrary tp earlier designs. It is important to use the efficiency at the actual absorbed power,
may be calculated using any of the methods described in [EC*60034-2-1.

Y

100
90
4a
80 \ 2a
6a
70
60
0 20 40 60 80 100 120 140 160..375 X

Key
X  power, inlkW

| kW)
ind is
artial
iency
imum
otors
. This
which

Y efficiency, in %
a  Number of poles.

Figure E.3 — Nominal limits (%) for Standard Efficiency (IE1) 50 Hz electric motors
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Y

100

90

4a
80 1 2a
6a
70
60
0 20 40 60 80 100 120 140 160..375 X
Key
X  ppwer, in kW
Y efficiency, in %
a  Number of poles.
Figure E.4 — Nominal limits (%) for High Efficiency (IE2) 50 Hz electric motors

Y

100

90

4 a
80 f——2°
6a
70
60
0 20 40 60 80 100 120 140 160..375 X

Key
X  ppwer, in kW
Y efficieney;in %
3 Numntber of poles.

Figure E.5 — Nominal limits (%) for Premium Efficiency (IE3) 50 Hz electric motors

E.2.7 Controls/power loss

This is often ignored, especially with inverters. The efficiency of controls at high turn-down ratios can
be much less than 100 %, although, of course, powers absorbed by the fan are also small. Figures E.6,
E.7 and E.8 are typical examples of a 30 kW motor.
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Y efficiency] (%)
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2 75 % speged
3 50 % speged
4 25 % speed
Figure E.6 — Indicative efficiency of a typical motor at various loads
Y
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3 50 % speed
4 25 % speed

Figure E.7 — Indicative efficiency of a typical variable frequency drive
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4 2p % speed
Figure E.8 — Efficiency of a typical.imotor and variable frequency drive
E.3 [Mains power required
The electrical power input from the mains may be calculated using Formula (E.8):
o Qvsg1 Pr kp
[ e Mo 1T Mmot
and
P
PLq =—
Ne
where

kp  isthe compressibility coefficient;

Pe  isthe electrical input power, in kilowatts, alternatively in Watts;

qvsg1 is the flow rate, in cubic metres per second or litres per second (m3/s or 1/s);

ps is the fan pressure, in kilopascals or Pascal's;

Nr is the fan impeller efficiency, expressed as a decimal;

np s the fan bearing efficiency, expressed as a decimal;
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nt  isthe transmission efficiency, expressed as a decimal;
Nmot 1S the motor efficiency, expressed as a decimal;

Ne is the control efficiency, expressed as a decimal.

NOTE 1 If fan pressure is expressed in Pascals, P, is in Watts; if fan pressure is expressed in kilopascals, Pe is
in Kilowatts.

NOTE 2 n¢np = na, where 1, is the fan shaft efficiency.

NOTE 3  Fan pressure can also be defined on a static basis provided 7y is also calculated on the same basis. Fan
static efficienfy 1s not theoretically correct as it can never be 100 % or 1.

NOTE 4  Thpse calculations are usually conducted at the enquiry stage before an audit can be carried ouf.

All duties anfl values should be for the appropriate installation category.

E.4 Presqnting results of a typical motor and VFD while driving a fan

The combindd efficiency of an induction motor and VFD while driving a fair.depends on how tILe fan
pressure varjies with flow rate. For many systems, py ochSgZ (see Figure£9). By plotting the torque, tm
required from the motor against speed, it is possible to deduce that t@rque ty, o« speed n2 or N2. There
are, however, other possibilities, e.g. torque required may not necessarily follow the square law, (while
viscosity effpcts can reduce the speed index to less than 2. It"i§ also possible that there are|fixed
resistance elpments.

Y
100 F7ege1 %3 o5 /167 86 w@ 9 91
T LSS
N S A S
/
50
\91
o \90
89
25 \\87&
——
0 —————7980
25 50 75 100 ¥

X  speed (% nominal)

Y torque (% nominal)

a  System efficiency.

b Constant torque load application.

¢ Variable torque load from an idealised fan system ty, « n2.

Figure E.9 — Typical efficiency of motor and VFD if applied to a fan (adapted from P. Angers)
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