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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
Interngtional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, [Part 2.

The main task of technical committees is to prepare International Standards. Draft.Internatiopal Standards
adopted by the technical committees are circulated to the member bodies foryvoting. Publjcation as an
Interngtional Standard requires approval by at least 75 % of the member bodie$§ casting a vote.

Attentjon is drawn to the possibility that some of the elements of this dociment may be the subject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 5801 was prepared by Technical Committee ISO/TC 117, Industrial fans.

This second edition cancels and replaces the first edition (ISO'5801:1997), which has been technpically revised.
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Introduct

ion

This International Standard is the result of almost 30 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 pn International Standard has been evident for some time and Technical Committee ISO/T|IC 117
started its wolk in 1963. Important progress has been achieved over the years and, although the nternational
Standard itself was not yet published, the successive revisions of various national standards-led to|much
better agreement among them.
It has now become possible to complete this International Standard by agreement on certain essential points.
It must be bgrne in mind that the test equipment, especially for large fans, is very expensive and jt was
necessary to|include in this International Standard many setups from variousnational codes in orfer to
authorize theif future use. This explains the sheer volume of this document.
Essential featpres of this International Standard are as follows:
a) Categories of installation
Since the connection of a duct to a fan outlet and/or inlet maodifies its performance, it has been agreqd that
four standard|installation categories should be recognized (see*18.2).
A fan adaptaple to more than one installation category_will have more than one standardized performance
characteristic] Users should select the installation catégory closest to their application.
b) Common parts
The differencgs obtained by testing the same fan according to various test codes depend chiefly on the flow
pattern at the|fan outlet and, while ofteh minor, can be of substantial significance. There is general agreement
that it is essenptial that all standardized test airways to be used with fans have portions in common adjagent to
the fan inlet apd/or outlet sufficientto ensure consistent determination of fan pressure.
Geometric vafiations of thesé.common segments are strictly limited.
However, conventionallagreement has been achieved for some particular situations:
1) For fans{where the outlet swirl is less than 15°, i.e. centrifugal, cross-flow or vane-axial fans, it is
posgible)to use a simplified outlet duct without straightener when discharging to the atmospherg or to
a measuring chamber. T there IS any doubt about the degree of swirl, then a test should be

performed to establish how much is present.

For large fans (outlet diameter exceeding 800 mm), 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 of
length 3D on the outlet side. Results obtained in this way may differ to some extent from those
obtained using the normal category D installation, especially if the fan produces a large swirl.

Esta

viii

blishment of a possible value of differences, is still a subject of research.
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c) Calculations

Fan pressure is defined as the difference between the stagnation pressure at the outlet of the fan and the
stagnation pressure at the inlet of the fan. The compressibility of air must be taken into account when high
accuracy is required. However, simplified methods may be used when the reference Mach number does not
exceed 0,15.

A method for calculating the stagnation pressure and the fluid or static pressure in a reference section of the
fan, which stemmed from the work of the ad hoc group of Subcommittee 1 of ISO/TC 117, is given in Annex C.

Three methods are proposed for calculation of the fan power output and efficiency. All three methods give
very similar results (difference of a few parts per thousand for pressure ratios equal to 1 3)

d) FJow rate measurement

Determination of flow rate has been completely separated from the determination of-fan‘pressyre. A number
of standardized methods may be used.
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Industrial fans — Performance testing using standardized
airways

1

This |
excep

Estim
test re

2 N

The f
refere

cope

hternational Standard deals with the determination of the performance of industrial fan
t those designed solely for air circulation, e.g. ceiling fans and table fans.

btes of uncertainty of measurement are provided and rules for the conversion; within speq
sults for changes in speed, gas handled and, in the case of model tests, §ize, are given.
ormative references

bllowing referenced documents are indispensable for the“application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.

ISO 3

ISO5
sectio

ISO 5

ISO 5
duct

IEC 6
rotatin

IEC 6
Part 2

IEC 6
Part 3

D66, Measurement of fluid flow in closed conduits==— Velocity area method using Pitot stati

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

168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

P21, Air distribution and air diffusion — Rules to methods of measuring air flow rate in a

D034-2:1972, Rotating. electrical machines — Part 2: Methods for determining losses anc
g electrical machinery/from tests (excluding machines for traction vehicles)

~

(s

D051-2, Directracting indicating analogue electrical measuring instruments and their
- Special requirements for ammeters and voltmeters

=

A

D051-3,\Direct acting indicating analogue electrical measuring instruments and their
- Special requirements for wattmeters and varmeters

s of all types

ified limits, of

ht. For dated
e referenced

> tubes

tircular cross-

n air handling

| efficiency of

ccessories —

ccessories —

IEC 60051-4, Direct acting indicating analogue electrical measuring instruments and their

Part 4

: Special requirements for frequency meters

3 Terms and definitions

accessories —

For the purposes of this document, the terms and definitions given in ISO 5168 and the following apply.

NOTE

All the symbols used in this International Standard are listed with their units in Clause 4.
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3.1

area of the conduit section

A

X
area of the co

nduit at section x

3.2
fan inlet area
Ay
surface plane bounded by the upstream extremity of the air-moving device
NOTE Fan inlet area is, by convention, taken as the gross area in the inlet plane inside the casing.
3.3
fan outlet area
4z
surface planelbounded by the downstream extremity of the air-moving device
NOTE Fan outlet area is, by convention, taken as the gross area in the outlet plane inside the\casing.
3.4
temperature
T
air or fluid tenmpperature measured by a temperature sensor
NOTE Temperature is expressed in degrees Celsius.
3.5
absolute temperature
e
thermodynamiic temperature
O=T+ 273,15
NOTE In this document, @represents the absolute temperature in kelvin and T the temperature in degrees Celpius.
3.6

specific gas
R

constant

y gas, the equation.of state is written

dry<aif, R = 287 J-kg™1-K™1.

for an ideal di
P_ro
Yol

NOTE Fo

3.7

isentropic exponent

K

for an ideal gas and an isentropic process

K:]/:—

Cc

p

r

14

-~ = constant
K

NOTE For atmospheric air, x = 1,4.
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3.8

specific heat capacity at constant pressure
C

P

for an ideal gas

ISO 5801:2007(E)

k
c,= ——R
Pk -1
NOTE Specific heat capacity is normally expressed in joules per (kilogram kelvin).
3.9
specific heat capacity at constant volume
Cy

for an|ideal gas

qr =——R
-1
NOTE Specific heat capacity is normally expressed in joules per (kilogram kelvin):
3.10
compyessibility factor
Z

NOTE|1 For an ideal gas, Z=1.

NOTE|2 For a real gas,

4=—L_
PRO

where
Z| s afunction of the ratios p/p and @ @; where:

pl s the critical pressure of the gas;

D

. is the critical temperatureof-the gas.

3.11

stagnjation temperature-at a point

o

absollite temperature which exists at an isentropic stagnation point for ideal gas flow withopt addition of

energy or heat

NOTE The stagnation temperature is constant along an airway and, for an inlet duct, is equal to the abpsolute ambient

tempefature in the test enclosure.

NOTE 2  Stagnation temperature is expressed in degrees Celsius.

NOTE 3 For Mach numbers less than 0,122 obtained for standard air with duct velocities less than 40 m/s, the

stagnation temperature is virtually the same as the total temperature.

3.12

fluid temperature at a point
static temperature at a point
O

absolute temperature registered by a thermal sensor moving at the fluid velocity
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NOTE 1

0 =0,

sg

For real gas flow

y2

z,

where v is the fluid velocity, in metres per second, at a point.

NOTE 2
NOTE 3

3.13

These temperatures are expressed in degrees Celsius.

In a duct, when the velocity increases, the static temperature decreases.

dry bulb tem
Ty

air temperatu
NOTE Thi

3.14

perature

e measured by a dry temperature sensor in the test enclosure, near the fan inlet or‘airway

5 temperature is expressed in degrees Celsius.

wet bulb temperature

T,

w
air temperatu
motion

'e measured by a temperature sensor covered by a water-moistened wick and exposed tg

en properly measured, it is a close approximation to the temperature of adiabatic saturation.

5 temperature is expressed in degrees Celsius.

stagnation tgmperature at a section x

NOTE 1 WH
NOTE 2  Thi
3.15
ngx
mean value,

cross-section

NOTE Thi
3.16

static or fluig
o,

X
mean value,
cross-section
NOTE Thi

3.17

over time, of the stagnation temperature averaged over the area of the specified

5 temperature is expressed in kelvin.

temperature at a section x

over time, of the-static or fluid temperature averaged over the area of the specified

5 temperature is expressed in kelvin.

inlet

air in

hirway

hirway

absolute pressure at a point
absolute pressure

pressure, measured with respect to absolute zero pressure, which is exerted at a point at rest relative to the

p

air around it
NOTE Thi
3.18
atmospheric
Pa

s pressure is normally expressed in pascals.

pressure

absolute pressure of the free atmosphere at the mean altitude of the fan

NOTE Thi

s pressure is normally expressed in pascals.
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gauge pressure

Pe

value of the pressure when the datum pressure is the atmospheric pressure at the point of measurement

NOTE 1 Gauge pressure may be negative or positive
pe =p 7pa
NOTE 2  This pressure is normally expressed in pascals.

3.20

absolute stagnation pressure at a point

psg

absollite pressure which would be measured at a point in a flowing gas if it were brought f{

isentr

S

NOTE
NOTE

NOTE
stagng

3.21
Mach

fo

corred

NOTE

3.22

dynarmic pressure at a point

Py

bpic process given by the following equation:

K

x—1 w1
sg :p(1+ 5 MazJ

1 Mais the Mach number at this point (see 3.23).
2  This pressure is normally expressed in pascals.

3  For Mach numbers less than 0,122 obtained for standard air with duct velocities less th
tion pressure is virtually the same as the total pressure.

factor

tion factor applied to the dynamic pressure at a point, given by the expression

Psg = P
Pd

Mx —

The Mach factor may, be“calculated by:

W:1+Mﬁ*j2—ﬂﬂm4 (2 -x)(3 - 2x) Ma®

4 24 192 T

o rest via an

an 40 m/s, the

press

ire_calculated from the velocity and the density p of the air at the point given by the followin

g equation:

v
Pd=P 5

NOTE

2
2

This pressure is normally expressed in pascals.
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3.23

Mach number at a point

Ma

ratio of the gas velocity at a point to the velocity of sound given by the following equation:

v v
Mag=—0o =2
C

KR, O

where

¢ is the velocity of sound,

¢ = kR0
R\, is thg¢ gas constant of humid gas.

3.24
gauge stagnation pressure at a point

Pesg
difference bejween the absolute stagnation pressure, Psg: and the atmospheric’pressure, p,, given by the
following equation:

Pesg =Psg ~— Pa
NOTE This pressure is normally expressed in pascals.

3.25
mass flow rate
D
mean value, ¢ver time, of the mass of air which passes through the specified airway cross-section per pnit of
time

NOTE 1 Th¢ mass flow will be the same at all'cross-sections within the fan airway system excepting leakage.
NOTE 2 Maks flow rate is expressed in kilpgrams per second.

3.26
average gauge pressure at asection x
mean gauge [pressure at a-section x

Pex
mean value, gver timeof the gauge pressure averaged over the area of the specified airway cross-sectipn

NOTE This préssure is normally expressed in pascals.
3.27

average absolute pressure at a section x

Px

mean value, over time, of the absolute pressure averaged over the area of the specified airway cross-section
given by the following equation:

Py =Pex tPa

NOTE  This pressure is normally expressed in pascals.
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3.28
average density at a section x

Px
fluid density calculated from the absolute pressure, p,, and the static temperature, 6,

RO

X

where R, is the gas constant of humid gas

NOTE Density-s-expressednkiogramspereubiermetres
3.29

volume flow rate at a section x

dyx

mass [flow rate at the specified airway cross-section divided by the corresponding.mean value| over time, of
the aVlerage density at that section given by the following equation:

q
Px
NOTE Volume flow rate is expressed in cubic metres per second.
3.30
averapge velocity at a section x
Vmx

volumie flow rate at the specified airway cross-section divided by the cross-sectional area, 4, given by the
follow|ng equation:

NOTE|1 This is the mean value, oventime, of the average component of the gas velocity normal to that gection.
NOTE|2  Average velocity is@expressed in metres per second.

3.31
convéntional dynamic pressure at a section x
Pdx
dynanic pressure' calculated from the average velocity and the average density at the spgcified airway
cross+sectiorrgiven by the following equation:

2 e\
Pae =Px=3 = 5, 4y )

NOTE 1 The conventional dynamic pressure will be less than the average of the dynamic pressures across the section.

NOTE 2 Dynamic pressure is expressed in pascals.
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3.32

Mach number at a section x

Ma,

average gas velocity divided by the velocity of sound at the specified airway cross-section given by the

following equation:
Ma, = me/ kR, O,
NOTE The Mach number is dimensionless.

3.33
average stagnation pressure at a section x

Psgx
sum of the cgnventional dynamic pressure py, corrected by the Mach factor coefficient £, at the 'sectign and

the average gbsolute pressure p_given by the following equation:
Psgx = Px - D/ My

NOTE 1 Th¢ average stagnation pressure may be calculated by the equation:

K

K =1 x-1
Psgx = Px (1 + TMax2JK

NOTE 2  Average stagnation pressure is expressed in pascals.

3.34
gauge stagnation pressure at a section x

Pesgx
difference bejween the average stagnation pressure, Psgs at a section and the atmospheric pressufe, p,,

given by the fpllowing equation:

Pesgx = Pdgx ~ Pa

NOTE Galuge stagnation pressure is expressed in pascals.
3.35

inlet stagnatjon temperature

ng1

absolute temperature in the test enclosure near the fan inlet at a section where the gas velocity is lesg than
25m/s

NOTE 1 In this case, it\is’ possible to consider the stagnation temperature as equal to the ambient temperatufe, @,
given by the following equation:

o,

gt = Oa [+ 273,15

NOTE 2 Inlet stagnation absolute temperature is expressed in kelvins.

3.36

stagnation density

Psg1

density calculated from the inlet stagnation pressure, Psgts and the inlet stagnation temperature, 6591, given
by the following equation:

ooy = Psg1
sg1 - 4
Rw@sg1
NOTE Stagnation density is expressed in kilograms per cubic metre.
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3.37
inlet stagnation volume flow rate

dysg1
mass flow rate divided by the inlet stagnation density given by the formula:

qm
Psg1

dysgl =

NOTE Inlet stagnation volume flow rate is expressed in cubic metres per second.

3.38

fan pfessure
Pt
differgnce between the stagnation pressure at the fan outlet and the stagnation pressure atthe fan inlet given
by thel equation:

P{=Psg2 ~ Psg1

NOTE|1 When the Mach number is less than 0,15, it is possible to use the relationship:
P{=Ptf = Pr2 — Pt

NOTE|2 It is possible to refer the fan pressure to the installation categary A, B, C or D.

NOTE(3 Fan pressure is expressed in pascals.

3.39
dynamic pressure at the fan outlet
Pd2
conventional dynamic pressure at the fan outlet calculated from the mass flow rate, the average pas density at
the odtlet and the fan outlet area

2 2
A = pp2m2 4w
d2 2 2 2,02 A2
NOTE Fan dynamic pressurelis expressed in pascals.
3.40
fan sfiatic pressure

Psf
conventional quantity defined as the fan pressure minus the fan dynamic pressure corrected| by the Mach
factor|as given‘by the following equation:

Py =Rsg2 ~ Pd2 " M2 ~ Psg1 = P2 ~ Psg1

NOTE 1 [T 1S possible To refer the Tan stafic pressure 1o the installation category A, B, C or D.

NOTE 2  Fan static pressure is expressed in pascals.

3.4

mean density

Pm

arithmetic mean value of inlet and outlet densities

_ P1tp2
Pm 2
NOTE Mean density is expressed in kilograms per cubic metre.
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3.42

mean stagnation density

Pmsg

arithmetic mean value of inlet and outlet stagnation densities given by the following equation:

Pmsg =

NOTE

3.43

fan work per
Wm

increase in m

Psgt T Psg2
2

Mean stagnation pressure is expressed in pascals.

possible to calculate ¥, as in 3.47, as follows:

b value obtained differs by only a few parts per thousand from the.value given by the above expressid

possible to refer the fan work per unit mass to the installation category A, B, C or D.

Fan work is expressed in joules per kilogram.

fan static work per unit mass

w, =L
NOTE 1 It ig
Wm - i
dm
NOTE 2 Thg
NOTE 3 It i
NOTE 4
3.44
WmS

increase in m
mass imparte

w

ms

NOTE 1 It is

NOTE 2

3.45

fan pressure
r

ratio of the a

P2— P

echanical energy per unit mass of fluid-passing through the fan minus the kinetic energy p
d to the fluid, given by the following.equation:

2
Vi
1

2

Pm

possible to refer the fan’static work per unit mass to the installation category A, B, C or D.

Fan static work is expressed in joules per kilogram.

ratio

umitmass

bchanical energy per unit mass of fluid passing through the fan given by the following equati
p — P1 + apo Ym2 i

Pm 2 2

on:

er unit

eérage absolute stagnation pressure at the outlet section of a fan to that at its inlet sect

on as

given by the fi

llowing equation:

r= Png/psg1

NOTE

10

The fan pressure ratio is dimensionless.
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3.46
compressibility coefficient
k
p
ratio of the mechanical work done by the fan on the air to the work that would be done on an incompressible
fluid with the same mass flow, inlet density and pressure ratio; kp is given by the equation:

_ Zk |Og1ol"
P |Og10|:1+Zk (r—1)]

where

-1 psg1Pr
K qmPf

K =

Ny

NOTE|1 The work done is derived from the impeller power on the assumption of polytropis-compressipn with no heat
transfdr through the fan casing.

NOTE[2 Ky and ppgq/pmsg differ by less than 2 x 1073.

NOTE|3  The compressibility coefficient is dimensionless.

NOTEM A second method of calculation is shown in 30.2.3.4.2, section b).

3.47
fan air power
PU
conventional output power which is the product of the.mass flow rate ¢,, and the fan work per ynit mass w,,
or the| product of the inlet volume flow rate dysgt: the compressibility coefficient ko and the fgn pressure p;
given py the following equation:

B =4V = qysgr - Pt - kp

NOTE|1 It is possible to refer the fan air power to the installation category A, B, C or D.

NOTE[2  Fan air power is expregsed/in watts when g, is in kilograms per second and W, is in joules pef kilogram.

NOTE(3 Fan air power is expressed in watts when Iysgt is in cubic metres per second and py is in pascals.

3.48
fan static air power
PUS
conventional.output power which is the product of the mass flow rate ¢,, and the fan static work jper unit mass
W pr theiproduct of the inlet volume flow rate g¢44, the compressibility coefficient ks and|the fan static

ms?
press11re Psh kps 1S calculated using r = po/pgg4

Pis =qmWps = dysg1 - kps © Dsf

NOTE 1 It is possible to refer the fan static air power to the installation category A, B, C or D.

NOTE2  The fan static air power is expressed in watts when g, is in kilograms per second and W, is in joules per
kilogram.
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3.49

impeller power

Pr

mechanical power supplied to the fan impeller

NOTE Impeller power is expressed in watts.
3.50

fan shaft power

P

a
mechanical power supplied to the fan shaft

NOTE Fa||1 shaft power is expressed in watts.

3.51
motor output power
PO
shaft power optput of the motor or other prime mover

NOTE Motor output power is expressed in watts.
3.52

motor input power

P

e
electrical power supplied at the terminals of an electric motor drive

NOTE Motor input power is expressed in watts.
3.53

rotational speed of the impeller

N

number of rejolutions of the fan impeller per minute
3.54

rotational frequency of the impeller

n

number of reyolutions of the fan impeller‘per second

3.55
tip speed of the impeller
Vp
peripheral spged of theimpeller blade tips

NOTE Tip| speedds expressed in metres per second.
3.56

peripheral Mach number

Ma,,

dimensionless parameter equal to the ratio of tip speed to the velocity of sound in the gas at the stagnation

conditions of the fan inlet given by the following equation:

May = uf\[ kR, Gsgs

12
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3.57
fan impeller efficiency

y
fan air power divided by the impeller power P, as follows:

=

oo

NOTE 1 It is possible to refer the fan impeller efficiency to the installation category A, B, C or D.

NOTE 2 Fan impeller efficiency may be expressed as a proportion of unity or as a percentage.

3.58
fan inppeller static efficiency

Nsr
fan static power divided by the impeller power given by the equation:

NOTE It is possible to refer the fan impeller static efficiency to the installation category A, B, C or D.

NOTE[2  Fan impeller static efficiency may be expressed as a proportian’ of unity or as a percentage.

3.59
fan shaft efficiency
Ma
fan aif power divided by the fan shaft power given by the equation:

B

Py

NOTE Fan shaft power includes bearing losses, while fan impeller power does not.
NOTE|2 It is possible to refer the fan‘shaft efficiency to the installation category A, B, C or D.

NOTE[3  Fan shaft efficiency maybe expressed as a proportion of unity or as a percentage.

3.60
fan motor shaft efficiency
Mo
fan aif power Pg-divided by the motor output power P, as given by the equation:

£

Py

o

NOTE 1 It is possible to refer the fan motor shaft efficiency to the installation category A, B, C or D.

NOTE 2  Fan motor shaft efficiency may be expressed as a proportion of unity or as a percentage.
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3.61

overall efficiency

e

fan air power divided by the motor input power for the fan and motor combination given by the equation:

A

'1e=P—e

NOTE 1

NOTE 2

It is possible to refer the overall efficiency to the fan category A, B, C or D.

Fan overall efficiency is expressed as a proportion of unity or as a percentage.

3.62
ratio of inlet

fluid density 4

N

NOTE

3.63
kinetic energ
Oy
dimensionles
divided by th

density to mean density

t the fan inlet divided by the mean fluid density in the fan given by the following-equation:

B

P2

s dimensionless.

y factor at a section x

5 coefficient equal to the time-averaged flux of kinetic energy through the considered arg
e kinetic energy corresponding to the mean @ir velocity through this area and given

following equation:

O gx

where

IJ.Ax (pvn‘;z) dd,

dmVmx

y isth

vy isth
3.64
kinetic index
Ikx
dimensionles

I

local absolute velocity,)in metres per second;

local velocity, intmetres per second, normal to the cross-section.

at a section x

5 coefficient equal to the ratio of the kinetic energy per unit mass at the section x and t

ba, A,
by the

ne fan

work per unit

mass and given by the following equation:

2
Ik =

3.65

me

2w,

Reynolds number at a section x

Rer

dimensionless parameter which defines the state of development of a flow and is used as a scaling parameter

14
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NOTE It is the product of the local velocity, the local density and a relevant scale length (duct diameter, blade chord),
divided by the dynamic viscosity as given by the following equation:

Rer — vmeX — 4qm

Ve D,
3.66
friction-loss coefficient
(§X—y)y

dimensionless coefficient for friction losses between planes x and y of a duct, calculated for the velocity and
density at section y; for incompressible flow, the formula is given by:

Apxy = l Per%]y (éx— y)y

2
3.67
hydraulic diameter
Dy,

hydraylic diameter of a rectangular section of a duct given by the equation;

44
2(b+h)

Iy,

where
Al is the cross-sectional area;
b| is the rectangular section width;

n| is the rectangular section height.

3.68
flow goefficient
(0]
dimensionless number given by the‘equation:

_ dm
=z
PmD;"u
3.69
pressure coefficient

'
dimensionléss:number given by the equation:

ye——
pm”2

3.70
fan power coefficient
A
dimensionless number given by:

=

n
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4 Symbols and units

41 Symbols

For the purposes of this International Standard, the following symbols and units apply.

Symbol Represented quantity Definition SI Unit
ref
A, Area of the conduit at section x 3.1 m?2
a Hole diameter of wall pressure tappings — mm
b Width of the rectangular section of a duct — nL
C Discharge coefficient — —
c Velocity of sound 3.23 m/s
¢ Specific heat capacity at constant pressure 378 J/kg/K
cy Specific heat capacity at constant volume 3.9 J/kg/K
d Diameter of orifice or nozzle throat — m
d Diameter of stagnation pressure hole in Pitot-static tube — mm
D Internal diameter of a circular conduit upstream of an in-line — m
flowmeter
Dy, Hydraulic diameter of a rectangular section of a duct 3.67
D, Internal diameter of a circular conduit in section x —
D, Outside diameter of the impeller —
I Mach factor for correction of dynamic pressure at section x 3.21 —
Acceleration due to gravity — m/g2
h Height of the rectangular section of'a duct — m
hy, Relative humidity p;/ps 4 — —+
iy Kinetic index at section & 3.64 —
ke Resulting coefficient used in the conversion of test results — -
kes Resulting coefficient used in the conversion of static pressure test — —+
results
kp Inlet to mean density ratio 3.62 —+
ko Compressibility coefficient for the calculation of fan air power P, 3.46 —
kos Compressibility coefficient for the calculation of fan static air power — -1
Ma Mach number 3.23 —
Ma, Mach number at section x 3.32 —
Ma, ¢  Reference Mach number at section x at inlet stagnation conditions — —
Ma, Peripheral Mach number 3.56 —
m Area ratio of an orifice plate (d/D)?2 — —
n Rotational frequency of impeller — r/s
N Rotational speed of impeller — r/min
P Absolute pressure of the fluid 3.17 Pa
Pa Atmospheric pressure at the mean altitude of the fan 3.18 Pa
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De Gauge pressure 3.19
Psg Absolute stagnation pressure at a point 3.20
Pesg Gauge stagnation pressure at a point 3.24
Pesgx Gauge stagnation pressure at section x 3.34

yx Dynamic pressure at a point 3.22

Dy Mean absolute pressure in space and time of the fluid at section x 3.27
Dex Mean gauge pressure in space and time at section x 3.26
Psgx Mean stagnation pressure at section x 3.33
Pax Conventional dynamic pressure at section x 3.31
Bsat Saturation vapour pressure 12.2

D, Partial pressure of water vapour 12.2

ps Fan pressure 3.38

x Fan static pressure 3.40
Pdo Fan outlet dynamic pressure 3.39

Dy Mean absolute pressure upstream of an in-line flowmeter —
Pdo Mean absolute pressure downstream of an in-line flawmeter —

I Mechanical power supplied to the fan shaft 3.50

Pe Motor input power 3.52

Py Motor output power 3.51

P, Mechanical power supplied to the impeller of the fan 3.49

P Fan air power 3.47
Pus Fan static air power 3.48

i Mass flow rate 3.25

e Volume flow rate —
qpsg Inlet stagnation velume flow rate 3.37

e Volume flowrate at section x 3.29
r Fan pressure ratio 3.45
rq Pressure ratio for a flowmeter ry = pyo/p, —

Ap Aplpy, for a flowmeter —

R Gas constant of dry air or gas 3.6

w Gas constant of humid air or gas —
Rep, Reynolds number at section x 3.65

T, Ambient temperature —

Ty, Barometer temperature —

Ty Dry bulb temperature 3.13

Ty Wet bulb temperature 3.14

T, Static temperature at section x —
Togx Stagnation temperature at section x —

Relative uncertainty of x

© 1SO 2007 — All rights reserved
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Absolute uncertainty of x

Velocity of gas at a point

Average velocity of the gas at section x
Peripheral velocity, or tip speed, of the impeller
Fan work per unit mass

Fan static work per unit mass

Compressibility factor in equation of state

Coefficient used for the calculation of the compressibility factor k.“

3.30
3.55
3.43
3.44
3.10

same as X
m/s
m/s
m/s
J/kg
J/kg

(first method)

Coefficient used for the calculation of the compressibility factor
ko (second method)

Mean altitude of section x
Flow rate coefficient of an in-line flowmeter

Coefficient of kinetic energy of flow in the section x of area 4,; a,,
is assumed equal to 1

Ratio of the internal diameter of an orifice or nozzle to the
upstream diameter of the duct d/D

Ratio of the internal diameter of an orifice or nozzle to the
downstream diameter of the duct

Differential pressure

Difference in altitude between the barometer and the mean altitude
of the fan

Expansibility factor

Conventional friction loss coefficient\between planes x and y
calculated for section y

Efficiency

Static efficiency

Fan shaft efficiency

Overall efficiency

Fan motor shaft efficiency
Fan impglier efficiency
Fansimpeller static efficiency

Stagnation temperature at section x

3.63

3.59
3.61
3.60
3.57
3.58
3.15

Static or fluid temperature at section x
Ambient temperature

Temperature upstream of an in-line flowmeter
Isentropic exponent for an ideal gas

Specific friction-loss coefficient for a length of one diameter of a
straight duct

Dynamic viscosity
Density of gas

Mean density of gas at section x

3.16

3.28

Pa-s
kg/m3
kg/m3
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Prm Mean density of gas in the fan 3.41

@ Flow coefficient 3.68
¥ Pressure coefficient 3.69
A Fan power coefficient 3.70
1) Angular velocity —
v Kinematic viscosity 12.3

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 an outlet-side airway

5 Throat or downstream tappings for Ap for an inlet-side measurement

6 Upstream tapping for Ap and p,, for an outlet-side measurement

7 Upstream tapping for Ap and p,, for an inlet-side measuremeént

8 Throat or downstream tapping for Ap for an outlet-side measurement

a Ambient atmosphere in the test enclosure

b Barometer

c Centrepoint of the test section

do |Downstream of a flow-measurement deyice

f Fan

Gu |Guaranteed relative to the characteristics specified in the contract

n Reference plane of the fan{ n)= 1 for inlet, n = 2 for outlet

s Static conditions

sat |Saturation conditions

sg Stagnation conditions

Te |Tested relative to the characteristics specified in the contract

u Reference air conditions upstream of a flow-measurement device

x—y [|Airway length from plane x to plane y

5 General

kg/m3

rad/s

m/s

The upper limit of fan work per unit mass is 25 000 J/kg corresponding to an increase in fan pressure

approximately equal 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
temperature should be within the normal atmospheric range.

There are four categories of installation:

category A: free inlet, free outlet;

© 1SO 2007 — All rights reserved
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— category B: free inlet, ducted outlet;
— category C: ducted inlet, free outlet;
— category D: ducted inlet, ducted outlet;

to which correspond four performance characteristics.

Fan performance cannot be considered as invariable. The performance curve of fan pressure versus flow rate
may be modified by the upstream fluid flow, e.g. if the velocity profile is distorted or if there is swirl.

Although the downstream flow generally cannot act on the flow through the impeller, the losses in the
downstream duct may be modified by the fluid flow at the fan outlet.

Methods of measurement and calculation for the flow rates, fan pressures and fan efficiencies are'specified in
Clauses 14 tq 27 and Annex A. They are established in the case of compressible flow, taking-into a¢count
Mach number effect and density variation. However, a simplified method is given for reference) Mach numbers
less than 0,14 and/or fan pressures less than 2 000 Pa.

It is agreed fhat, for the purposes of this International Standard, calculations <aré@ made using absolute
pressures and temperatures, but equivalent expressions using gauge pressures are provided.

It is conventignally agreed that:

— for fan inptallation categories C and D, a common airway section should be provided upstream of the fan
inlet to simulate a long, straight inlet duct;

— for fan imstallation categories B and D, a common airway section (incorporating a standardizeg flow
straighteper: an eight-radial-vane straightener, or hongycomb straightener) adjacent to the fan|outlet
should bg provided upstream of the outlet pressure~measurement section to simulate a long, sfraight
outlet dugt.

When the test installation is intended to simulate-ah-on-site installation corresponding to category C but|with a
short duct disgharging to the atmosphere, the test'fan should be equipped with a duct having the same shape
as the fan ouflet and a length of two equivalént diameters.

For large fang of installation category D (800 mm diameter or larger) it may be difficult to carry out theg tests
with standardized common airwaysyat the outlet side including straighteners. In this case, by mutual
agreement bgtween the parties concerned, the fan performance may be measured using the setup desgribed
in 28.2.5 with| a duct of length(3% on the outlet side. Results obtained in this way may differ to some extent
from those oftained by using.common airways on both the inlet and outlet side, especially if the fan produces
a large swirl.

By conventior), the kinetic energy factors o4, a,, at fan inlet and fan outlet are considered equal to 1.

The test fans shown in the figures for each of the test installations are of one type (e.g. an axial fan). However,
a test fan of another type could be used.

6 Instruments for pressure measurement

6.1 Barometers

The atmospheric pressure in the test enclosure shall be determined at the mean altitude between the centre
of fan inlet and outlet sections with an uncertainty not exceeding = 0,2 %. Barometers of the direct-reading
mercury column type should be read to the nearest 100 Pa (1 mbar) or to the nearest 1 mmHg. They should
be calibrated and corrections applied to the readings for any difference in mercury density from standard, any
change in length of the graduated scale due to temperature and for the local value of g.
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Correction may be unnecessary if the scale is preset for the regional value of g (within = 0,01 m/s2) and for
room temperature (within £ 5 °C).

Barometers of the aneroid or pressure transducer type may be used provided they have a calibrated accuracy
of £ 200 Pa and the calibration is checked at the time of test.

The barometer should be located in the test enclosure at the mean altitude between fan inlet and fan outlet. A
correction, p,g(z, - z,), in pascals, should be added for any difference in altitude exceeding 10 m,

where

z,,_is the altitude at barometer reservoir or at barometer transducer:

z4, is the mean altitude between fan inlet and fan outlet;

g| is the local value of the acceleration due to gravity;

ph is the ambient air density.
6.2 |[Manometers
Manometers for the measurement of pressure difference shall have an.uncertainty under conditjons of steady
pressiire, and after applying any calibration corrections (including<that for any temperature difference from
calibr{tion temperature and for g value), not exceeding + 1 % of.the significant pressure or 1,5 IPa, whichever
is greater.
The dignificant pressure should be taken as the fan .stagnation pressure at rated duty or|the pressure
differgnce 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.
The manometers will normally be of the liquid eolumn type, vertical or inclined, but pressure transducers with
indicafing or recording instrumentation aret-acceptable, subject to the same accuracy apd calibration
requirements.
Calibrption should be carried out at.aseries of steady pressures, in both rising and falling sequehces to check
for any difference.
The rIference instrument should be a precision manometer or micromanometer capable of beihg read to an
accuracy of £ 0,25 % or 0,5 Pa, whichever is greater.
6.3 |Damping of manometers
Rapid| fluctuations of manometer readings should be limited by damping so that it is possible t@ estimate the
average reading within = 1 % of the significant pressure. The damping may be in the air conneftions leading
to thel manometer or in the liquid circuit of the instrument. It should be linear, and of a type which ensures
equal lresistance—tomevementin—eitherdirection—The—damping—should-ret-be-so-heawythat- prevents the

proper indication of slower changes. If these occur, a sufficient number of readings should be taken to
determine an average within £ 1 % of the significant pressure.

6.4

Checking of manometers

Liquid column manometers should be checked in their test location to confirm their calibration near the
significant pressure. Inclined tube instruments should be frequently checked for level and rechecked for
calibration if disturbed. The zero reading of all manometers shall be checked before and after each series of
readings without disturbing the instrument.
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6.5 Position of manometers

The altitude of zero level of manometers or of pressure transducers should be the mean altitude of the section
for pressure measurement (see Figure 1).

Figure 1 — Tapping connections to obtain average static pressure and altitude of manometer

7 Determination of average pressure in an airway

7.1 Methods of measurement

A differential manometer complying with the specifications of 6.2 to 6.5 shall be used with one side connected
either to wall|tappings or to the pressure connections of a set of Pitot-static tubes in the plane of prg¢ssure
measurement.

To determine|the average static pressure in this plane, the other side of the manometer shall be open|to the
atmospheric gressure in the test enclosure.

To determine|the pressure difference between planes of pressure measurement on opposite sides of the fan,
either or both|sides of the manometer may be connected between sets of four tapping connections arranged
as recommended in 7.4.

7.2 Use offwalltappings
At each of thé_sections for pressure measurement in the standardized airways specified in Clauses 21 to 25

and in Clauses 30 to 33, the average static pressure shall be taken to be the average of the static pressures
at four wall tappings constructed in accordance with 7.3.

7.3 Construction of tappings

Each tapping takes the form of a hole through the wall of the airway conforming to the dimensional limits
shown in Figure 2. Additional limits are specified in Clauses 22 to 26 for the tappings used in
flow-measurement devices. It is essential that the hole be carefully produced so that the bore is normal to and
flush with the inside surface of the airway, and that all internal protrusions are removed. Rounding of the edge
of the hole up to a maximum of 0,1a is permissible.
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Q

rway diameter (D)
Figure 2 — Construction of.wall pressure tappings
The bpre diameter, a, shall be not less than 1,5 mm, not greater than 5 mm and not greater than|0,1D.

Special care is required when the velocity in the airway is comparable with that at the fan inlet|and outlet. In
these|cases, the tapping should be situated ih a section of the airway that is free from jpints or other
irregularities for a distance of D upstream-and D/2 downstream, D being the airway diameter.| In very large
airways, it may not be practicable to meetithis condition. In such cases the Pitot-static tube metihod described
in 7.6|may be used.

7.4 |Position and connections

In the|case of a cylindrical-airway, the four tappings should be equally spaced around the circumference. In
the cgdse of a rectangularjairway, they should be at the centres of the four sides. Four similar tagpings may be
connected to a single‘manometer. They should be connected as shown in Figure 1.

7.5 |Checks for compliance

Care ghallh\be taken to ensure that all tubing and connections are free from blockage and leakage, and are
empty ofliquid. Before beginning any series of observations, the pressure at the four side tappings should be
individually measured at a flow rate approaching the maximum of the series. If any one of the four readings
lies outside a range equal to 5 % for p,, <1 000 Pa or 2 % for 1 000 Pa < p, < 30 000 Pa, p,, being the mean
gauge pressure, the tappings and manometer connections should be examined for defects. If none are found,
eight equally spaced pressure tappings should 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.

7.6 Use of Pitot-static tube

At the appropriate pressure measurement plane in a circular airway, a minimum of four points should be
selected, equally and symmetrically spaced around the axis at approximately one-eighth of the airway
diameter from the wall or, in the case of a rectangular airway, one-eighth of the duct width from the centre of
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each wall. Under steady flow conditions, a static pressure reading should be taken at each point and the
average calculated.

Alternatively, if desired, the static pressure connections of four separate Pitot-static tubes may be connected
together to give a single average reading in the manner described in 7.4 and Figure 1.

8 Measurement of temperature

8.1 Therm

ometers

Instruments fi
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When a prob
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It is therefore
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In order to n
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diameter cenfre. Probes shall be shielded against radiation from heated surfaces.

If it is not pg

diameter, at Igast 100 mm from.the-wall or one-third of the airway diameter, whichever is less.

8.3 Humidity

The dry bulb
record the co
from heated s

br the measurement of temperature shall have an accuracy of = 0,5 °C after the applica
N correction.
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-

is put inside an airway to take temperature measurements, the measurement accurad
fluid velocity.

 temperature, which is neither the stagnation temperature nor the Static temperature, is a
them, usually slightly closer to the stagnation value.

City is equal to 25 m/s, the difference between stagnation.and static temperatures is 0,31
me difference is 0,61 °C (for a static temperature of 293,15 K).

bment is taken in a section where the air velocity isiless than 25 m/s, the measured tempsg
jual to both stagnation and static temperatures.

recommended that measurement of the stagnation temperature be made upstream of t
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ection, located on a vertical.diameter at different altitudes situated symmetrically fro

ssible to meet these\requirements, probes can be placed inside an airway on a hor

and wet-bulb temperatures in the test enclosure should be measured at a point where th
hdition’of the air entering the test airway. The instruments should be shielded against ra
urfaces.
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The wet bulb thermometer should be located in an air stream of velocity at least 3 m/s. The sleeving should be
clean, in good contact with the bulb, and kept wetted with pure water.

Relative humi

24

dity may be measured directly provided the apparatus used has an accuracy of £ 2 %.
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9 Measurement of rotational speed

9.1 Fan shaft speed

The fan shaft speed shall be measured at regular intervals throughout the period of test for each test point, so
as to ensure the determination of average rotational speed during each such period with an uncertainty not
exceeding + 0,5 %.

No device used should significantly affect the rotational speed of the fan under test or its performance.

9.2 Acceptable instruments

Instruments should have an uncertainty of not more than 0,5 % (i.e. accuracy class index @f\0,5 |n accordance
with IEC 60051-4).

10 Determination of power input

10.1 [Measurement accuracy
The ppwer input to the fan over the specified performance range shall'be determined by a method, including

the aeraging of a sufficient number of readings at each test point;vhich achieves a result with an uncertainty
not exceeding £ 2 %.

10.2 |[Fan shaft power

When|the power to be determined is the input to thefah shaft, acceptable methods include the fqllowing.

10.2.1 Reaction dynamometer

The tprque is measured by means of a_ctradle or torque-table type dynamometer. The weights shall have
certifigd accuracies of + 0,2 %. The length of the torque arm shall be determined to an accuracy pf £ 0,2 %.

The zgro-torque equilibrium (tafe)-shall be checked before and after each test. The difference ghall be within
0,5 %|of the maximum value‘measured during the test.

10.2.24 Torsion meter

The tprque is measured by means of a torsion meter having an uncertainty no greater than[ 2,0 % of the
torqug to be measured. For the calibration, the weights shall have certified accuracies of £ 0,2 %6. The length
of thetorque.,arm shall be determined to an accuracy of + 0,2 %.

The zgero-torque equilibrium (tare) and the span of the readout system shall be checked before and after each
test. In each case, the difference shall be within 0,5 % of the maximum value measured during the test.

10.3 Determination of fan shaft power by electrical measurement

10.3.1 Summation of losses

The power output of an electric motor for direct drive is deduced from its electrical power input by the
summation of losses method specified in IEC 60034-2. For this purpose, measurements of voltage, current,
speed and, in the case of alternating current (a.c.) motors, power input and slip of induction motors shall be
made for each test point, and the no-load losses of the motor when uncoupled from the fan shall be measured.
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10.3.2 Calibrated motor

The power output of an electric motor for direct drive is determined from an efficiency calibration acceptable to
both manufacturer and purchaser. The motor should be run on charge for a time sufficient to ensure that it is
running at its normal working temperature. The electrical supply should be within the statutory limits, i.e.

10.3.3 Electr

voltage: + 6 %;

frequency: £ 1 %.

ical meters

The electrical
one of the foll

a) fora.c.m

b) for direct

The equipme
and |IEC 6004
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the motor shz
flexible coupl
removed from
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bearing loadir
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For tests with
of power mea
specified worl|
those losses.

11 Measul

11.1 Flow-n

power input to the motor during the fan tests described in 10.3.1 or 10.3.2 shall be measu
bwing methods:

otors, by the two-wattmeter method or by an integrating wattmeter;
current (d.c.) motors, by measurement of the input voltage and current.
nt used for standardized airway tests shall be of class index 0,5 in accordance with IEC 60

1-3 to which calibration corrections are applied or, alternatively, ©f class index 0,2 for
rections are unnecessary.

Br power

the power input to the fan impeller hub it is necessary; unless the impeller is mounted dire
ft, to deduct from the fan shaft power an allowang¢e for bearing losses and for the losses

the shaft and measuring the torque losses due to bearing friction. If considered necessa

gs.

standardized airways, the interposition of a transmission system between the fan and the
surement should be avoided unless it is of a type in which the transmission losses und

ement of dimensions and determination of areas

neasurement devices
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051-2
which

ctly on
n any

ng. This may be determined by running a further test at the same speed with the inppeller

y, the
similar
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er the

King conditions cane-reliably determined, or the specified power input is required to ipclude

The dimensions of nozzles, orifices and airways used for flow measurement shall conform to the tolerances

specified in th

11.2 Tolera

e appropriate subclauses covering their use.

nce on dimensions

Specified airway component lengths shall be measured after manufacture and shall conform to the
requirements of the test method within a tolerance of f]o %, except where otherwise stated.

Specified airway component diameters shall be measured after manufacture and shall conform to the
requirements of the test method within a tolerance of + 1 %, except where otherwise stated.
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11.3 Determination of cross-sectional area

11.3.1

Dimensional measurements

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

11.3.2

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 th

If the

measlired diameters shall be doubled. The area of the circular section shall be calculatedfrom tH

wherg

11.3.3
The w
width
of me
The 4

avera
Cross+

12 [

121

Thed

wherg

ey are at equal angles within the cross-section.

difference in linear measurement between two adjacent diameters is more than 1'%, t
n?
4

D is the arithmetic mean of the measured diameters.

Rectangular sections
idth and height of a rectangular section shall be measured along five equidistant lines
and height. If the difference between two adjacent widths or heights is more than 2 %, the
bsurements in that direction shall be doubled.
verage width of the section shall be taken as the arithmetic mean of all the widths meas

je height of the section shall be taken(as the arithmetic mean of all the heights m
sectional area of the section shall be taken as being the average width multiplied by the av

etermination of air density, humid gas constant and viscosity

Density of air in the test enclosure at section x
ensity of the ambient-dir in the test enclosure is given by the following equation:

_ pa —0,378p,
= 2876,

he number of
e formula:

parallel to the
n the number

ured, and the
pasured. The
erage height.

)_.is the absolute ambient temperature. in kelvins. given by

O, =T, + 273,15

where T, = T4 (dry bulb temperature, in degrees Celsius),

p5 is the atmospheric pressure;

py, s the partial water vapour pressure, in pascals, in the air;
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287 is the gas constant for dry air, R, in joules per (kilogram kelvin);

-R

0,378 = Ry
R

\
with R, = 461 which is the gas constant of water vapour.

The gas constant of humid air, R, is then given by

R, = pg _ 287 .
@-a 1-0,378 —~
Pa

NOTE Folt standard air:

Py =1,2 kg/m?
0,=293,15K
P =101 325 Pa
h,=0,40
R,, = 288 J/(kg-K)

The average flensity of the air in an airway section x may be obtained @y the following equation:

R},06

X

Px =

12.2 Determination of vapour pressure

The partial vgpour pressure, p,, is obtained by(the following equation when the air humidity is measufed by
means of a pgsychrometer at the fan inlet:

v =(pspt)y ~ Pa Aw(Ta = Tw) (1~ 0,001157,,)

where
Ty i$ the dry bulbtemperature, in degrees Celsius;
Ty i$ the wetbulb temperature, in degrees Celsius;

4,,= 6,6 kd974/°C when T,, is between 0 °C and 150 °C;

A,,=5,94 x 1074/°C when T, is less than 0 °C;

(psat)Tw is the pressure of saturated vapour at the wet bulb temperature 7,,.

Table 1 lists values of saturated vapour pressure (pg,,;) over the temperature range —4 °C to 49,5 °C.
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Table 1 — Saturation vapour pressure, p.,, of water as a function of wet bulb temperature, T,

Wet bulb Saturation vapour pressure, pg;, of water (above water)
temperature hPa

TW

°C 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
4 455 451 448 444 441 437 435 431 428 424
-3 4,89 4,87 4,83 4,79 4,76 4,72 4,68 4,65 4,61 4,59
-2 5,28 5,24 5,20 5,16 5,12 5,08 5,04 5,01 4,97 4,93
-1 5,68 5,64 5,60 5,56 5,52 5,47 5,44 5,39 5,36 5,32
-0 6,11 6,07 6,03 5,97 5,93 5,89 5,84 5,80 5,16 5,72
0 6,11 6,16 6,19 6,24 6,29 6,33 6,37 6,43 6,47 6,52
1 6,56 6,61 6,67 6,71 6,76 6,80 6,85 6,91 6,96 7,00
2 7,05 7,11 7,16 7,21 7,25 7,31 7,36 7,41 747 7,52
3 7,57 7,63 7,68 7,73 7,79 7,85 7,91 7,96 8,01 8,08
4 8,13 8,19 8,24 8,31 8,36 8,43 8,48 8,53 8,60 8,65
5 8,72 8,79 8,84 8,91 8,96 9,03 9,09 9,16 9,21 9,28
6 9,35 9,41 9,48 9,53 9,61 9,68 9,75 9,81 9,88 9,95
7 10,01 10,08 10,15 10,23 10,29 10436 10,43 10,51 10,67 10,65
8 10,72 10,80 10,87 10,95 11,01 14,09 11,17 11,24 11,82 11,40
9 11,48 11,55 11,63 11,71 11,79 11,87 11,95 12,03 12,11 12,19
10 12,27 12,36 12,44 12,52 12,61 12,69 12,77 12,87 12,05 13,04
11 13,12 13,21 13,29 13,39 18,47 13,56 13,65 13,75 13,84 13,93
12 14,01 14,11 14,20 14,29 14,39 14,48 14,59 14,68 1477 14,87
13 14,97 15,07 15,17 15,27 15,36 15,47 15,57 15,67 1577 15,88
14 15,97 16,08 16,19 16;29 16,40 16,51 16,61 16,72 16,83 16,93
15 17,04 17,16 17,27 17,37 17,49 17,60 17,72 17,83 17,06 18,05
16 18,17 18,29 1841 18,52 18,64 18,76 18,88 19,00 19,12 19,25
17 19,37 19,49 19:;61 19,73 19,87 19,99 20,12 20,24 20,37 20,51
18 20,63 20,76 20,89 21,03 21,16 21,29 21,43 21,56 2169 21,83
19 21,96 22,14 22,24 22,39 22,52 22,67 22,80 22,95 23,09 23,23
20 23,37 23,52 23,67 23,81 23,96 24,11 24,25 24,41 24 56 24,71
21 24,87 25,01 25,17 25,32 25,48 25,64 25,80 25,95 26 /11 26,27
22 26,43 26,60 26,76 26,92 27,08 27,25 27,41 27,59 2775 27,92
23 28,09 28,25 28,43 28,60 28,77 28,95 29,12 29,31 2948 29,65
24 29,84 30,01 30,19 30,37 30,56 30,75 30,92 31,11 31,29 31,48
25 31,68 31,87 32,05 32,24 32,44 32,63 32,83 33,01 33,p1 33,41
26 33,61 33,81 34,01 34,21 34,41 34,61 34,83 35,03 35,p4 35,44
21 39,09 39,6/ 36,08 36,28 36,49 36,71 36,93 37,15 37,36 37,57
28 37,80 38,03 38,24 38,47 38,69 38,92 39,15 39,37 39,60 39,83
29 40,05 40,29 40,52 40,76 41,00 41,23 41,47 41,71 41,95 42,19
30 42,43 42,68 42,92 43,17 43,41 43,67 43,92 4417 44,43 44,68
31 44,93 45,19 45,44 45,71 45,96 46,23 46,49 46,75 47,01 47,28
32 47,56 47,83 48,09 48,37 48,64 48,92 49,19 49,47 49,75 50,03
33 50,31 50,60 50,88 51,16 51,45 51,73 52,03 52,32 52,61 52,91
34 53,20 53,51 53,80 54,11 54,40 54,71 55,01 55,32 55,63 55,93
35 56,24 56,55 56,87 57,17 57,49 57,81 58,13 58,45 58,77 59,11
36 59,43 59,76 60,08 60,41 60,75 61,08 61,41 61,75 62,08 62,43
37 62,77 63,11 63,45 63,80 64,15 64,49 64,85 65,20 65,56 65,91
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Table 1 (continued)

Wet bulb Saturation vapour pressure, p.;, of water (above water)
temperature hPa

TW

°C 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
38 6627 66,63 6699 6735 67,72 6808 6845 6883 69,19 69,56
39 69,95 70,32 70,69 71,07 71,45 71,84 72,23 72,61 73,00 73,39
40 73,79 74,17 74,57 74,97 75,37 75,77 76,17 76,59 76,99 77,40
41 77,81 78,23 78,64 79,05 79,47 79,89 80,32 80,73 81,16 81,59
42 82,03 82,45 82,89 83,32 83,76 84,20 84,64 85,08 85,53 8p,97
43 86,43 86,88 87,33 87,79 88,25 88,71 89,17 89,64 90,11 90,57
44 91,04 91,52 91,99 92,47 92,95 93,43 93,91 94,40 94,88 96,37
45 95,87 96,36 96,85 97,35 97,85 98,36 98,85 99,36 99,88 100,39
46 100,89 101,41 101,93 102,45 102,97 103,51 104,04 104,57-..105,09 105,63
47 106,17 106,71 107,25 107,79 108,33 108,89 109,44 109,99 110,55 111,11
48 111,67 112,23 112,80 113,37 113,93 114,51 115,08  +1565 116,24 116,83
49 117,41 118,00 118,59 119,17 119,79 120,37 120,99(y121,57 122,19 122,80

Dsat May be optained by the following equation, between 0 °C and 30 °C:

17,438 T7,,
Psat = 4P

TR wW 64147
239,78 + T,

or, between 0°C and 100 °C:
Peat =610,8 + 44,442 T, + 1,413 3 T2 + 0,027-68 T, + 2,556 67 x 107 T} + 2,89166 x107° 72
The air relative humidity, 4,,, can also be direstly measured in order to obtain

Pyv= hu(psat)Td

where (pgt)7| is the saturation vapour pressure at the dry bulb temperature T4 calculated using the pbove
formula with 1, instead of 7,,,.

12.3 Determination of air viscosity

The following|formula*can be used in the range —20 °C to +100 °C to obtain the dynamic viscosity, in pascal
seconds:

p = (17,140,048 7,) x 107°

The kinematic viscosity vis given by the following equation:

v = £
P
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13 Determination of flow rate

13.1 General

The measurement of flow rate may be carried out in accordance with ISO 5167-1 and ISO 3966, and any flow
rate measurement obtained in this way conforms to the requirements of this International Standard.

This International Standard specifies different flow-metering methods which are appropriate for fan-testing
purposes, and in each case the associated uncertainty of measurement is given.

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

Two hasic flow-metering methods are permissible under these relaxed conditions: i.e. the) use¢ of an in-line
flowmgter or a traversing method.

13.2 [In-line flowmeters (standard primary devices)

13.2.1 The flowmeters which may be used are the multi-Venturi nozzles, the-orifice plate, and fthe conical or
bellmguth inlet.

The fifst two may be used at the inlet to or outlet from an airway as-\well as between two sections| of an airway.

The donical or bellmouth inlet may only be used at the inletyto an airway, drawing air from free space.
Multi-nozzles are only used within a test chamber.

The requirements for these instruments and for the simplified installations in which they may be used are
given n ISO 5167-1.

13.2.2 The general expression for the mass flow rate through an in-line differential pressure flpowmeter is as
follows:

2
asnd
I = 4 \2pulp

wherg

1°24

gl is the mass flow.rate, in kilograms per second;
d| is the throat diameter, in metres;

p|, s theipstream density, in kilograms per cubic metre;

Ap s the pressure difference, in pascals;

o is the flow coefficient;

e is the expansibility factor.
2Ry

Normally, &, should be the fluid temperature upstream of the flowmeter.
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When the flowmeter is at the inlet side of the fan to be tested

6, = Ogg

where

Py, Or Pg,

A

u

B OF Pey

AmCp

2

dm

2 2
245 p§ Cp

u-
u

is the power provided by any auxiliary fan;

is the area of the duct upstream of the flowmeter;

When the flov

Oy = O

The value of ¢

For a givend

g1 +

for an inlet orifice.
meter is at the outlet side of the fan to be tested

2
dm

2 2
24§ pic,

P

, or Py

qm

“p

. IS obtained by an iterative procedure.

bvice, ¢ is a function of the pressure ratio and « is a function of the Reynolds number. Vall

these coefficignts are given in Clauses 22 to 25, Tables 4 and 5, and Figures 19 and 21 to 23.

13.2.3 The
exceeding * 1

The values fo|
Clauses 22 tg
installation di
calibrated sta

13.2.4 In org
are given in H
pressure in th

13.2.5 Multi-

pressure difference across an in-line flowmeter ‘shall be measured with an uncertain
,4 % of the observed value.

I the uncertainties of the flow coefficient associated with each flow-metering element are g

25. It shall always be possible to reduce ‘the uncertainties associated with any in-line flow
ferent from those defined in 1ISO 5167-1 by calibrating the installation against an impro
hdard device in accordance with 1SO,;5167-1.

er to facilitate the selection_of-iype and size of flowmeter, the losses associated with eac
igure 3. Approximate values_for the pressure difference (expressed as a multiple of the dy
e downstream airway) whieh will be registered across each device are also shown.

approaching

\Venturi nozzles have-a relatively low pressure loss and a lower sensitivity to disturbances

es for

ty not

ven in
meter
ed or

n type
namic

in the

irflow. The orifice plate, in particular, incurs higher pressure losses, and an auxiliary boosfer fan

is required if the fan characieristic is to be extended to maximum volume flow. For tests at one or more
points on a fan characteristic, an orifice plate can, simultaneously with the flow measurement, contfol the
pressure drog, and this‘can be a useful property.

13.3 Travense-methods

breset

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 (see
Clauses 11 and 25).

In standardized airways, a Pitot-static tube conforming to the requirements of ISO 3966 (see Figure 24) shall

be used.

32
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0 0.2 0.4 0,6 08 X
] pressuire loss
-------------- pressure difference
Key

X ratio of throat diameter to downstream duct diameter(d’ = d/D)

Y  stagnation pressure loss or pressure difference relative to downstream dynamic pressure

1 conical or bellmouth inlet
2  orifice plate
3 both units with 15° angle diffuser included

NOTE The curves are from ISO 5167-1.

Figure 3 — Pressure loss and pressure difference of standard primary systems
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14 Calculation of test results

14.1 General

Specific instructions for the calculation of fan performance from measurements at a single test point are given

in Clauses 18

to 33 depending on the test method used.

The method of calculation in the general case of compressible fluid flow is explained in this clause.

14.2 Units

The units thrg
these units: p

14.3 Tempe

14.3.1 In thi
stagnation va

high velocities.

The static ten
calculate the

14.3.2 The {
as adiabatic,

energy increa
upstream of t
O,

a

@sg1 =
except when

14.3.3 The s
stagnation te|

&@.

ughout these calculations shall be the Sl units given in Clause 4. The results will then alsg
fessure in pascals; power in watts; and volume flow in cubic metres per second.

rature

5 International Standard, the mean temperature measured at section y-is @ssumed to |

ue, ngx, rather than the fluid temperature or static temperature, @, cwhich is slightly lo

hperature, ©,, is determined in accordance with 14.4.3.1 and used in the fluid state equa
jensity.

ehaviour of air in the test airways for the provisions of this International Standard is cons
pecause the air is taken from the atmosphere and because of the absence of heat or mech
se, except in the test fan. Consequently, the stagnation temperature, &, in all sg
ne fan tested shall be considered constant and egual to the ambient temperature at the te

sg3 = O,
hn auxiliary fan is used upstream of a test chamber or test airway.

tagnation temperature at the fan outlet, 6,5, and in the downstream airways is equal
hperature at the fan inlet{increased by the temperature rise through the fan which is deps

upon the impegller power, P, the mass,flow rate, ¢,,, and the heat capacity of air at constant pressure, Cp

@sgz =

NOTE In{

P or P
Osgt + ———< 7 Osgs
qup
he above €quation, ¢, can be taken as 1 008 J/(kg-K) as a first approximation for air.

p

be in

be the
ver at

ion to

dered
anical
ctions
5t site,

to the
ndent

P, should be rleplaced by the electric input power P, when the motor is wholly immersed in the airstream

14.3.4 When the above conditions do not apply, for instance if the impeller power is not measured, the
stagnation temperature shall be measured by a measuring device (e.g. thermometer) inserted into the airway
in accordance with 8.2 at a point where the velocity does not exceed 35 m/s provided this is reasonably close
to the relevant section.

14.3.5 The fluid temperature at section x, 6,, is less than the stagnation measured or derived temperature at

that section. It is expressed in terms of the Mach number, Ma,, and of the stagnation temperature, &,,, as:
(&} -
% =1+ x-1 Ma)%

X

The ratio 6,,/6, is plotted in Figure 4 as a function of Ma,.

34
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g A k=14 R, =288 JI(kg - K)
X
®U)
E
= fo /
7
1,06 7
fux = f(Ma,) @SQX/@X= f(/l/lax)
/
/
,l
/
1,05 /
/.
1,04 /,/ //
s
/
1,03 / //
/| )
4
/A
/| / Osgx O
1,02 , //
I//
,/
/ /
1,01
y.d //
77
=
1 _E"&/r >
0 0,1 0,2 0,3 0,4 0,5(Ma,
Key
Ma, Mach number at section x
e Mach factor

@Sg/@x temperature ratio

Figure 4 — Changes in fy;, and the ratio 6,,,/6, as functions of Ma,
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Because Ma,
the mass

the stagn

the press

is usually unknown, @, shall be calculated from
flow rate, g,

o,

ation temperature, &g,

the section area, 4,

ure, p,, or the stagnation pressure at section x, pg,, in accordance with 14.4.3.

14.4 Mach number and reference conditions

14.4.1 Genel

When carryin
is sufficiently
neglected. Fg

al

j out low-pressure fan tests using standardized airways, it is usually agreed that the.air v
low that its influence on parameters such as gas pressure, temperature and (density ¢
r high- or medium-pressure fans, a distinction shall be made between the stagnation a

blocity
an be
nd the

static values |of pressure, temperature and density, unless the reference Mach numbeéryis less than| 0,15,
corresponding to a velocity of standard air of 51,5 m/s.
The Mach number of 0,15 is considered as the limit above which this distinction shall'‘be made.
14.4.2 Refer¢nce Mach number
In order to ohtain a rapid evaluation of the limit above which compressibility phenomena due to air velocity
shall be taker] into account, the reference Mach number, Ma,, ., is defined as:

Ma2 . Vm2 _ 9m _ qdm

retr T - -
Cref A2pa\/KRw@sga A2psg1\lKRw@sg1

It is assumed that the air reference conditions are those in the test enclosure. The reference Mach number
limit above which a distinction between the stagnation and static values of temperature, pressure and density
shall be madg is regarded as equal to 0,15.
14.4.3 Mach|number at a section x, Ma,
This is definef as the mean velocity.at section x, v, ., divided by the velocity of sound c, at the same sgction,
i.e.

Ma, = 1™ = ¢m

X
Cx Axpx KRW@x
where
- _Px
'Dx RW@x
dm
V, =
mx Ax,ox
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14.4.3.1 Calculation of Ma_and ©, when p_and 6,

sgy are known

Assuming that

2
2 qdm J Kk -1 ngsgx
M = |2 . . >
Ay 2K pe

and

ISO 5801:2007(E)

The ratio 6;,,/6, and Ma, are plotted as functions of M? in Figure 5.

14.4.3.2 Calculations of Ma, and &, when pg,, and O, are known

Sgx

Assuming that

2 2
Maggx = Im = Im

2 2 T2
Ay Plsgr KRy BOsgy A} K Psgy Psgx

the Mach number Ma_ is given by:

Ma, = Magg, \/(1 + 1217 Mady, +:$369 Magg, + 10 Maly, )

For xF 1,4 and Magg, < 0,45

@ _
—ng =1+ KT1M02

X

X

Figurg 6 shows Mag/Md, plotted against Mag,.
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Figure 5 — Changes in Ma, and the ratio 6;,,/0, as functions of M?
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»

9

1.1 /

1,05 /
/

0 0,1 0,2 0,3 04

Figure 6 ——Changes in the ratio Ma,/Magy, as a function of Mag,

14.4.4 Calculation of the-density, p,, at a section x and mean velocity, v,

0,5

If the Mach numberyMa,, is calculated in accordance with 14.4.3.1 or 14.4.3.2, the ratio Oy, /O,

follow|ng equationt

@ —
SIS g4 B 1Ma§
O, 2

X

5 given by the

and

K
Psgx @sgx 1
Px
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and

Psgx
Px

The mean vel

_ Osgx
O,

X

L
} k-1

ocity in section x may be determined by the following equation:

dm

vV =

mx Ax,Dx
where

il 1
poo Mo, [Ger kT Psgr [ Gsgr |x
*ORj6, e, Ry6sq, | O,

14.5 Fan pressure
14.5.1 The fan pressure, py, is, by international agreement, defined as the difference between the stag

pressure at th
Pf = Psg
The stagnatio]
Psgx = P

where the cor

1 2
prvmx
with
__P
px - RW

The Mach fac

e outlet of the fan and the stagnation pressure at the inlet of the fan, i.e.

p — Psgl

h pressure, pgg,, in any duct or chamber section x (with an area, 4,) is given by
+ PxMx

ventional dynamic pressure, pg,, at section x is defined by

]2

1

|

2p

Im
A

X

)

X

tor, fyfor pressure correction is given as a function of Ma, by the equation

nation

f Pége=— Dy 1 Mﬂf Mn4 M/I?
= =1+ +
M=o 4 40 1600
prvmx

for x=1,4 (see 3.4).

Sy is plotted i

NOTE 1

n Figure 4 as a function of Ma,.

The difference between the gauge stagnation pressure, Pesgy at section x of the test airway and the total

pressure, p,,, used in earlier standards is very small at low velocities when the Mach number, Ma,, is less than 0,15

(= 0,006 py,).

40
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NOTE 2  The fan pressure may be also defined as the difference between the gauge stagnation pressure at the outlet
of the fan and the gauge stagnation pressure at the inlet of the fan.

Pf = Pesg2 — Pesgt = Pe2 + Pd2/m2 — (Pe1+ Par/wn)

where p.4 <0.

14.5.2 The fan static pressure p is, by international agreement, defined as the difference between the static
pressure at the outlet of the fan and the stagnation pressure at the inlet of the fan.

Psf = P2 ~— Psg1

When|pgg,. Osg,. 4,, and 4, are known for a section x, p, is calculated by the following methog.

After the determination of Ma_ in accordance with 14.4.3.2, p_is given by:

Psgx p
Hx = = Psgx —

1
— Psgx
[1 + x-1 Ma,%j’(_1
2

&:(1 + K_1Mafj’(_1
Psgx 2

and is| shown in Figure 7 as a function of Ma,

and

2
AN
Hx = Psgx — Pdr/Mc = Psgx — 20 (A_m] e
x

X

with fi; . being determined in accordance with 14.5.1 and Figure 4.
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Figure 7 — Changes in the ratio p, /pg,, as a function of Ma,
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14.6 Calculation of stagnation pressure at a reference section of the fan from gauge
pressure, p. , measured at a section x of the test duct

Assume that

A, s the area of the fan inlet or outlet section (n = 1 for inlet, n = 2 for outlet), and

A_ is the area of the measuring section of the test duct (x = 3 for inlet, x = 4 for outlet). (See Figure 8.)

X
A, 3 A1/4\A2 3. A,

I I
l|/ L *Ill
—> 4 g—>
I
1 Il
1 2
Key
1 gn
2 flpw straightener
3  sfatic pressure measuring planes
4  rdference planes
Figure 8 — Measurement and reference planes
The apsolute pressure at section x is given by:
P} =DPext Pa
and, i accordance with 14.4.3.2,
6sgx = @sgn
Ma, apd 6, are calculated(n accordance with 14.4.3.1
Py
ﬁ =
* RW@x
Im
W =
mx Axpx
The stagnation pressure at reference section » is given by
1 2
Psgn = Px +§ P it My |:1 + (Sgn—x)x :|
where
(&, s is the energy loss coefficient between section n and section x calculated for section x in

accordance with 28.6;
(&,_ )y > 0 for an outlet test duct;

(&,_ ), <0 for aninlet test duct.
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NOTE1  p,, is negative for an inlet test duct or an inlet chamber.
NOTE 2 It is possible to write:
1 2
Pesgn = Pex t E PxVmxSMx |:1 + (én—x)x :|

The fluid or static pressure in a reference section of the fan, pgs, is calculated in accordance with 14.5.2 from

Psgn ngn and

A,

14.7 Inlet volume flow rate

The methods
q,,- In the abs

The inlet volu

A
Qysg1 =
vsg P

where

A

Psg1 :R

14.8 Fan ai
Three method

the first d

the two d
into acco

These three n

14.8.1 Calcu

We can say:

of flow measurement in this International Standard lead to a determination of the mass-flo
ence of leakage, ¢, is constant throughout the airway system.

>g1

Vsg1
(oA

g1

r power and efficiency

s are proposed:

erived from the concept of work per'unit mass;

thers based on the concepts of volume flow rate and pressure with a correction factor t
unt the influence of fluid compressibility.

nethods give the sameresults within a few parts per thousand for a pressure ratio equal to

Jation of fan air-power and efficiency from fan work per unit mass

me flow rate can be expressed as the volume flow rate under inlet stagnation conditions, i.¢.

w rate

b take

1,3.

44
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and
D1
L1 RO
P2
P2 R O,

p1 and p, being calculated in accordance with 14.5.2.

: o e P
The fgrmrairpower P isequat-totheproduct 7, 7.

The various efficiencies are calculated from P, and the various types of power supplied to-the fan, i.e.

=

hpeller power, P,

|
n

naft power, P,

|
3

otor output power, P,

— motor input power, Pg;
P,
yh =4
Pr
P,
a =
Pa
P,
o =4
PO
P
e =4
Pe

14.8.3 Calculation of fan air power and efficiency from fan volume flow rate and fan pressure

We cgn say:

Ny

u = 9rsglli kp

wherg

9 bset is the volume flow rate at inlet stagnation conditions;

Ds is the fan pressure, pgqs — psg1;
ko is the correction factor for compressibility effect.
The various efficiencies are calculated from the various types of power supplied in the same way as in 14.8.1.

Two methods for the calculation of the coefficient k, are proposed. They give exactly the same results.

NOTE The fan air power calculated by this method is always less than that calculated in accordance with 14.8.1
(=2x1073t0 3 x 1073).
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14.8.2.1 Calculation of compressibility coefficient, ko

The pressure ratio r is calculated as

)4
Psg1

r=1+

where

ps is the fan pressure according to 14.5.1;

Psg1iS the stagnation pressure at the fan inlet.
Assuming that

K—1.psg1Pr_K—1. P

Zy =
K qm Pt K dysg1 Pf
kp is given by
Zlo r
b = k19910

® logfo[1 + Z (r - 1)]
and is plotted|in Figure 9 as a function of the pressure ratio » and.6fthe coefficient Z,.

NOTE k,

b fNd Psq1/Pmsg differ by less than 2 x 1073, where pngd = (0sg1 + Psgo)/2-

The compressibility coefficient k, may be also determined using the following equation:

" In (1+x) Zp

"k m(1+2,)
where
x:i:r—']
Psg1
and
kK 1d B
Zp=

K 4ysgl Psgl

kp is plotted in Figure 10 as a function of x and Zy-
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Figure 9 — Graph for determination of the compressibility coefficient, ko
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Figure 10 — Graph for the determination of the compressibility coefficient, ko
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14.8.2.2 Determination of the fan work per unit mass from the fan air power, P

The fan work per unit mass 7, may be determined using the following equation:

W = i = —Pu
9m  49vsgl Psg1

where

k= Qysgt Pf kp

in accprdance with 14.8.2 and 14.8.2.1.
14.8.3 Conventional static efficiency

14.8.3.1 Calculation of fan static air power and of static efficiency from fan'Static work per unit mass

We c3gn say:

_ 2
Py =Py v

M/‘ - @ =
ms P 2
wherg
ptp,
=%

The fgn static air power is equal to the product ¢;, 7, s therefore
Ris = 4uWs
The various efficiencies are calculated from P in the same way as in 14.8.1.

14.8.3.2 Calculation of the fan static air power from the fan volume flow rate and fan statjc pressure

The fgn static power js-given by the following equation:

his = Qysgi Psf kps

where kps iscalculated in accordance with 14.8.2.1,
and
ro= 14 Lsf
Psgi
x =Bt —
Psg1
and
-1 Psg1tr
Zk _ K sglir
K qm Psf
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and

7 K

-1 A

p

K 4ysg1 Psg1

Static efficiencies are determined from P in accordance with 14.8.1.

NOTE

14.8.3.1 (2x 1073 to 4 x 1079).

14.8.3.3 De

The fan static

A
Wins =

q

3 ms?

w

work per unit mass, W,,,

is determined using the following equation:

P,

S _ us

b 4vsgl Psg1

14.8.4 Determination of the kinetic index at the fan inlet, i 4, or at the fan outlet; i,

The kinetic in
— at the fan
oo
k1= o
— at the fan
iy = "
k2 = 5p

lex, iy, is given by the following equations:

inlet:

14.8.5 Refer¢gnce Mach number Ma,; less than 0,15 and fan pressure p; less than 2 000 Pa

The fan static power calculated by this method is always greater than that calculated in accordance with

Is

ay be

In this case,

— the Mach factor f,  may be-taken as 1,

— the statiq and stagnation inlet temperatures and the static and stagnation outlet temperatures m
taken as|equal,.and, in the absence of an auxiliary fan upstream of the test fan, equal to the ambient
temperatpre:

O O =07 =05y =3 =gz == =17 27315

the air flow through the fan and the test airway is considered as incompressible,

labelled 3 and 4 in Figure 8.

14.8.5.1

Pu = Peu

50

Determination of mass flow rate

+ Pa

in the presence of an auxiliary fan, the airflow is considered as incompressible between the planes
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= pu
Ry 6y

However, the Reynolds number correction on the flow coefficient of the flowmeter « should be applied after a
first determination of the mass flow rate and the corresponding Reynolds number.

14.8.5

.2 Determination of the stagnation pressure at section x, pg,

Py = Pex T Pa

or

ae]

wherg

in the

with a

14.8.
pres

In acc

X

2
1 (¢
esgx — Pex T 2_p1 (A_m]

1 = pa = pa = p
a
Rw@sg1 Rw@a

h auxiliary fan upstream of the test fan,

1=P2=P3=P4=m

.3 Determination of the stagnation pressure at a reference section of the fan fro
re measured at sectionx, p,,

ordance with 14.8.5
sgn = Px K %p’lvr%x |:1 + (‘fnfx)xj|

2
=02 T %m[%j [1 + (Sgn—x)x:|

m the gauge

The gauge stagnation pressure at section » is given by the following equation:

2
Pesgn = Pex Tt L [%J |:1 + (égn - x) x:|

2p4

X
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14.8.5.4 Determination of the static pressure at a reference section of the fan

In accordance with 14.8.5 and 14.8.5.2

Pn = Psg

Pn = Psg

1 2
n5p1vmn

2 2 2
] (A » _ 1 | dm
" 2pq\ 4, ) L4, 9" 254\ 4,

which may als

) 20,2 ) 2
_ e | A 2 1 m
Pen = Pasan 2p4 [ij [A ) Pesgn 2p4 {A j

14.8.5.5 Caljculation of fan pressure

The fan pressg

Pf = Psg

Pst = P2

14.8.5.6 Determination of fan air power, P,

The fan air pg
By =qys

Fis =aqy

The various ¢
with 14.8.1.

1 d
U DC WITUCTI

n n

ure, ps, and the fan static pressure, pg, are given by the following equations:
P — Psgl = Pesg2 ~— Pesgl

~ Psgl = Pe2 ~ Pesgl

wer, P, and the fan static air power, P, are calculated by the following equations:

us’

1Pf

g1 Psf

fficiencies are calculated.from P, or P and the various types of power supplied in accorn

15 Rules

The test resu
measuremen

r conversion of test results

s can only’be compared directly with the guaranteed values if, during the acceptance tes
s of the-performance of the fan are taken under the conditions specified.

dance

driving conditi

ons on the test airway as specified in the operating conditions.

Only the results converted to these operating conditions may be compared with the specified values.

For very large fans, model tests may be conducted in standardized airways when a full-scale test is

impracticable

owing to the limitations on power supply or dimensions of standardized test airways.

15.1 Laws on fan similarity

Two fans which have similar flow conditions will have similar performance characteristics. The degree of
similarity of the performance characteristics will depend on the degree of similarity of both the fans and of the

flows through

52

the fans.
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15.1.1 Geometrical similarity
Complete geometrical similarity requires that the ratios of all corresponding dimensions for both fans be equal.

This includes ratios of thickness, clearances and roughness as well as the other linear dimensions for the flow
passages.

All corresponding angles shall be equal.

15.1.2 Reynolds number similarity

ReyngtdsTmumber—simitarity s mecessary - imorderto—keep refative—thickmesses—of boundaryayer, velocity

profiles and friction losses equal.

uD, p uD, p
ﬁeu _ r Fsgi _ r ¥sgl

H HR\y, Oyq

When|the peripheral Reynolds number increases, the friction losses decrease;
Therefore efficiency and possibly performance may increase.

A diffgrence in efficiency of 0,04 (4 %) may be obtained for a Reynolds numbers ratio equal to 2(Q.

15.1.3 Mach number and similarity of velocity triangles

In order to keep velocity triangles equal, variations of pressure, velocity and temperature through the fan must
also be the same.

For pgripheral Mach numbers higher than 0,15,important differences may arise if the Mach number is not kept
equal [for test and specified conditions.

For faps, the peripheral Mach number is'given by

Y
Ma, = P

! |KR\, O

When(this Mach numbet.inCreases, the peripheral Reynolds number increases, as does the fan pressure.

When|the fan pressire increases, py, increases, while k, and the ratio psy1/pysg both decrease. The velocity
triangle similarity\is no longer respected and losses increase.

This i$ why)\when the Mach number increases, fan performance and efficiency first improve and then tend to
deteriprate:

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

As the compressibility coefficient, £, defined in 14.8.2.1 and 14.8.2.2, is close t0 pgy1/pmsq, it can be used to
represent the density variation through the fan and to characterize the similarity of the velocity triangles.

NOTE There are never shock waves in fans: Ma, 0,7.
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15.2 Conversion rules

The subscript Te is applied to the test measurements and test results, and the subscript Gu to the operating
conditions and performance guaranteed by contract.

Figure 11 shows the permissible variations of the ratio, Re 1./Re g, as a function of Re g, and Figure 12
gives an indication of the variations of the ratio, ng/nt,, as a function of kyg, and Ak,

where

Aky =kpgy — kpTe

3 A

q):

x

S

)

< /
20

3 P
10 /’
5
2 // 1
1
—_—
0.5 \\\
O 3 — —
0,2 \\ \
0,1 \
0.05 \\
10* 10° 10° 10 10% |Re q,

Key
1  permissible zone
2 limit zone
3 unacceptdble zene

Figure 11 — Permissible variations of Re 1./Re g, as function of Re g,
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£ k=14 R, =288 J/(kg - K)
09> Ma >0,7
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15.2.1 Conversion rules for compressible flow

There is insufficient evidence to establish universal rules for the conversion of fan performance from a test to
a specified condition involving a change in the compressibility coefficient ky of more than + 0,01 and which
may be as great as 0,06.

15.2.1.1 Conversion rules for a change of more than £ 0,01 in the compressibility coefficient, kp

These conversion rules can be represented by the following equations, in which ¢ is an exponent which may
vary from one design to another. Values from 0 to —0,5 have been demonstrated, but it is the responsibility of
the manufacturer to test sufficient sizes and types to determine the exact value.

A type-test is|[recommended (which may be at model scale) to determine the range of pressure ratio, f, and
the range of fan characteristics on either side of the best efficiency point, over which ¢ may be_fegarded as
constant withgut unduly increasing the uncertainty of performance prediction.

An agreemen} between purchaser and manufacturer is needed to apply these conversionrules.

The compressibility coefficients k,g, and kpsGu after conversion may be found from the-following approximate
equations, which are correct to within a few parts per 1 000:

nte Dite RucuOsgicu | Kou | 1-%1e (1-7r)

2
1 - kpals _ [ "cu D.gy RyTe Osg1Te | k16 | 1-%Gu (1_’7r) S\ 2
1= kot c

2
1- kps(:u _ (”Gu Dreuj RwTe @sg1Te KTe 1_’(Gu (1_775r) -k 2
= = Kgs
nte Dyte RuwcusgiGu | Kau 1-Kie (1 - Usr)

1 - kps"e

where 77is 77, pr 7.

The fan performance after conversion may then be found by the following equations:
3 q

9ysg1 Gu| _ Mgy [DrGu ] kpau
qysg1 Te nte \ Dite kae

2 2 k -1
PiGu _ [”Gu j (DrGu ) PsgtGu pGu
PfTe nTe D1 Psg1Te kpTe

2 2 k -1

PsfGu _ [”Gu j (DrGu ] Psg1Gu psGu
PsfTe nTe Di1e Psg1Te kpsTe

3 5 q
Feu _ | Peu ] [DrGu j Psg1Gu kpcu
Fte Te Dite Psg1Te k pTe

The Reynolds number, Re,, shall be within the limits of Figure 11.

These expressions are established in the case of change in:
— rotational speed, N, or rotational frequency, #;

— impeller diameter, D,;

— gas: R, K;

— inlet temperature, 6,4, and density, pgy4.

gt
NOTE Simplifications may be introduced as functions of the parameters which may be regarded as constant.
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15.2.1.2 Conversion rules for a change of less than + 0,01 in compressibility coefficient «,

In the limits of the peripheral Reynolds number allowed according to Figure 11, and for incompressible flow,
the simplified conversion rules may be used as detailed in 15.2.2.

15.2.2 Simplified conversion rules for incompressible flow

When the fan pressure for test and guaranteed conditions is less than 2 000 Pa, k, is close to 1, and the
following simplified expressions may be used for the calculation of converted performance

3
Vsgl Gu {nm. \ (Drr‘..\
Qvsg1 Te Te J
Ricu _ [”G rGu PsglGu | _ PsfGu
PfTe nT rTe Psg1Te PsfTe
Fcu

_ [”Guj [DrGu] Psg1Gu
e nTe Dr1e Psg1Te
15.2.3 Shaft power and impeller power

The neasured and specified input powers will usually be the fanshaft power P 1, and P .

It may| be necessary to estimate the bearing losses Py, atug, and Py, at ng, and to use the rejations

~~

iTe = FaTe — PbTe
and
Hacu = Feu + Pocu

in order to carry out the conversionsspecified in 15.2.

Howeler, the error incurred by assuming

_PrGu _ Pacu
PrTe PaTe

will ndt exceeddhe following, as a percentage,

DO

OO(nGu - ”Te) Py

which is often negligible.

16 Fan characteristic curves

16.1 General
This clause deals with the graphical representation of the test results on a single fan.

Graphs representing the performance of a series of fans over a range of speed and size by means of
dimensionless coefficients or otherwise are outside the scope of this International Standard.
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16.2 Methods of plotting

The actual test results, or the results after conversion according to the rules given in Clause 15, shall be
plotted as a series of test points against inlet volume flow. Smooth curves should be drawn through these
points, with broken-line sections joining any discontinuities where stable results are not obtainable.

The results of conversion according to the rules given in Clause 15 may be used, provided those changes
which are outside the conversion limits given in 15.2.1 are clearly indicated on the plotted curves.

For fans for which the fan pressure is more than 2 000 Pa, indications of the fan outlet density shall be plotted
using the ratio pylpggq OF &k, = p1lp,,.

16.3 Chara(

Fan characte
the rules give
which should

Psg1Gur

The fan pres
pressure corr

dysgt- The fan efficiency, 7,, and/or the fan static efficiency, 7, or their shaft power equivalents may a

plotted.

An example is

16.4 Chara(

Characteristig

driving meang.

The driving 1
frequency for
characteristic
within the Re
motor input p

Cteristic curves at constant speed

istic curves at constant rotational speed are obtained from results converted in accofdang
n in Clause 15 to a constant stated rotational speed, Ng,,, to a constant stated density, g
unless otherwise agreed, be 1,2 kg/m3, and to a stated absolute inlet stagnation pre

sure, pr, and the fan static pressure, pg, or either one of them together with the fan dy
ected for the Mach number effect, py, fio, shall be plotted against the inlet volume floy

given in Figure 13.

cteristic curves at inherent speed

A

g

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

neans should be operated under-fixed and stated conditions, e.g. at the rated voltag
an electric motor. The rotational’speed should also be indicated on the fan perforr
curve plotted against the inlet wolume flow rate. Conversion to another air density is perm
ynolds number criteria givenyin' 15.2 provided the rotational speed is corrected with resp
pwer by use of performance data on the driving means.
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Key

Ps

Pst
qug1
U

16.5

& A ' VO
& 1400 =
n=48r/s
Py G vegr = 1,2 kgim®
1200 <-‘\‘
/ psf \
1000 \\ \\ 10
\ X _
800 V ~ ~ 77X 8 80
Msr
e &\
600 / \X’ 6 1 po
P. - \
/ -~ \
400 — \ 4 1 ko
//
P
er/ \
200 — 2 1 po
< 1 -
0 1 2 3 4 5 6 Guey

working range

fan shaft power, in kilowatts

fan pressure, in pascals

fan static pressure, in pascals

fan inlet volume flow ratein cubic metres per second
fan efficiency, as aspercentage

fan static efficiency, as a percentage

Figure13 — Example of a set of complete, constant-speed, fan characteristic cunves

Characteristic curves for adjustable-duty fan

Adjus

able-duty fan characteristic curves are required for fans having means for altering their performance,
such as variable-pitch blades or variable inlet guide vanes. A family of constant speed characteristic curves at
1,2 kg/m3 inlet density is recommended, selected at suitable steps of adjustment over the whole available
range of volume flow rates. Efficiencies may be shown by means of smooth contours drawn through points of
equal efficiency on the fan pressure characteristic curve. An example is given in Figure 14.

© 1SO 2007 — All rights reserved
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Q A Q:
15
n=49rls 7 1
qv..,=12kgm? —
= -~ 7\ 28°
| 10
_— ~L | o
- _—_/ - \\200
_ \1 6° \\
— N\ N\ 5
— 12° N
8° N\
N
N
N
1500 —N\ 0
3 )\ N, 75 %
N WD
NN
\ 7 X4
1000 \ NN >
TR 10 W X 28"
AN
o N o o —
8° N\\12°| \6 N o
~ 4 p— \ 5&
500 = —— -
4 \ TR L
| C S
\‘ \ ...... | PYE
0 2 4 6 8 10 q Vsg
Key
1 impeller|power curves at different-blade pitch angles
2 fan presgsure volume curves at(different blade pitch angles
3 fan totall efficiency curves, f;
4 fan dynamic pressure atyoutlet, py,
Ds fan pressure, in pascals
P, impeller|power,.dnKilowatts
qysqr fan inletlvolumeflow rate, in cubic metres per second

£ h—F teof-ci teristi ¢ tustabledatyf
16.6 Complete fan characteristic curve

A complete fan characteristic curve extends from zero fan static pressure to zero inlet volume flow rate.
Only part of this curve is normally used however, and it is recommended that the supplier should 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 at inlet or outlet.
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16.7 Test for a specified duty

Tests for a specified duty should 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 stagnation or
static pressure.

A system resistance line should also be drawn, passing through the specified duty point, and such that the
stagnation or static pressure varies with the square of the inlet volume flow rate (see Figure 15).

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

Deviations or tolerances should be determined in accordance with the planned Internatignal Standard
concerning fan tolerances.

S A
1400
/
1200 /

1000 N

800 /

600 \t/ \

400 /

/
200 7

0 = —
0 1 2 3 4 5 6 q Vsgt
Key
1 specified duty: 3,4 m3/s at 1 100 Pa
2 fan pressure volume characteristic curve
3 system resistance curve, p; o qzng1
Ds fan pressure, in pascals

dysqr  faninlet volume flow rate, in cubic metres per second

Figure 15 — Example of test for a specified duty
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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 inc

udes an excellent discussion of uncertainty analysis that can be applied to all aspects

testing, not jlist fluid flow measurements. The concepts contained in 1SO 5168 provide the Mbasis f

following.

In this Interna

tional Standard, 95 % coverage is required.

17.2 Pre-te

t and post-test analysis

A pre-test ungertainty analysis is recommended to identify potential measutement problems and to
design of the most cost-effective test. A post-test uncertainty analysis is required to establish the quality

test. This ana

ysis will also show which measurements were associated with the largest errors.

17.3 Analysgis procedure

A rigorous u
concerning th
as many as 1
or more mea
components {

The procedur

e instruments, calibrations, calculations and other factors. There are at least five (and pe
5) parameters that can be considered the results of a fan test. Each result is dependent g
surements. Each measurement can hayve-five or more components of uncertainty. All of
hould be considered in an uncertaintycanalysis.

e outlined in ISO 5168 includes the following steps:

of fan
br the

bermit
of the

hcertainty analysis for a fan test requires sighificant effort as well as detailed inforination

rhaps
n one
these

a) list all posgsible sources of error;

b) calculate|or estimate, as appropriate, elementary errors for each source;

c) for each measurement, combine separately the element bias limits and the element precision indi¢ges by
the root-gum-square (RSS) method;

d) for each parameter,/propagate separately measurement bias limits and measurement precision indices,
either by|usingisensitivity factors or by regression;

e) calculatelthe’uncertainty for each parameter;

f)  establish the uncertainty interval for each parameter.

NOTE In addition to measurement errors, there may 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 personal errors into an uncertainty of a measurement. It also details
how to propagate various measurement and other uncertainties into an uncertainty of a result. It is important
to maintain a separate accounting of precision indices and bias limits, even though they may be combined in
the ultimate calculation.
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17.5 Reporting uncertainties

The test report should state the following for each parameter of interest:

a) the test value of the parameter;

NOTE

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

b) the precision index and associated degrees of freedom, v;

c) the_hias limit:

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

a) R|=gq,=5m3s

b) s+ 0,05mds V=35

¢)  Bl=0,025 m%s

d = .B?+ (tgss)2 (U corresponds to Uggg in 1ISO 5168)
g = \/0,0252 + (2,57 x 0,05)° = 0,131 m%/s
then
U 0,131
u = — = ——
R 5

17.6

This Ipternational Standard (ists certain requirements for measuring instruments. These include

and le

must be used to calibrate,the instrument before and after the test. None of this information is giv|

precis
at the

supplied by andnstrument manufacturer.

Table

measyired, either directly or indirectly, during a fan test. The instrument (or combination of instr

Maximum allowable uncertainties measurement
gibility of the instrument itself and, in some cases, similar information about the working s
on index and.bias limit, nor is coverage stated. However, values may be assumed to be f

95 % confidence level. The same assumption is usually justified when interpreting t

2 contains a summary of maximum allowable relative uncertainties for each of th

the accuracy
andard which
en in terms of
or uncertainty
echnical data

b parameters
uments) used

to det
combi

ermine—theparametervatue mustbe—sufficientty accurate sothat-whenmthe—various—error
ned, the resulting uncertainty will not exceed the value given in Table 2.
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Table 2 — Maximum allowable uncertainties of measurement of individual parameters

Parameter Symbol Relative uncertainty Remarks Clause or
of measurement subclause
Atmospheric pressure Pa Upg =% 0,2 % corrected for temperature and altitude 6.1
Ambient temperature o, Uga=10,2% measured near fan inlet or inlet duct, 8.1
or in a chamber where the velocity is
less than 25 m/s (0,5 °C)
Humidity h, u,,=+0,2% uncertainty in air density due to an 8.3
uncertainty of £ 2 °C in (T4 — T,,) for
Ty=30°C
Gauge pressufe De Upe =% 1.4 % static pressure greater than 150 Pa: 6.2
combining 1 % manometer and 1 % 6.3
reading fluctuation uncertainty may be
reduced to 1 % or less for
high-pressure fans as a function'of
fluctuations
Differential prgssure Ap uy,=+14% as for gauge pressure 6.2
6.3
Rotational spefed of N uy=%20,5% may be reduced 108042 % by use of 9
impeller electrical scanning
Rotational fredquency of n u,=+0,5% as for rotational speed 9
impeller
Power input P, up,=+t2% measured by torquemeter or 10
tweswattmeter method;
uncertainty according to class of
wattmeter and transformer
Area of a nozZ4e throat Ay u=+0,2% u;=0,1%
Area of a duct A, uy, =0,5% up=0,1% 11
Mass flow rate . Ugm 22 to|25
17.7 Maximum allowable uncertainty of results
The different parameters comprising the results of a fan test are listed in Table 3. Also listed is the maximum
allowable relgtive uncertainty-for each result, if the test is to qualify as a test conducted under this International
Standard. Befter quality, (Iower uncertainty) results might be attainable by using instruments with groven
uncertainties |ower than‘those required to satisfy the requirements of 17.6
The uncertainties, in Table 3 are based on the 95 % conﬂdence Ievel PreC|S|on indices and bias limits gre not
should

separately sta

include an uncertamty analysis. The precision indices and bias limits should be I|sted separately in such an

analysis.

64
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Table 3 — Maximum allowable uncertainty for the results

Parameter Symbol Relative uncertainty Remarks
. . . o
Ambient density Pa Ua=10,4% M +up§
Fan temperature rise AO ur9=%12,8% 2
Upr + Ugp
Outlet stagnation temperature Osg2 Ugsg2 =1 0,4 % Upg AO
Osqo
Outlelotugnutiu.. density yaSs YA oy
Dynarpic pressure Pd2 U,go=1t4 % 2
pd2 \/4uqm+4uA U
Fan pfessure s u=+1,4% =g
. 0 >
Fan a|r power P, upy=%12,5% — %
. s =+ 0, >
Fan efficiency 7 up=132% /upu + u‘rz
Fan flow rate qm Of qy Uy OF gy 2R % See individual clausgs for various
flow-measurement mlethods
18 Selection of test method

18.1

The f§

Classification

n to be tested shall be classified accordingyto one of the four categories specified in 18.2

The supplier

should state the category of installation for.which the fan is intended, and the user should sglect from the

categ

18.2

The fd

|
(¢

|
(¢

|
[¢]

|
(<]

Installation categories

btegory A: free inlet, ffee outlet;
ptegory B: fregyinlet, ducted outlet;

btegory Ci ducted inlet, free outlet;

ur categories of installationyare as follows:

btegory D: ducted inlet, ducted outlet.

bries available the one which is closest.to his application.

In the above classification, the terms shall be taken to have the following meanings:

Free inlet or outlet signifies that the air enters or leaves the fan directly from or into the unobstructed free
atmosphere. Ducted inlet or outlet signifies that the air enters or leaves the fan through a duct directly
connected to the fan inlet or outlet, respectively.

18.3

Test report

All references to fan performance stated to be in accordance with this International Standard shall also state
the installation category to which they refer. This is because a fan adaptable for use in all four installation
categories will have differing performance characteristics for each installation, the extent of the difference
depending on the fan type and design.
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In reporting a test, the method selected from Clauses 30 to 33 shall also be stated, but this is not necessary
for catalogue data or contracts of sale since the alternative methods permissible within each installation
category may be expected to give results falling within the uncertainty of measurement.

18.4 User installations

In selecting a category of installation to match his system, the user should note that a system connected to the
fan through a length of duct equal to one diameter is usually sufficient (see 28.3) to establish ducted inlet
performance provided bends, sudden expansions or other upstream sources of flow separation are not too

close by.

On the outlet pi

Rectangular-t
in performan
outlet, both f

18.5 Altern

For any one

-round transition has little effect provided there is no change in cross-sectional area\A c
e may be expected when the cross-sectional area is increased through a diffuser, fitted to t
free outlet and ducted outlet systems.

tive methods

installation category, the alternative methods available differ only:in 'the method of flo

hange
ne fan

v rate

measuremeni and control. The relative merits of nozzle, orifice and traverse methods of flo} rate
measuremen{ are discussed in Clause 13. Other methods complying{ fully with the requiremenpts of
International $tandards or other well-known standards may also be employed.

The alternatiye standardized airways and the required measurements and calculations are descrilped in
Clauses 30, 31, 32 and 33 and Figures 40 to 46.

18.6 Duct simulation

To limit the ngmber of standardized airways required in\a-test laboratory, those designed for free inlet orfoutlet

tests may be
sections desg

Standardized
category B, (
Clause 29, w
universal, tes

Standardized
installations.

19 Installa

ribed in Clause 28.

airways designed for category A installation tests may be adapted to provide tes
or D installations. It follows that the inlet-side or outlet-side test chambers descril
hich will also cover a wide range of fan sizes, are well suited to the needs of a perm
installation.

tiontof fan and test airways

adapted to ducted inlet or outlet tests-by the addition of the inlet and outlet duct simulation

ts for
ed in
anent,

airways for category B or C installation tests may be adapted to provide tests for category D

19.1 Inlets «

andoutltets

The fan shall be tested as supplied without additions except for the test airways, and without removal of any
component part which might affect the flow unless otherwise agreed before the test.

It is nevertheless permissible, subject to prior agreement between supplier and purchaser, to determine the
combined performance of the fan and a transition airway such as an inlet box or outlet diffuser which is not

supplied with the fan. Such an addition shall be fully specified with the test report, and its inlet or outlet shall
be regarded as the fan inlet or outlet for the purposes of test.

19.2 Airways

All test airways should be straight and of circular cross-section, except where otherwise specified.
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Joints between airway sections should be in good alignment and free from internal protrusions, and leakage
should be negligible compared with the mass flow of the fan under test. Where provision is made for the
insertion and manipulation of measuring instruments, special care should be taken to minimize leakage and
obstruction of the airway.

19.3 Test enclosure

The assembly of the fan with its test airways should 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 should be
taken to avoid the presence of any obstruction which might significantly modify the air flow at inlet or outlet. In
partlcular no wall or other major obstruction should be closer than 2D from the inlet and 5D on the outlet of

way W ent devices is
outlet to inlet.

n inlet and/or
otors, fairings
or other obstructions. Where motors, fairings or other obstructions extend beyond an inlet or optlet flange at
which|the performance for ducted installation is to be determined, the casing'should be extendefd by a duct of
the sgme size and shape as the inlet or outlet and of sufficient length to cever the obstruction. The test airway
dimensions should be measured from the plane through the outermost extension of the obstrugtion as if this
were fhe plane of the inlet or outlet flange.

19.5 [Outlet area
For the purpose of determining the fan dynamic pressure, the fan outlet area shall be taken as the gross area
at thg outlet flange or the outlet opening in the @asing without deduction for motors, fairjngs or other
obstryctions.
Some| free-outlet fans without casings have ho- well-defined outlet area. A nominal area may then be defined
and stated, e.g. the area within the ring.6f a propeller wall fan or the circumferential outl¢t area of an

open-funning centrifugal impeller. The corresponding fan dynamic pressure and fan pressur¢ will also be
nominal and should be so described.

20 Garrying out the test

20.1 Working fluid

The working fluid>-for tests with standardized airways shall be atmospheric air, and the pressure and
tempgrature skiould be within the normal atmospheric range, either at fan outlet or at fan inlet.

20.2 [Rotational speed

20.2.1 For constant speed characteristics, the fan should preferably be operated at a speed close to that
specified. Where the speed is substantially different, or where the fan is intended for use with a gas other than
air, or at a different density, the provisions of Clause 15 shall be applied.

20.2.2 In the case of inherent speed characteristics, as defined in Clause 16, the fan motor shall be operated
at steady supply conditions within the range permissible for the motor or prime mover.

20.3 Steady operation

Before taking measurements for any point on the fan flow rate curve, the fan shall be run until steady
operation is achieved within a band of speed fluctuation not exceeding 1 %.
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Readings of speed and power input shall be taken at each point on the fan characteristic curve. If they are
fluctuating, sufficient readings should be taken to obtain, by averaging, a value which is compatible with the

accuracy of m

20.4 Ambie

easurement given in Clauses 9 and 10.

nt conditions

Readings of atmospheric pressure, dry bulb temperature and wet bulb temperature shall be taken within the
test enclosure (except as permitted by the recommendations of 6.1) during the series of observations required
to determine the fan characteristic curves. If the ambient conditions are varying, sufficient readings should 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 Clauses 6 and 8.

20.5 Pressere readings

Pressure in th
characteristic
random varia
obtained with

20.6 Tests

Tests for a sp
characteristic

20.7 Tests

Tests for dete
characteristic
where there ig

20.8 Opera

Test points o
plotted, for in
accuracy exp

21 Determlination of flow rate

Four methods
21.1 Multip

Multiple o

e test airways should be observed over a period of not less than 1 min for each point on t
curve. Rapid fluctuations should be damped at the manometer and if the readings still
ions, a sufficient number of observations should be recorded to ensure thata time-aver
n the accuracy limits given in 6.3.

for a specified duty

ecified duty should comprise not less than three test points determining a short portion of t
curve including the specified flow rate.

for a fan characteristic curve
rmining fan characteristic curves should comprisé-a sufficient number of test points to perr
evidence of sharp changes in the shape of\the characteristic curve.

ing range

itside the normal operating range may be recorded, and the complete fan characteristic

formation only. Tests made~outside the normal operating range will not necessarily ha
bcted for tests made within the normal range.

of flow rate medasurement are listed in 21.1 to 21.4 and described in Clauses 22 to 25.
e nozzle

ozzlé in test chamber

he fan
show
Bge is

he fan

nit the

curve to be plotted over the normal operating“range. Closely spaced points will be necg¢ssary

curve
e the

21.2 Conical or bellmouth inlet

21.3 Orifice plate

Outlet ori

68

Inlet orifice plate

In-duct orifice plate (see ISO 5167-1)

fice plate

Orifice plate in chamber
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21.4 Pilot-static tube traverse (see ISO 3966 and ISO 5221)

22 Determination of flow rate using multiple nozzles

22.1 Installation

ISO 5801:2007(E)

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.

22.2
22.2.1
The p

or roy
Nozzl

Geometric form

0
d-0,03d

La

poy

0,254

A

[
B

<
<t

<
d

Multiple-nozzle dimensions and tolerances are shown in Figure 16.

0
ds-0,03d

La

A

[
B

=
|

rofile shall be axially symmetrical and the outlet edge shall be square, sharp-and free from burrs, nicks
ndings. The axes of the nozzle(s) and of the chamber in which they are-installed shg
p throat length, L, shall be either 0,64 + 0,0054 (recommended) or 0,54 #.0;0054.

Il be parallel.

Key

1 fairing radius approximately 0,054, if necessary

a) Nozzle with throat-pressure tappings

Y

b) Nozzle without throat-pressure tappings

a Length L should be 0,54 or 0,6d; 0,6d is recommended for new constructions.
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22.2.2 Nozzles shall have an elliptical form as shown in Figure 16, but two or three radii approximations that
do not differ at any point, in the normal direction, by more than 0,0154 from the elliptical form may also be

used.

22.2.3 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 spacings of 45° and shall be within
+ 0,0024 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.

22.2.4 The

ozzleinterior surface-shall ha faired smaooth so that o ch‘aighl’nrlgn may be rocked o\

r the

surface withott clicking and the surface waviness shall not be greater than 0,001d peak-to-peak.

22.2.5 Wher

22.3 Inlet z
Multiple nozz

chamber wall
where d is thg

22.4 Multip

2241 Amu
uncalibrated f

E nozzles are used in a chamber, the type shown in Figure 16 shall be used.

Dne
es shall be positioned such that the centreline of each nozzle is notdess than 1,54 frg

The minimum distance between the centres of any two nozzles in simultaneous use shall
diameter of the large nozzle.

e-nozzle characteristics

tiple-nozzle installation manufactured in accordance with the requirements in 22.3 may be
pr pressure ratios r4-0,9 (i.e. Ap, 10 kPa).

m the
be 3d

used

22.4.2 The nozzle flow rate coefficient, «, is obtained fronm’ Table 4 or may be calculated by the following
equations:
7,006 134,6 1 C
a=109986-— + . ] =
[ Red Red V1 - aAuﬂ4 \/1 - aAuﬂ4

for LId = 0,6
or

a:[0,9‘986 6588, 11‘:’1’5] ! _|- ¢ .

Reg~ Req ||\ —app® | 1 - awB

for LId=0,5
where

Re, is the Reynolds number based on the exit diameter, which may be estimated by the following

equation:
J2py A
Re, = 0,95¢d PuP 408
(1 71 + 0,048Tu)
aAy is the kinetic energy coefficient upstream of the nozzle, equal to 1,043 for an in-duct nozzle and
1 for a nozzle and a multiple nozzle in chamber or a free-inlet nozzle;

pB=dID (which may be taken as 0 for a chamber) (5 < 0,525 for an in-duct nozzle);

C is the nozzle discharge coefficient.
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Table 4 — Flow rate coefficients for nozzles used in a chamber

Nozzle flow rate Reynolds number, Nozzle flow rate Reynolds number,
coefficient Rey coefficient Rey
a Lld=0,5 Lld=0,6 a Lld=0,5 Lld=0,6
0,950 12 961 14 720 0,973 57 519 63 948
0,974 62 766 69 736
0,951 13 657 15 491
0,952 14 401 16 314 0,975 68 713 76 295
0 953 15 196 17 195 0976 75 488 83 765
0,954 16 047 18 137 0,977 83 249 92 320
0,978 92 195 102 180
0,955 16 961 19 148 0,979 102 576 113 620
0,956 17 942 20 234
0,957 18 998 21402 0,980 114 715 126 992
0,958 20 136 22 661 0,981 129 024 142 753
0,959 21 365 24 021 0,982 146 048 161 500
0,983 166 513 184 032
0,960 22 695 25492 0,984 191 401 211428
0,961 24 137 27 086
0,962 25703 28 817 0,985 222 073 245 182
0,963 27 407 30 701 0,986 260 450 287 409
0,964 29 268 32 758 0,987 309 324 341172
0,988 372 865 411 057
0,965 31303 35 006 0,989 457 538 504 164
0,966 33535 37472
0,967 35989 40 184 0,990 573 788 631 966
0,968 38 697 43 174 0,991 739 389 813 986
0,969 41 693 46 482 0,992 986 593 1085643
0,993 1378 954 1516 727
0,970 45018 50 153 0,994 2 056 291 2260 760
0,971 48 723 54 242 0,995 3377 887 3712194
0,972 52 866 58 815
22.4.3 Thelexpansibility factor is obtained from Table 5 or may be calculated from:

r 105
k-1
K}"dZ/K 1 — I”d K
E =
(x = 1) (1 - ra)
where
ry =P “A L, A

© 1SO 2007 — All rights reserved
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This expression may be replaced by:

x —1705

K

krg2 1 Bt 1y

&= 1 - g 2lc - 1y
Table 5 — Expansibility factors for nozzles used in a chamber

Static pressure Ratio of diameters, 5

rartdlo 0 0,20 0,25 0,30 0,40 075(
Expansibility factor, ¢

1,00 1,000 00 1,000 00 1,000 00 1,000 00 1,000 00 1,000(00
0,98 0,989 23 0,989 21 0,989 17 0,989 11 0,988 86 0,988(29
0,96 0,978 34 0,978 29 0,978 23 0,978 11 0,97761 0,976(50
0,94 0,967 32 0,967 26 0,967 16 0,966 99 0,966 25 0,964 (61
0,92 0,956 19 0,956 10 0,955 98 0,955 75 0,954 78 0,952163
0,90 0,944 92 0,944 81 0,944 66 0,944 38 0,943 19 0,940155

22.4.4 The mass flow rate for a multiple nozzle is given by:
n
T
qm = € Z(ai diz) 7 \2pu Ap
=1

and, for a Venturi nozzle, by:

d2
Im =& = 2py Ap

n
Z(“i d 2) is the‘sum of the squares of the various open nozzle diameters multiplied by their respective

flew rate coefficients;

Pu is the upstream density.

22.5 Uncertainty

The uncertainty in the discharge coefficient C'is 1,2 % for Re; > 1,2 x 104,
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23 Determination of flow rate using a conical or bellmouth inlet

The conical or bellmouth inlet shall only be used when drawing air from an open (free) space.

23.1 Geometric form

23.1.1 The conical or bellmouth inlet dimensions and tolerances are given in Figure 17. The profile shall be
axially symmetric, the junctions between the cone and the face and between the cone and the cylindrical
throat each having a sharp edge, free from ridges and projections. The axis of the inlet and that of the airway
shall be coincident.

1,257 r=d
0,75d +0,054
0,254
o B \A
Y —‘F“,
A
S A A
=4 1 S
St 4 — S e S B |
©
o
| ——
Y Y
w
)
X
X
2 7
%4
o>
Key
1 fdur wall pressure tappings
2 alternative bellmouth, iniet
NOTE The fourwall"pressure tappings are as specified in Clause 7.
Figure 17 — Geometry of conical or bellmouth inlet

23.1.2 ,The'throat diameter, d, is the arithmetic mean of four measurements, to within an accuracy of 0,001d,
taken [at:ahqular spacings of about 45° in the plane of the throat pressure tappings.

23.1.3 The pressure tappings shall conform to the requirements of Clause 7.
23.1.4 The pressure difference, Ap, shall be measured in accordance with the requirements in 13.2.3.

23.1.5 Except where otherwise specified, the included angle of the divergent section may lie anywhere in the
range €< 30°. The divergent or cylindrical connection piece shall be not less than 3d long.
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23.2 Screen loading

23.2.1 Adjustable screen loading in accordance with Figure 18 is permissible with the conical or bellmouth
inlet, but the uncertainty of the flow rate coefficient «is increased (see 23.6.3).

23d 1
A
o
2‘ \ L
A
@ i s = \F
Y
S l
n~
|
154 d
a) Conical or bellmouth inlet
A
X
<0,(54
R_ X >
T L VRN

0.0124°
0,0124°

LI

1,5d

0454 0,754

A
w

154 d

g -

A

b) Conical or bellmouth inlet with adjustable screen loading

Key

1 duct expander, shape transition, sudden expansion

2 resistance screen, if required

3 screen loading and support-ring in accordance with Clause 22
@  The inlet zone shall be clear from obstruction.

b —6mm.

¢ =3mm.

Figure 18 — Conical or bellmouth inlet flow-metering installations
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23.2.2 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.

23.2.3 Supports for screens shall have the minimal frontal area consistent with strength and stiffness for their
purpose. For example, no single transverse member should 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 18 b).

Screens shall be accurately cut and a supporting ring with a radial thickness of 0,0124 or 6 mm max. and
0,0084 or 3 mm min. and a length of 0,054 max. shall be fitted or other means adopted to eliminate leakage at

the w

23.3

23.3.1
of the
veloci

23.3.2

Inlet zone

Within the inlet zone defined in Figure 18, there shall be no external obstruction*to the fi
air entering the inlet, and the velocity of any cross-currents should not exceed5 % of the

y.

pressiire-reading manometer is the ambient pressure in the inlet zone.

23.4

23.4.1
uncali

23.4.2

Conic

2343

wherg

23.5

23.5.1
uncali

Conical inlet performance

A conical or bellmouth inlet manufactured in accordance with the above requirements
prated for pressure ratios r4 > 0,96, i.e. Ap <4 000 Pa.

The compound coefficient oe is dependent of’the Reynolds number Re,; and is plotted in
bl or bellmouth inlets shall not be used when Re; < 20 000.

The mass flow rate is given by thefollowing equation:

2

d
m = a&TCT ,¢2puAp

Py is the upstreamdensity.
Bellmouth’inlet performance

prated for pressure ratios r4 > 0,96, i.e. Ap <4 000 Pa.

ee movement
nozzle throat

Steps shall be taken to ensure that the pressure registering at the high-pressure limb of the differential

may be used

Figure 19.

A bellmouth inlet manufactured in accordance with the requirements of 23.4 may be used

23.5.2 For a bellmouth inlet the compound coefficient ae is equal to 1.0.

23.5.3 The mass flow rate is given by the following equation:

q

2
d
= TET 2puAp

m

where p, is the upstream density.
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‘%’ A
1
ag =mlogn(Rey) + ¢
0,99
0,98
1 d>2md
A d=1,6m?
0,97 /|
> d = 1,25 m?
v
— a
0,96 / d=1m
}//Z gs8 m°
0,95 e
’ / /
/ 7 d=0,63m*
—
0,94 s ,/ d=05m?
Zé/
/
0,93
20 30 40 60 100 200 300 400 10q0
Re 4 x|10°

Key
1 curves for|different duct diameters
ag dompound coefficient
Re,;x 103 Reynolds number
NOTE 1 For d < 0,5 m: m =0,010:00; ¢ = 0,887 0; ae max. = 0,94.
NOTE2 Fof 05m<d<2wm m=0,00963 - 0,047 83d+0,012864% ¢=0,9715-0,205 84+ 0,05p 33d2;
aemax. = 0,918 1 + 0,062 3¢~0,015 674>

NOTE3 Fo

a Duct diam|

d > 2 mm= 0,034 59; ¢ =0,781 2; ave max. = 0,975.

etef.

76

Figure 19 — Compound coefficient ac for conical or bellmouth inlets
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23.6 Uncertainties

23.6.1 The uncertainty in the compound coefficient a¢ and that in the flow coefficient o are the same. The
basic uncertainty, applicable when Re; > 3 x 105, and when no screen loading is allowed in the connection
piece, is £ 1,5 %. To this shall be arithmetically added (if applicable) the next additional uncertainty associated
with low Re, and screen loading.

23.6.2 The additional uncertainty, as a percentage, due to low Re (i.e. 2 x 104 < Re; <3 x 10%) is as follows:

1

. 2 x 104

15

S

Re
[Z4

23.6.3
shall &

The additional uncertainty due to the presence of a uniform screen complying with 23.2
e added arithmetically.

23.6.4
Figurg
of ISC
The 0
Figure

These uncertainties may be reduced if a calibrated value of a¢ is used in-place of the
19. The calibration may be carried out using a Pitot-static traverse in accordance with the
3966 or by means of a primary device with an uncertainty of flow raté-coefficient not exc

verall uncertainty of mass or volume flow rate measurement with¢screen loading in ac
18 b) may then be taken as + 2 %.

24 Determination of flow rate using an orifice plate

24.1 [Installation
For teg
(inlet

same
the re

sts in standardized airways, a common design’of orifice plate may be used at the inlet
brifice), at the outlet from a test duct (outlet orifice) or between upstream and downstrear
diameter (in-duct orifice in accordance with1SO 5167-1). The ducts shall conform to the re
evant test method.

24.2 (Orifice plate

24.2.1
Figurg

The orifice plate and the-associated pressure tappings shall conform to the dimensi
20, to the additional requirements of this clause and to ISO 5167-1.

Two 4
small

lternative types of-tapping are available, the piezometer ring being generally the more ¢
Hucts and the wall tapping for larger sizes, although neither usage is exclusive.

24.2.2 The orificg plate should be constructed from material which will not corrode in service,
be prqtected{fram damage when handling and cleaning. It is particularly important that the edge
should not be~burred or rounded, or sustain other damage visible to the naked eye.

is 0,5 % and

alue given in
requirements
eeding 1,0 %.
tordance with

to a test duct
n ducts of the
quirements of

bns shown in

onvenient for

and it should
5 of the orifice

The up
0,000 44. These
finishing the upstream face by a very fine radial cut from the centre outwards.

conditions may be met by machining the orifice plate, fine boring the orifi

Id not exceed
ce, and then

24.2.3 The orifice shall be cylindrical within + 0,000 54, its diameter being measured to the nearest 0,0014.

After assembly, the orifice shall be coaxial with the upstream duct within + 1° and + (0,005D)/(0,1

+2,35%).

24.2.4 The upstream face of the orifice plate shall be flat to within 1 mm per 100 mm and its roughness, R,

should not exceed 0,000 1d. Any gasket sealing of the plate and the duct flange shall not project
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=0,050
N\ 2 2/ >l
Key Key
1 Ly=0,5D}+0,02D for £< 0,6 1 additional thickness, if required, to stiffen the orifice
Ly=0,5D}£0,01D for > 0,6 plate
2 wall tappings shall comply with Clause 7 a  Dimenision e given by: 0,005D < e < 0,02D.
a) In-duct orifice with taps at D and 0,5D b) Details of orifice plate
g [ 1
2 T T
NG .
<
el N
A
S EArl\ v
v \ \ ;
A l
| '
a I dp
2 ™~
. L ™3
a = =
F‘_
0,450 0,3750 >2d
0,3750
Key

1 flow straightener (cell-type shown), see Clause 27
2 wall tappings complying with Clause 7
3 no obstacles within this space

c) Outlet orifice with wall tappings

Figure 20 — Orifice plates and assemblies
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Key

N
S s

NOTE
NOTE|2

< 0,01[Ds.

1
el
A
n A n
$ =N 1Ty $
s W oy
Y
|
g
0,105 S
L -+ 2
T B x
Y "
Q
LA
rh~
20 0,650 0,504

pll tappings complying with Clause 7
w straightener (cell-type shown), see Clause 27
b obstacles within this space

If the orifice plate is held in place by a clip thenithe internal diameter is > D5 and the thickness x 0,01D;,.

If the orifice plate is held in place by a cellar then the internal diameter is < Dy and the ragial obstruction

d) (Inlet orifice with wall tappings

Figure 20 (continued)
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Key

A inlet orificg
B  outlet orifi

E E>0,003
e e<0,01d|
NOTE 1 Ch

NOTE2  WH

e)

h
Ce
d/

amfer for £ > 0,01d.

Figure 20 (continued)

ere the orifice plate is bolted.t6_a supplementary plate: d’> 1,25d + 4E".

Detail of inlet or outlet orifice plates for wall tappings, see 24.8, 24.8.1, and 24.8.2

80
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0,450, >0,40), =050

pu\m;;f/pdo

A
A
A
 J

I
$d
40,

T

/ Y

' i
/ 0,0SDh 10,01Dh 0,0SDh 10,01Dh

Key

-
=h

w settling screens
w straightener (cell-type shown), see Clause 27

N
=h

f) Orifice plate in test chamber (inlet side or outlet side), see 24.8.1, 29.4 and 29.3

Figure 20 (continued)

24.3 [Ducts

For intduct orifices in accordance with ISO 5167-1, the upstream duct diameter D shall be detefmined, to the
nearept 0,003D, as the average of 12 measurements at about 45° in three cross-sections equally distributed
between the upstream tapping and the section at 0,5D upstream. It is sufficient for the downstr¢gam side duct

to be pominally cylindrical'and of diameter D + 0,03D.
The lgngth of the upstream and downstream ducts is given in ISO 5167-1.

A flow straightener in accordance with Clause 27 shall be fitted in the upstream duct. The |length of the
upstrgam and.downstream ducts and the installation conditions are given in ISO 5167-1.

24.4 Pressure tappings

Wall tappings shall be four in number, in accordance with Clause 7, and in the locations shown in Figure 20.
The axis of each tap should intersect the duct axis at right angles.

The dimensions of the wall tapping holes shall conform to the dimensions shown in Figure 2. Any gasket shall
be included in these dimensions.

24.5 Calculation of mass flow rate

d2
qm =a gnT 2p, Ap
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The definitions and limitations on the quantities on the right-hand side of the equation differ slightly according
to the orifice installation adopted, and are therefore considered separately for each case. The following limits
apply for an in-duct orifice (ISO 5167-1).

— The duct diameter, D, shall be not less than 50 mm and not more than 1 000 mm for D and D/2 taps.
— The orifice diameter, d, shall not be less than 12,5 mm (see ISO 5167-1).
— The flow rate coefficient, o, depends on the orifice diameter ratio f=d/D and on the duct Reynolds

number Rej, (see 24.6). The ranges of S and Rej, are limited for each installation. In some cases, the Re,
limits are expressed in terms of limiting pressures and velocities in standard air, for simplicity.

— The expdnsibility factor, ¢, is given in 24.7, 24.8, and Figure 22.

24.6 Reynolds number

The Reynoldq numbers required for calculating orifice flow rate are defined as follows:

Ren = Dvp  4q, asd? 2Ap  agfd |2Ap
b v nDu vD Pu v Pu

Re dvgl  4q,,  aed |2Ap
- ndu v Pu

where u is calculated in accordance with 12.3.

The kinematig viscosity, v, is given by the following equation:

Strictly speaking, the derivation of Re from_a.test value of Ap requires an iterative calculation since « gnd ¢,
are not known. Only a rough approximation‘of Rej, is needed, however, and it may be considered sufficjent to
calculate Replor Re, from the first approximation of g,,,.

For an inlet [orifice, it may be.'sufficient to take, for the dynamic viscosity, the value for standafd air:
1=18x10-8|Pa-s.

In this case,
71q 3
Re, = H—2\%"10
b D
or
71
Re; = %x103

where D and d are expressed in metres and g, is expressed in kilograms per second.

24.7 In-duct orifice with D and D/2 taps [see Figure 20 a) and 1SO 5167-1]

The following conditions shall apply:

Ap = py = Pdo = Peu — Pedo
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PdolPy > 0,75

p, is the air density at the upstream tapping;

B=d/D, and shall be not less than 0,2 nor greater than 0,75;

The flow rate coefficient, ¢, is given by the Stolz formula:

o = (1 - /;4)_0’5 [0,5959 + 0,031282" — 018448

and is

The e

(8

and is

The u
0,6 <
uncer

The u

10°

ep

075 =
+ 0,0029/32’5[ ] + 0,039/34(1 - /;4) ~ 0,015843

shown in Figure 21.

Kpansibility factor, ¢, is given by

= 1- (041 + 0,355%) A

I(pu
shown in Figure 22.
ncertainty with which o is known is 0,6 % for Rep, > 4 26042D (D in millimetres) for <
5 < 0,75 provided the straight lengths of the ductstare in accordance with ISO 5167-1.
ainty of 0,5 % shall be arithmetically added when.these lengths are divided by 2.

ncertainty in ¢, as a percentage, is 4(Ap/p,,).

D,6 or S % for
An additional
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a flow rate coefficient
Rep Reynolds number

Figure 21 — Flow rate coefficient, «, of in-duct orifice with taps at D and D/2 (see 24.7)
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£ expansibility factor
Ap/p,  differential pressure ratio

a See 24.7.
b 0,1t00,2.

Figure 22— Expansibility factor, &, for orifice plates in atmospheric air (see 24.7 and 24.8)
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24.8 Outlet orifice with wall tappings [see Figure 20 c) and e)]

The following conditions shall apply:

Ap = py — Pa = Peu = Peb

where
Pa is the ambient atmospheric pressure;
Py is the air density at the upstream tapping;

PB=d/D [shall not exceed 0,5 (or 0,7 with additional uncertainty);

o is given by the following equation and plotted in Figure 23 as function of
Pes _ Peuw _ . _ M
= = rpp =
Pa Pa Py — Ap

e = A['] - rAp(B - CrAp)]
where 4, B and C are respectively equal to
4=0,599 3 +0,159 952 - 0,915 644 + 6,567 5% — 9,142 938 for < 0,5

=0,6 (2,04)532for f=0,5

D

B=0,249 + 0,070 152+ 0,24354 + 0,11358
§'=0,0757 + 0,05832 + 0,2234 + 02535

The uncertairfty with which a¢ is known may: be taken as + 0,5 % provided S is not greater than 0,5 and the
Reynolds number referred to the orifice-diameter 4 is not less than 10°. The latter condition requires that, for
normal atmospheric conditions, Ap is-notless than (2 000/d)2, where d is expressed in millimetres.

24.8.1 Orifice plate with walldappings in the test chamber [see Figure 20 e) and f)]

The following|conditions shall"apply:

Ap = pdu — Peds = Pu — Pdo

The temperatlire;)7,,, is measured in the test chamber.

O, = Osgy =Ty + 273,15
B=dID,, shall not exceed 0,25;

oe is determined in accordance with 24.8.

The other remarks of 24.8 shall apply.
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Figure 23 — Compound flow rate coefficient, o ¢, of outlet orifices with wall taps (see 24.8)

© 1SO 2007 — All rights reserved

87


https://standardsiso.com/api/?name=8117533a4b2202fe17313c34d1415073

ISO 5801:2007(E)

24.8.2 Inlet orifice with wall tappings [see Figure 20 d) and e)]
The following conditions shall apply:

Ap = Pa — Pdo = Pe5
where p, is the ambient atmospheric pressure.

Pu=Pa

where p, is the density of the ambient atmosphere.

B’ =dIDis, inthis case, the orifice ratio to the downstream duct.

3’ shall not bg greater than 0,7. There is no lower limit except for the minimum d specified in 24.5.
o= 0,598
£=1-r],(0,249-0,0757r,,)
rap = Pe§/Ps = 3 /(pa — &)

The uncertaipty with which o is known may be taken as +1,0 %" provided that Re,>5 X 10
rap=Aplpy 21Ap) < 0,3.

25 Determination of flow rate using a Pitot-static tube traverse

25.1 General

#+ and

For standardiged airway tests, only traverses using-Pitot-static tube in cylindrical ducts are recognized. The

locations of [the traverse planes shall be those shown in: Figures 42 c) and d); Figure 44 e) 4
Figure 45 a); and Figure 46 g). The working fluid is normally atmospheric air.

Measuremenfs may be made and corrections applied in accordance with ISO 3966, but for the purpo
this Internatiohal Standard, it is possibléto measure uncorrected velocities at the points specified, avera
results and apply a single correctionfactor « given in 25.6 as a function of Reynolds number to determi
average velogity at the section with“an uncertainty of +2 %.

25.2 Pitot-static tube

The instrument shallsconform to the requirements of ISO 3966. The external diameter of the tube, d, sh
exceed D/48,|where/ D is the diameter of the airway. The diameter of the stagnation pressure hole shall
less than 1 mp.

nd f);

ses of
e the
he the

all not
not be

Four types of Pitot-static tube may be used:

— Air Movement and Control Association (AMCA) type, see Figure 24 a);

— modified National Physical Laboratory (NPL) ellipsoidal nose type, see Figure 24 b);

— Centre Technique des Industries Aérauliques et Thermiques (CETIAT) type, see Figure 24 c);

— Deutsches Zentrum fir Luft- und Raumfahrt (DLR) type, see Figure 24 d).
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0,Ld

=
Q
¢d

Y
8 x 0,13d°

Key

1 sfagnation pressure connection
2 sfatic pressure connection
3  main stem

a Drilled holes shall not exceed 1 mm diameter; they shall be equally spaced and free from burrs. The ole depth shall
not be|less than the hole diaméter.

NOTE|1 The Pitottube head shall be free from nicks and burrs.

NOTEJ|2  All dimensions shall be within £ 2 %.

NOTE[3  Sutface roughness shall be 0,8 um or better.

NOTE4 " “The static orifices shall not exceed 1 mm in diameter.

NOTE > - case shall the

stem diameter exceed 1/30 of the test duct diameter.

a) AMCA type

Figure 24 — Types of Pitot-static tubes
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1  stagnatior| pressure hole 6  mitred junction
2 modified dllipsoidal nose 7  main stem
3  static pregsure holes 8 alignment arm
4  internal sgacer 9  static pressure connection
5  alternativg curved junction 10 stagnation pressure connection

jo)

Mean radius of cury€d‘option.

b) NPL type with modified ellipsoidal nose

Figure 24 (continued)
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NOTE Static pressure taps may be limited to those indicated on section A-A, in which case section A-A shall be

placed at 6d from the tube tip.
c) CETIAT type

Figure 24 (continued)
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Figure 24 (continued)
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25.3 Limits of air velocity
The Mach number of the flow past the tube should not exceed 0,25 (85 m/s in atmospheric air).
The Reynolds number referred to the diameter of the stagnation pressure tapping d;, in metres, should exceed

200. This means that, for tests with atmospheric air, the velocity, in metres per second, should not be less
than v = 3/d,.

25.4 Location of measurement points

The centre of the nose of the Pitot-static tube shall be located successively at not less than 24 measurement
points|Spaced atong three symmetrically aisposed diameters of the airway, as snown In Figure, 2.

0,0210
0,117D

03450

0,6;5[)
0,8160
0,8830
0,9790
8D

Figure 25— Positions for traverse measurements in standardized airways
The head of the Pitgt-static tube shall be aligned parallel with the airway axis to within + 2°.

The distance ‘of the measurement points (when there are eight per diameter) from one inside wall of the
airway shall-lie within the limits given below, except that the minimum positional tolerance shall be + 1 mm.

0{022D £ 0,000 6D

0,117D £ 0,003 5D
0,184D £ 0,005D
0,345D £ 0,005D
0,655D = 0,005D
0,816D = 0,005D
0,883D + 0,003 5D

0,979D + 0,000 6D
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25.5 Determination of flow rate
At each measurement point the differential pressure, Ap;, across the Pitot-static tube shall be measured.

The mean differential pressure at the section, Ap,, is the square of the average of the square roots of the =
individual differential pressures, Ap;, given by the following equation:

r 2

1% .05
Apy = ;ZAPJ"
Jj=1

- 2
Apm = %(\/E + JApy + .. +Ap, )}

The average gir density, p,, at the section of flow measurement, x, shall be determined from,the averagg static
pressure:

1
Pex = ;' (pex1 + Pex2 + - t pexn)

Px =Pey + Pa

and the static|temperature, @,, given by the following equation:

x1
Py K
O, = 0O} _
X Bgx |:px + Apm:|
_ _Px
Px = 2o

X

The mass flow rate, g,,, is given by:

2

D
dm = o4T 4)C \lszApm
where
2 05
A A
8:1__i pm+1<+21 \Pm
2K px 6/(' px

is the expansibility factor et «is the correction factor or flow rate coefficient given in 25.6.

25.6 Flow rate coefficient

The flow rate coefficient, o, has been derived by applying each of the correction factors specified in ISO 3966
at an average value of the variables appropriate to tests with atmospheric air complying with this International
Standard. The coefficient « is dependent on the Reynolds number which is derived from the diameter D, and
average velocity v, at the section x as shown below.

Rer = = L

prmex _ 4qm ~ 71 x 103 dm
)7 D D,
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for atmospheric air and with Sl units.
Repy 3x104 10 3x10° 106 3x 108

a 0,986 0,988 0,990 0,991 0,992

25.7 Uncertainty of measurement

The use of an average value for ¢ involves dlsregardlng systematlc errors WhICh may reach + 0,8 % of volume
flow ra 1SU uncertainty of
flow rate measurement may be taken ast+2 %

This g¢stimate assumes that the uncertainty of manometer calibration is £ 1 %. Sensitive’ manhometers are
necessary to meet this requirement at moderately low air velocities. The manometer calibration required for air
with aldensity of 1,2 kg/m3 is shown below for different flow velocities:

+1,5Pa +1Pa +0,5Pa +0,25Pa

16 m/s 13 m/s 9m/s 6 m/s

26 Installation and setup categories

There|are four categories of site installation which can be used for fans:

|
(¢

btegory A: free inlet and free outlet;

|
(¢

ptegory B: free inlet and ducted outlet;

|
[¢]

btegory C: ducted inlet and free outlet;

|
(<]

btegory D: ducted inlet and ducted outlet.

The tgst installation shall reproduce these working conditions as closely as possible, therefore four categories
of tes{ setup have been defined:

26.1 |Category A: fre@inlet and free outlet
In order to qualifyifer installation category A, the fan must be tested without any auxiliary device|added for the
tests, [for instance inlet bell or outlet duct, but the auxiliaries supplied with the fan, i.e. protection grid, inlet bell,
etc., shall be fitted.

An inletor outlet chamber is used in this case as defined in 29.3 and 29.4.

26.2 Category B: free inlet and ducted outlet

In order to qualify for installation category B, an outlet duct with straightener shall be used, which shall be of
the short duct variety when there is no swirl at the fan outlet.

The fan shall be tested without any auxiliary device added to the fan inlet, except those supplied with the fan.

Normally the outlet pressure is measured in the outlet duct after an antiswirl device. The duct and antiswirl
device form a common segment at the fan outlet (see 28.2).

When an outlet chamber is used, and when there is no swirl flow at the fan outlet, particularly for centrifugal
fans, a short duct (see 28.2.5) may be used between fan and chamber.
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26.3 Category C: ducted inlet and free outlet

In order to qualify for installation category C, an inlet duct simulation shall be used and no outlet duct or
auxiliary device shall be used, except those supplied with the fan (protection grid, diffuser, etc.).

When the inlet pressure is measured in the inlet duct, a common segment at the fan inlet is used (see 28.3).

An inlet test chamber may be used (see 29.3). If the fan at the outlet side is connected to a short duct, this will
considerably influence its performance, even if this duct is very short, for instance 0,5D, because practically
the entire flow resistance is at the inlet side.

Therefore such-a-duct-should-also-be-included-inthe test QiHAIQ.\’I’ if the in.site fan has a shaort autlet.side

uct.

The length of

The fan perfo

the duct employed during tests should be mentioned in the test report.

'mance is calculated as for other category C fan tests.

26.4 Category D: ducted inlet and ducted outlet

In order to qu
used.

Normally, inl¢t and outlet ducts shall be of the common-segment type,”as specified in 28.2 ang

respectively.

When an inle
there is no sw

For large fa
common-seg
between the g
and 28.4 with

or outlet chamber is used, the outlet duct may be .of'the short variety described in 28.2.5
irl at the fan outlet.

(> 800 mm diameter), it may be difficult to carry out the tests with the standa

s
:E]ent airways on the outlet side, including) straighteners. In this case, by mutual agre

arties concerned, the fan performance.may be determined using the method described in
a duct of length 2D}, on the outlet side.

Results obtaiped in this way may differ to some. extent from those obtained by using common airways o

the inlet and ¢
which method

In this case,
atmospheric |

26.5 Test in

To identify th
have an addit

utlet side, especially if the faniproduces a large swirl. It is still a subject of research to detd
gives the most representative values.

the outlet static pressure is not measured in the outlet duct but considered as equal
ressure.

stallation:type

b performance, the symbols of the characteristics influenced by the installation category
onal letter indicating the test installation type:

plify for installation category D, an inlet duct simulation shall be used and an outlet duct shall be

28.3

when

rdized
ement
P8.2.5

n both
rmine

to the

shall

— Piar PBs Pic OF Pip

—  Psfa PsfBs

Psfc OF PsiD

Tieas ks Thec OF 7hp-

27 Flow straighteners

The swirl energy at the fan outlet can only be partially recovered in a straight uniform duct, and only over very
long distances (> 100D). In the presence of swirl, simple measurements of effective pressure or volume flow

96
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are impossible, and it must therefore be removed when tests are to be taken in a duct on the outlet side of the
fan. An effective flow straightener will achieve this.

27.1 Types of straightener
There are two designs of flow straightener which can be used. Details are given below.

27.1.1 AMCA cell straightener

The AMCA cell straightener is used only to prevent the growth of swirl in a normally axial flow. It does not
improve asymmetric velocity distributions. The device, shown in Figure 26 consists of a nest of equal cells of

square cross-section. It has a very low pressure loss and is typically used either side of an auxiliary booster
fan where this is necessary to overcome the resistance of the airway when a completé characteristic is
requirgd.
The aptiswirl device 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,.
L
I~ P =
/\\ \\ <
H — <
'\ — \<< B
- Tl | T =
\ I~ T~ \\‘ !
S e R R e e U Y |
I \\7“\._ _//"/
\\\ 4 _—/—/\/i/
W
/v//

Figure 26 — Cell type flow straightener
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For a cell duct straightener (see Figure 26):
w=0,075D, between axes

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

27.1.2 Star straightener

The star strajghtener is also designed to eliminate swirl but is of little use in equalization of asymmetric
velocity distriputions. The eight radial plates should be of adequate thickness to provide sufficient strength but
should not exceed 0,007D, for pressure loss considerations. This straightener has a similar pressure drop to
the cell type dtraightener, but is easier to manufacture. More importantly, and unlike the cell type, it alloys the
static pressurg to equalize radially as the air flows through it, making it the preferred type of flow straightener.

The star straightener, as shown in Figure 27, is constructed of eight radial blades oflength 2D, (with a[= 1 %
tolerance) anfl of thickness not greater than 0,007D,. The blades will be arranged*to be equidistant ¢n the
circumferencg with the angular deviation being no greater than 5° between adjacent plates.

Figure 27 — Star type flow straightener

27.2 Rules for use of a straightener

For fans where the outlet swirl is greater than 15°, a flow straightener must always be used on the discharge
side of the test fan. If there is any doubt about the degree of swirl, then a test should be performed to establish
how much is present. For fans where the outlet swirl is less than 15°, that is: centrifugal, cross-flow or
vane-axial fans, it is possible to use a simplified outlet duct without straightener when discharging to the
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atmosphere or to a measuring chamber. If there is any doubt about the degree of swirl, then a test should be
performed to establish how much is present.

IMPORTANT — Even in cases where the swirl is less than 15° a flow straightener must always be
used upstream of a static or dynamic pressure measuring plane located within a test duct.

28 Common-segment airways for ducted fan installations

28.1

Common segments

Stand
to the

Press
strictly

28.2

This ©

straightener in accordance with 27.1.2 and Figure 28 in the central’cylindrical section, togethe

wall t4
area g

Figurg

Key

1 =
2 tg
3 p

ardized airways for category B, C or D ducted fan installations incorporate common segm
fan inlet and/or outlet which are described in this clause.

Lire measurements are made at the outer ends of these common segments and geometric
limited so that the fan pressures determined will be consistent from one installation categ

Common segment at fan outlet
omprises the section of an outlet side test airway adjacent to the/fan! It incorporates a star

ppings in accordance with Clause 7. A transition section may be used to accommodate &
nd/or shape within the limits indicated in 28.2.2 and 28.2.3.

s 28, 29 and 30 show the recommended devices.

1
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|

A
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A
A
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i
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n on test
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\variations are
bry to another.

dardized flow
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difference of

Figure 28 — Circular fan outlet for D, =D,
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6D,

A
 J

Key

1 fanontes
2 test fan oltlet
3 pressure-fneasurement section

Figure 29 — Circular fan outlet for D, = D,

6D,

A

Key

1 fan on tes
2  testfan oytlet
3  pressure-fneasurement section

Figure-30 — Rectangular fan outlet where 5 <

28.2.1 Circular fan outlet whenD, = D, (see Figure 28).

28.2.2 Circular fan outlef'when D, # D, (see Figure 29):
0,95 < (Du/Dyp)2=<1,07

La=D4

NOTE The transition section is conical or bellmouth, and the friction-loss coefficient is that of a duct of diameter D,
and length D,,.

28.2.3 Rectangular fan outlet, i, where b < h (see Figure 30)
0,95 <nD2/4b < 1,07
L12=1,0 D4 when b < 4h/3

L12=0,75 (b/h) Dy when b > 4h/3

NOTE The transition section is formed from sheet material in a single curvature.
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28.2.4 Transition (see Figure 31)

The transition section is preferably formed from a single sheet of material as illustrated in Figure 31 in
accordance with 28.2.

Figure 31 — Transition

28.2.§ Short duct
In the|particular case of tests on fans of category B or D without significant outlet swirl, such as|a centrifugal,
cross{flow or vane-axial fan, a simplified outlet duct may alternatively be fitted when discharging to

atmogphere or a measuring chamber. This duct shall be of the same cross-section as the fan putlet and the
length shall be determined by the condition:

T

28.3 [Common segment at fan inlet

This gomprises the section of the)ihlet side test airway adjacent to the fan and incorporates|a set of wall
tappings in accordance with Clause 7 as shown in Figure 32.

Dy | Ds 205

< P
g Vl‘ B>

A

3
Key
1 test fan inlet
2  testfan outlet
3  pressure-measurement section
4  fan on test

Figure 32 — Circular fan inlet for D; =D,
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A transition section may be used to accommodate a difference in area and/or shape within the limits specified
in 28.3.1 and 28.3.2.

28.3.1 Acircular fan inlet when D5 = D4 (see Figure 32)

28.3.2 Circular fan inlet where 0,975 D, < D3 < 1,5 D4 (see Figure 33)

NOTE The transition section is conical, and the friction-loss coefficient is that of a duct of diameter, D5, and length,
Dy,
Dy D3 D3 D4
= =i =ty =ty =
4
'l
3
% s34 ALY
KX |
%S
2 &3 I |
3 1 2
Key

1 test fan inlet

2  test fan oltlet

3 pressure-neasurement section

4  fan on tesj (tube-axial type shown)

Figure 33 — Circular fan inlet for 0,975D, < D3 < 1,5D,

28.3.3 Rectgngular fan inlet, b4 (see Figure 34)

The section adjacent to the fan inlet has thie'same rectangular cross-section, bk, as the fan inlet to whigh it is
attached and jts length, Ly, is given below:

nD§

> 0195bh

4bh

bir
e

There is no upper limit on D5 or on the aspect ratio b/h (where b > k), but the included angle of expansion
between the short sides should not exceed 15° and the included angle of contraction between the long sides
should not exceed 30°. The transition section has the form described in 28.2.5.
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A
_\
i
A
A
Y
A
Y

3
Key
1  tgstfan inlet
2 tgst fan outlet
3  pfessure-measurement section
4 gn on test (centrifugal shown with an integral inlet box)

Figure 34 — Rectangular fan inlet

28.4 |Outlet duct simulation

A fan ested for use with free outlet but adaptable to ducted outlet'may be converted for test from the former to
the lafter by attaching an outlet-duct simulation section to its outlet.

The qutlet simulation section takes the form of the common segment defined in 28.2, acgording to the
particrlar case. The outlet of the common segment.is-eft open to the atmosphere, but the outlet{side pressure
is measured by the wall tappings in plane 4.

In cerfain cases, it may be difficult to carry out the tests with the standardized common airwayg on the outlet
side, including straighteners.

In thi§ case, by mutual agreement between the parties concerned, the fan performance may|be measured
with alduct of 2D,, on the outlet side:

Resulfs obtained in this way'may differ to some extent from those obtained by using common aifways on both
the inlet and outlet sides, eéspecially if the fan produces a large swirl.

In thig case, the static pressure, pg,4, is not measured at the wall of the outlet duct of length 3D. This static
presslire is takentobe equal to the atmospheric pressure.

28.5 [Inlet. duct simulation

A fan fested for use with free inlet but adaptable for ducted inlet may be converted from the formgr to the latter
by attaching an inlet-duct simulation section to its inlet.

28.5.1 Circular fan inlet

The simulation section should be a cylindrical airway of the same diameter as the fan inlet to which it is
attached. A bellmouth entry should be fitted.

An inlet length equal to D, is the normal relationship and provides a true ducted-inlet fan characteristic for any
fan over the range of normal working duty. In certain cases, however, a longer duct is needed to enable the
fan to develop its full ducted-inlet pressure at or near zero-volume flow. If in such cases a complete fan
characteristic curve is required, it is permissible to extend this element as required, or to use the common
segment of 28.3.1 with a bellmouth entry at its inlet end.

© ISO 2007 — Al rights reserved 103


https://standardsiso.com/api/?name=8117533a4b2202fe17313c34d1415073

ISO 5801:2007(E)

28.5.2 Rectangular fan inlet

The simulation section should have the same rectangular cross-section, bk, as the fan inlet to which it is
attached, and its length, Ly4, given by the following equation:

4bh
Lst = \|—
T

A bellmouth entry should be fitted.

28.6 Loss 4

Conventional
airways. The

These allowa
developed flo

The allowanc

riction allowance factors are shown in Figure 35.

v in smooth ducts, irrespective of the actual flow pattern produced by the/fan.

allowances given in this subclause shall be made for airway friction in tests with standafdized

nces depend on the Reynolds number, Rep, of the flow in the test airway, and'are based gn fully

bs are calculated for the common segments described in 28.2 and 28.3between the fan odtlet or

inlet and the plane of pressure measurement. The same allowances should be made when transition sgctions

are incorpora
cover the bell

ed and when an inlet-duct simulation section as described in"28.5 is used (in which cas
mouth entry loss).

e they
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28.6.1 Loss allowances for straight common outlet segments described in 28.2.1, 28.2.2 and 28.2.3

The coefficient of friction loss for a length of one diameter of a straight duct is given by the following equation:

A= 0,005 + 0,42 (Repy) >°

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

(62-4),| = 34+ 0,95 (Reps) "

= 0,015 + 1,26 (ReD4)70,3+ 0.95 (ReD4)70’12

where

D D
Repy = Vma P4 P4 VmaTa 108

o 15

for standard 4gir.
The loss coefficient (&, _ 4)4 is plotted against the Reynolds number, see Figure 35 a).

The losses bgtween planes 2 and 4 are given by the followingrequation:

2
P4V m4
Apo_4 F (52—4)4 2m Jva

28.6.2 Loss allowances for common outlet segments described in 28.2

=]

The coefficient of friction loss, A, for a duct’length equal to the diameter is given by the following equatio

A= O,1z (ReDh4)_O’17

and is shown |plotted in Figure*35 b).

The ratio of gquivalentilength of a cell-straightener to hydraulic diameter D, (D,, = D4 for a circular dpct) is
given by the fpllowing-equation:

Le 15,04

5 1,83
1 - 26,65 -2 + 1846 |
Dy, Dy,

The conventional loss coefficient of the common outlet segment described in 28.2.1, 28.2.2 or 28.2.3 is given
by the following equation [see Figure 35 a)]:

Ly_4 L
(524)4=/{ Dra + D:J

where L, _ 4 is the length of the duct between the fan outlet and the measurement section.
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28.6.3 Energy loss allowances for a short outlet duct described in 28.2.5

The duct friction shall not be considered.

28.6.4 Energy loss allowances for a common inlet segment described in 28.3

The coefficient of friction loss, A, is given by the following equation:

A = 0,005 + 0,42 (Reps)*®

ISO 5801:2007(E)

and
(E1-3)s = 0,015 + 126 (Repg
where

Ao — Ym3DP3pP3 _ vm3 D3
D3 = s ~ 15

in stapdard air.

The cpnventional loss coefficient

(5371)3 =—(§371)3

is always negative and is shown in Figure 35 a).

The ehergy losses between planes 3 and 1 are_given by the following equation:

2
P3Vm3
2

>

P31 = (5371)3 Sms

28.6.9 Energy loss allowances/for inlet duct simulation described in 28.5

)—0,3

x 108

There| are no losses allowed for this inlet duct, unless an inlet duct corresponding to the common segments

descriped in 28.3 or other'is required.

29 Standardized test chambers

29.1 [Test chamber

A chamber may be incorporated in a laboratory setup to provide a measuring station or to simulate the

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

29.1.1 Dimensions

The test chamber cross-section may be circular, square or rectangular.

The length should be sufficient to accommodate any fan to be tested without infringing on the minimum

distance shown in Figures 36 and 37.
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NOTE

NOTE

108

VARVARY

8D

For tgst airways for flow rate control and measurement, see Figure 40 and Clause 31.

0

80,5

20,503

g

0,303 20,50,
3 1

Py
o

A

a) Inlet chamber dimensions

2

0,803

'

A

A

Y

 J

0,405

0,405

Th

b)

e fans illustrated have/the maximum permissible dimensions.

Example-of a propeller fan c)

Figure 36 — Examples of inlet-side test chambers type 1

Example of an axial fan
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0,204°

Y

0,805 ~

A
 J

¢ Q%))Y |

NOTE The fan illustrated has the maximum permissible dimensions.

d) Example of a double-inlet centrifugal fan

0,805

A

Y

S

\
/\E'/\
1}
3 012503 x 05057
NOTE The fan illustrated has the maximum permissible dimensions.

e) Example of a cross-flow fan

Key

1 test fan inlet

2  testfan outlet

3  pressure-measurement section
4 fan on test

a Inlet.

Figure 36 (continued)
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Y
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Y
S \ J
[
» by .
Key

1 this figure|shows a rectangular chamber

NOTE 1  Chbamber diameter D; > 2,5Dy;.

NOTE 2 Eqtivalent chamber diameter D3 = \/}lg)_b >2,5Dyy .
NOTE 3 hs ]:in. > 2Dy,

NOTE4 b, Max. > 1,5k,

a)) Dimensions of inlet test chamber

20,503 =0,

|

0303 20,503

8D,
805

>
= E
=>

-

b) Minimum dimensions of extended test chamber with motor on the inlet side

Figure 37 — Inlet-side test chamber type 2
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20,505 byot

)
L

A

b
b3

NOTE Example of double-inlet centrifugal fan.

¢) Minimum dimensions of extended test chamber for the installation of double-inlet fans
Figure 37 (continued)

29.1.2 Pressure tappings

The wall tappings in the measuring planes shall be in accordance with the requirements of Clguse 7 and be

equally spaced around a cylindrical chamber or at the centre of each of the sides of a square ¢r rectangular
chamber.

29.1.3 Flow-settling-means

Flow-gettling means shall be installed in chambers where indicated on the test installation plans o provide the
requirgd flow patterns.

If the measuring plane is located downstream of the settling means, the settling means is provided to ensure a
substantially uniform flow ahead of the measuring plane. In this case, the maximum velocity [at a distance
0,1D, downstream of the screen shall not exceed the average velocity by more than 25 % unless the
maximum velocity is less than 2 m/s.

If the measuring plane is located upstream of the settling means, the purpose of the settling screen is to
absorb the kinetic energy of the upstream jet, and allow its normal expansion as if in an unconfined space.
This requires some backflow to supply the air to mix at the jet boundaries, but the maximum reverse velocity
shall not exceed 10 % of the calculated mean jet velocity.

If measuring planes are located on both sides of the settling means within the chamber, the requirements for
each side as outlined above shall be met.

Any combination of screens or perforated plates that will meet these requirements may be used, but in
general, a reasonable chamber length for the settling means is necessary to meet both requirements.
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Three uniform wire-mesh or perforated-plate screens adequately supported and sealed to the chamber wall,
spaced 0,1Dy, apart and with 60 %, 50 % and 45 % free areas successively in the direction of flow, may be
expected to secure flow meeting these conditions.

Screens shall

be kept free from blocking by dirt.

A performance check will be necessary to verify that the flow-settling means are providing the required flow

patterns.

29.1.4 Multiple nozzles

Multiple nozzles-shs

1,5d , where
of any two no

The distance
2,5d, with the

The distance

38 mm = 6 mi.

29.1.5 Orific
The orifice sh
the upstream
where Dy, is th

The distance
of 0,5Dy,.

The distance
0,05D;, = 0,01

The orifice pla

29.2 Variablle supply and exhaust systems

A means of varying the point of operation shall be provided in a laboratory setup.

29.2.1 Throt

Throttling deV
the end of theg

en'\c

chamber wall. The minimum distance betwe

/ is the nozzle throat diameter, from the
from the exit face of the largest nozzle to the downstream settling means shallcbe*a minim
d measurement taken from the largest nozzle.

between the inlet plane of the nozzles and the upstream and downsiream pressure t

b plate in chamber
all be coaxial within the chamber to within + 1° and + 0,008D,, (see 24.2). The distance be

face of the orifice plate and the exit of the upstream settling means shall be a minimum of
e hydraulic diameter of the chamber.

between the inlet plane of the orifice plat€ and the upstream and downstream pressure f
D,

te shall be in accordance with the:conditions described in 24.2.

ling devices

ices maybe used to control the point of operation of the fan. Such devices shall be loca
ducter.chamber and should be symmetrical about the duct or chamber axis.

29.2.2 Auxili

yzles in simultaneous use shall be 3d, with the d measurement taken from the larger fiozzlg.

least
entres

um of

aps is

tween
D,4D,,

between the exit face of the orifice plate and the:downstream settling means shall be a migimum

aps is

ed on

aryfans

Auxiliary fans may be used to control the point of operation of the test fan. They shall be designed to produce
sufficient pressure at the desired flow rate to overcome losses through the test setup. Flow-adjustment means,
such as dampers, pitch control or speed control may be required. Auxiliary fans shall not create surge or pulse
flow during tests.

29.3 Standardized inlet test chambers

29.3.1 Test chamber

Three types of inlet test chamber are described in this International Standard (see Figures 36, 37 and 38).
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Dimensions in millimetres

20,303 20,503
20,303
PL3 PLA1 PL2
1
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g L |
T
Y
pesg3
a)
20,504 20,50,
38 16
20,204 38 +6 20,303
PL7!PL5 PL3 PLA1 PL2
|l
Y mﬁ
O ]
T = ’\
2,5d | L
=> o >
Pes A,D pesg3
b)
Key
1 fan

Figure 38 — Inlet-side test chamber type 3
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29.3.1.1 Inlet test chamber type 1

The test chamber cross-section may be circular with inside diameter D3, square D3 x D3, or rectangular with
D5 being the shorter side.

The length should be sufficient to accommodate any fan to be tested without infringing on the minimum
distance between chamber pressure taps and fan casing or motor, as shown in Figure 36.

29.3.1.2 Inlet test chamber type 2

The test chamber cross-section may be circular with inside diameter D5, square D5 X D5, or rectangular bshi4

1 1. altla + ] s la. o PUH 4
Wlth b3 < 1,5’[3 daliu uic TUUIivaiclit uraroct Uiaritcior.

Dy = \Jhshy

For fans with jan inlet-side drive or double-inlet fans, where a corresponding minimum distance’is necessary in
the chamber |[between the pressure tapping and the next segment of the fan dependingyon the instgllation
conditions, it|will be necessary to use a test chamber extended in length compared with the migimum
dimensions indicated in Figure 37.

29.3.1.3 Inlet test chamber type 3

The dimensign D5 of the inlet test chamber type 3 is the inside diameter of a circular chamber pr the
equivalent digmeter of a rectangular chamber with inside transverse dimensions /1353

where

4fi3b4
by - [

The pressurefmeasuring plane 3 is

— atleast 0,3D5 upstream of the downstream end of the chamber,
— atleast 0,2D; downstream of the flow-settling means.

Inlet chambers of type 3 may be fitted with nozzles for flow rate measurement (see Figure 38).

29.3.2 Fan upder test

29.3.2.1 Inlet chamber type 1

The fan under_test may have any inlet throat area. A,“’ not pxr‘ppding

D3
8
or
D3 >84y

for a circular chamber, where 4, is the inlet throat area, provided the inlet is coaxial with the chamber. Where
this is not practicable, the total throat area of the inlet or inlets shall not exceed
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and the inlets should be so located that the flow remains as symmetrical about the chamber axis as possible.

Exam

ples of fans with maximum inlet sizes are shown in Figures 36 and 37.

29.3.2.2 Inlet chamber type 2

The fan under test may have any inlet throat diameter D, not exceeding D5/2,5

or

N

or

A

When
inlets.
b, is
hemis

29.3.2
Inlet ¢

A

They
294

29.4.1
The t6

The d
rectan

L < A3/6,25

3 > 6,25 A1t

It is expedient to choose a chamber with square or rectangular, cress-section, of which t
he sum of the fan width, 5, and an open space surrounding the\two intake openings corre
phere of radius equal to 1,25D,, as shown in Figure 37.

.3 Inlet chamber type 3

hambers shall have a cross-sectional area greater than five times the fan inlet throat area:
R > 944

may optionally be fitted with multinozzles-for flow rate measurement (see Figure 38).
Standardized outlet test chambers

Test chamber (see Figure-39)

st chamber cross-section may be circular with inside diameter Dg, square Dg X Dg or recta

mension Dg of‘the chamber is the inside diameter of a circular chamber or the equivalent
gular chambec with inside dimensions /g and bg where

/4h6b6
6 SH |
T

testing a double-inlet fan, the minimum width of the chamber shall‘be*capable of accominodating both

ne total width,
sponding to a

hgular hgbg.

diameter of a

The fan outlet pressure p,, may be measured either in the fan outlet duct or in the chamber. Outlet chambers
may be fitted with single or multiple nozzles for flow rate measurement (see Figure 39).
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Dimensions in millimetres
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Figure 39 — Outlet-side test chambers
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Dimensions in millimetres
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Key
1 fan

a8  The distance J shall be equal to at least the diameter of the outlet duct for fans with axis of rotation perpendicular to
the discharge flow, and to at least twice the diameter of the outlet duct for fans with axis of rotation parallel to the
discharge flow.

Figure 39 (continued)
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29.4.2 Fan under test

An outlet test chamber (see Figure 39) 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 at right angles to the discharge flow (45> 94,) and a
cross-sectional area at least 16 times the area of the fan outlet or outlet duct, for fans with axis of rotation

parallel to the

discharge flow (4g > 164,).

30 Standard methods with test chambers — Category A installations

30.1 Types

of fan setup

Two general §
a) inlet-side
b) outlet-sid
A number of
method of flg
details of the
A common p
determination
determining fl
are givenin 3
The chamber:
The procedur

The simplified
pressure ratio

The procedur
30.2 Inlet-s
30.2.1 Flow

The flow rate

conical o

e test chamber setup.

etups of fan on chamber are shown:

test chamber setup;

hethods of controlling and measuring the flow rate using inlet or outlet.chambers are show
w rate measurement is specified in each case, together with theclauses and figures
low-measurement procedure.

of fan performance in category A installations, together with a number of metho
pw rate in the case of inlet chamber setup and two methods in the case of outlet chamber
D.2 and 30.3.

5 are assumed to be large enough that effects of Mach numbers are negligible.

b is generally valid for all fans conforming«With this International Standard.

procedure may be followed when. the-reference Mach number Ma,, is less than 0,15 a
is less than 1,02.

bs for these cases are givenin.30.2.4.
de test chambers

rate determination

s determined by:

- bellmouth inlet, see Figure 40 a);

118

inlet orifice-with-wal

U tan Eioara 40 b\
Ttdapo, STU T 1yurc U v/,

in-duct orifice with D and D/2 taps, see Figure 40 c);
Pitot-static tube traverse, see Figure 40 d);
multiple nozzles in chamber, see Figure 40 e);

orifice plate in chamber, see Figures 40 e) and 20 e).

n. The

giving

ocedure, comprising measurements to be taken and quantities to be calculated, allowing the
s for

setup

hd the
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Ap

b) Flow rate determination using inlet orifice with wall taps
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a) Flow rate determination using ISO conical or bellmouth inlet
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Figure 40 — Category A test installations (inlet-side test chamber)
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c) Flow rate determination using in-duct orifice with wall taps-at D and 0,5D
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1 45 6 pUUs 7 t 7/
E- Lpe(S
Al

d) Flow rate determination using Pitot-static tube traverse

Figure 40 (continued)
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Dimensions in millimetres

20,303 20,504 20,504
38 6 |
38 6 20,303
PL7|||PL5 PL3 PL1 PL2
©
2
1 5 I
/ A
NS 7 / | 2,5d
~ -~ =>
=
- | Il i
| | Y
I I |
r/ A
S
7 Pes Ap J Pesgy ™
e) Flow rate determination using multi-nozzle chamber
Key
1 atxiliary fan
2 tgst fan (centrifugal, shown with an integral inlet box)
3  tgst fan (tube-axial type shown)
4 trhnsition section
5 flpw straightener
6  Pjtot-static tube traverse
7  flpw-settling means
NOTE| See 4.2 for plane descriptions.
Figure 40 (continued)
30.2.2 Measurements to be taken during tests (see Clause 20)
Measque

— rotational speed, N, or rotational frequency, #;

— power, P, P, or P, and estimate impeller power (see 10.4) and power, P, of an auxiliary fan;
— flowmeter differential pressure, Ap;

— pressure, pg7 Or pes5, Upstream of the flowmeter;

— chamber pressure, pg3, for Figure 40 and chamber stagnation pressure for Figure 40 d) and e);

— chamber temperature, T5.
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In the test enclosure, measure

— atmospheric pressure, p,, at the mean altitude of the fan;

ambient temperature near the fan inlet, 7,;

— dry and wet bulb temperatures, T4 and 7,,.

Determine the ambient air density, p,, and the gas constant of humid air, R, (see Clause 12).

30.2.3 General procedure for compressible fluid flow

This procedurl

e should be applied when both the fan pressure ratio is more than 1,02 and the reference

number, May s, is more than 0,15 (see 14.4.2).

30.2.31

30.2.3.1.1 T

inlet orifig

Cajculation of flow rate

he flow rate is determined by

conical of bellmouth inlet, see Clause 23 and Figure 40 a);

e with wall taps, see Clause 24 and Figure 40 b).

The in-line flowmeter is followed by a control device or an auxiliary fan with'a control device.

Assuming that

P7r=P3=

@Sg7 = O

_ _ A
P71 R,

after calculat

Pu

= 7, + 273,15

7

Oy

on of the dynamic viscosity/of air in accordance with 12.3 and a first approximation

Reynolds number through the flowmeter, the flow coefficient, o, and the expansibility factor, ¢,

compound c(
bellmouth inlg

The mass floy

qm = Q&

efficient, ae, may be._determined in accordance with 23.4 and Figure 19 for a coni
t or in accordance-with 24.5 for an inlet orifice with wall taps.

v rate is giver by'the following equation:

d2
T TS 1[2107Ap

Mach

of the
br the
cal or

When «is a

nction or the Reynolds number Ke; Or Kep, the variation ol & With Ke; or Kep, Shall be tak

account in the equation above.

n into

30.2.3.1.2 The flow rate is determined using an in-duct orifice with taps at D and D/2, see 24.7 and

Figure 40 c).

A control device or an auxiliary fan with a control device is set upstream of the flowmeter.
Assuming that

P7=Pe7 tPa

122
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P. or P
8897 = 9893 = T3 + 273,15 = @a + —r); . ex
mCp
2
q
O7=6g7 ~ —5 5 —
247p7 ¢
b7
P7T =
Ry 6,

the mass flow rate is determined by the following equation:

The ekpansibility coefficient is determined in accordance with 24.7 and 24.8.

After @n estimation of the flowmeter Reynolds number:

or

=

the flo
for an

A first
q,, cal

Two iferations are sufficient for a calculation accuracy of three places of decimals.

30.2.3

A con

Assur

p

S

)
3

=
Q

2
d
= a¢ 7:45 J2p7Ap

__ 2eds\2p7Ap o6

4 7 (17,1 + 0,04877)

ep7 = Reysf

w coefficient, ¢, or the compound coefficient, ce, ar€ determined in accordance with 24.7
in-duct orifice with taps at D and D/2.

approximation of ¢,, may be obtained with-©; = 8397; ©; may be determined and new v3
culated.

ning that

5 =Pe5 1 Pa

1 n
e5 /4 _Zpe5j
n =,

o,

595 = @Sg3: T3+ 273,15

and Figure 21

lues of o and

1.3 The flow rate is determined using a Pitot-static tube traverse [see Clause 25 and Figure 40 d)].

rol device or an auxiliary fan with a control device is set upstream of the duct for flow rate measurement.

the temperature, T, in the test duct may be measured and considered as a stagnation temperature, but it is
preferable to measure the temperature in the chamber 7.

The mean differential pressure is given by

2
1 <0, 05
Apym = ;ZAPJ'
j=1

See 2

5.5.
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The mass flow is determined by the following equation:

dm = @EA5\2P5APm

where
Ps
Ps R, 05
512
. 1_iApm N K+1(Apmw—‘

4K D5 Br \ P5 ) J

«is a functior) of Reynolds number Rep5 very close to 0,99 (see 25.6).

A first approxjmation of ¢, is calculated with o =0,99 and corrected for « variation.
30.2.3.1.4 The flow rate is determined using multiple nozzles in chamber [see Clause.22 and Figure 4(Q e)].
A control device or an auxiliary fan with a control device is set upstream of the chamber.

Assuming that

@3= @sg = Sg7= @7=T3+273,15
DP7=Pe7 {Pa
_ b7
P71 Rl 6,
d
Dy

The mass flow rate is given by the following-equation in accordance with 22.4:

2
n d5
dm = “Z [C_j TJJ \2pGAP
Jj=1

¢ is th¢ expansibility coefficient in accordance with 22.4.3 and Table 5;

C. is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds
numperire ;s

p=0and Cj:aj;

Cj =q is calculated in accordance with 22.4.2 and Table 4;

n is the number of nozzles.

For each nozzle, the throat Reynolds number Re 5 is estimated by the following equation:

Re =, = ngd5j [2p78P x 108
93] 7 171 + 0,048 7T,

with C; = 0,95.
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After a first estimation of the mass flow rate, the discharge coefficients C, are corrected.

30.2.3.1.5 The flow rate is determined using an orifice plate in the test chamber with wall tappings [see
24.8.1 and Figures 40 e) and 20 e)].

An orifice plate is fitted instead of the multiple Venturi nozzles.
Assuming that

@3= @Sg3= @sg7= @7= T3+273,15

Py =Pe7 T Pa
_ pr
A7 RO,
d
= =5.0,25
D

7

The mjass flow rate is given by the following equation in accordance with 24.5:

d2
q, = aenT54/2p7Ap

wherd ac¢ is determined in accordance with 24.5.
30.2.3.2 Calculation of fan pressure

30.2.3.2.1 Fan inlet pressure

Assuming that

DPB=Pe3tPa
63:T3+273,15: @Sg?): @Sg1
P3
A3 = & o
Rw @3

In acgordance with 14.5 and 14.6:

+p V'2”’) T 1 a’%
Psg1 = P3 3 ~P3 5 T2~ Psg3
2 2 A5p,

or
2 2
Ym3 1 Am

Pesgt = Pe3 t P3— T Pe3 T 5 —5 = Pesg3

2 2 A3p3

This is valid for the setups in Figure 40 a) to d). For the setup in Figure 40 e), the stagnation pressure Pesg3 is
measured by a Pitot-static tube and

Psg1 = Pesg3 T Pa = Psg3
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Pesg1 = Pesg3

Pe3 <0 and pesg1 <0

In accordance with 14.4.3.2 and 14.5.2, Ma4, ©4/@4y4, and p; may be determined.

The inlet static pressure p, is given by the following equation:

2
1 (g
P1=DPsg1 — Pd1/M1= Psg1 = 5— [—m] S

2p4 \ 4

or

Pe1 = P

the Mach fact|

2
1 (g
esg1 — Pd1/M1= Pesgt — 2 (A—":] M1 =P1-Pa

pr fy11 being calculated in accordance with 14.5.1.

30.2.3.2.2 Fpn outlet pressure

At the fan out

Ma, and 6, a
P2 = 5
Psg2 = D)

Juz being calg

This may alsg

et, p, is equal to the atmospheric pressure p,, and

re calculated in accordance with 14.4.3.1;

w@2

N

2
1 qm ]
+o— | =] Sm2
2p; {Az
ulated in accordance with 14.5.1.

be written

2
1 (q_mw f
2045 A2 M2

Pesg2 =

R )
pm= Ty
k, = Wal

Fm

30.2.3.2.3 Fan pressure

The fan static

pressure pgp is given by the following equation:

PstA = P2 ~ Psg1 = Pa — Psg1 = "Pesg

126
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and the fan pressure p; by

2
1 qm
= - = + — | —
PfA = Psg2 = Psg1 = Pa 25, (Azj v Psg1

2
PfA = Pesqz — P 1=Lﬂ fM2 = Pesgt
esg esg 2py | 4 esg

30.2.3.3 Calculation of volume flow rate

In the|test conditions, the volume flow rate is calculated by the following equation:

_ qm _ qm
Qrsg1 = =
Psg1 Psg1
Rw@sg1

30.2.3.4 Calculation of fan air power

30.2.3.4.1 Fan work per unit mass and fan air power

In accordance with 14.8.1, the fan static work per unit mass is<given by the following equation:

=

2 2
, A_pz—P1_Vm1_P2—P1_1[Qm]
a=£2- 0 =

" Pm 2 Pm 2 A4py

and the fan work per unit mass by

2
W A= P2 — P + Ym2 Vm1
" Pm 2 2

2 2
— P2 — P1 + l qm _ qm
Pm 2404202 A1p1

The fgn static power.and the fan air power P 45 and P, are given by the following equations:

Plisa = 4, Wyisp

PuA — qm'WmA

30.2.3.4.2 Calculation of fan air power and compressibility coefficient

In accordance with 14.8.2:
Pysa = dysg1Pstakps

Pyp= qug1'pfA'kp

The compressibility coefficients kp and kps may be determined by two equivalent methods (see 14.8.2.1 and
14.8.2.2).
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a) First method:

Zk |Og1ol"
ko OF k, =
ps P |Og10 |:1 + Zk (l" — 1):|
where
r=1+ PstA
Psgt

for fan sthfic air power, or

PiA
Psgi

r =1+

for fan aif power, and

-1 A
K Qqysgt (Psz or PfA)

Zy F

for fan static air power or fan air power.

b) Second method:

In(1 + x) Zp

ko lOr £k, =
i xin(1+ Zp)
where
x:r_1:Psz or PiA
Psgt Psgt

for fan static power or fan air pawer

k-1 B
K 4ysgt~Psg

Zy F

30.2.3.5 Calculation-of efficiencies

In accordancg with 14.8.1, the efficiencies are given by the following equations:

— fan static efficiency:

P usA

NMsrA = Tr

— fan efficiency:

PuA
P

Tha =
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— fan static shaft efficiency:

PusA
Pa

NsaA =

— fan shaft efficiency:

_ PuA
Man = P,
30.2.4-Simpiififed method

The rgference Mach number Ma,, . is less than 0,15 and pressure ratio less than 1,02 (see.14.8.5).

The a|r flow through the fan may be considered as incompressible.

1= Osg1 = O3 = Ogg3= 0, = Oy
PL=P2

M1 =z =1

k=1

30.2.4.1 Calculation of mass flow rate

The mass flow rate is determined according to 31.2:3.1.
30.2.4.2 Calculation of fan pressure
30.2.4.2.1 Fan inlet pressure

pP3
Rw@3

o

1= Psg1 = Psg3 =

2
DN g ]
IR
9 2Psg1 A3

=

2

1 qm

> 4+ — | 2
esg1 Pe3 2p1 (ASJ

2
P =p _ 1
1 sg1 2,01 A4

or

2
P =p _ L q_m
el esg1 2p1 A1

except in the case of Figure 40 e), for which the stagnation pressure pgegy3 is measured and peggq = pegg3 OF
Psg1 = Psg3-
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30.2.4.2.2 Fan outlet pressure

At the fan outlet:

P2 =P3

Pe2=0

Psg2

or

Pesg2

30.24.23 F

The fan pressg

PsfA=P2

pPin =P

N

= po

2
L [q_mj
2p1 \ 42

2
N (q_MJ
2p1 \ 42

an pressure

ures are given by the following equations:

[~ Psg1 = Pa ~ Psg1 = ~ Pesg1
1 2 1 2
dm DL
kg2 — Psgl = P2+—[—]-P3+—[—]
g * 2p1 \ 42 2p1\ 43

) 2 ] 2
L [‘Lﬂ] — | pog + — (q_m]
o1 A2 2p1 (43

30.2.4.3 Cajculation of volume flow rate

The volume fl

pw rate at inlet conditions-is-determined by the following equation:

] m dm

dQysgl =
g A

’sg Psgt
Rw@sg1

30.2.4.4 Cajculation of fan air power

The fan air pg

wers are determined by the following equations:

Pusa = dysg1Psta

Pua = dysg1Pia

Fan efficiencies are calculated in accordance with 14.8.1.
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30.2.5 Fan performances under test conditions

Under test conditions, the fan performances are:

— inlet volume flow, gy41;
— fan static pressure, pgia;
— fan pressure, psp;

— fan efficiency, 75, Or 7,a-

30.3 [Outlet-side test chambers

30.3.1 Flow rate determination

The flpw rate is determined using:

ultiple nozzles in chamber (see Clause 22, Figure 41);

|
3

N orifice plate in chamber (see 24.8.1, Figure 41).

|
)

Dimensiors in millimetres

Ja 2050,
;0,51_ 38 +6 .
38 6 N
PL1 PL2 PL4 PL6|||PL8
5
1 | | 3
/ | Y | /
, . | ) >2,5d, — 7
— 11 i =
1 | ~~ BN =
| [T
m | +
2
PML Lo AP

Key

1 testfan (vane-axial type shown)
2  flow-settling means
3  variable exhaust system

a8  The distance J shall be equal to at least the diameter of the outlet duct for fans with axis of rotation perpendicular to
the discharge flow, and to at least twice the diameter of the outlet duct for fans with axis of rotation parallel to the
discharge flow.

Figure 41 —Category A test installations (outlet-side multiple nozzle test chamber)
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30.3.2 Measurements to be taken during tests (see Clause 20)

Measure:

— rotational speed, N, or rotational frequency, #;

— power input, P,, P, or P, and estimate impeller power (see 10.4);

— flowmeter

differential pressure, Ap;

— upstream pressure, pgg;

— chamber pressure, pgy;

— chamber|temperature, 7.

In the test englosure, measure:
— atmosphgric pressure at the mean altitude of the fan, p;
— ambient {femperature near the inlet, 7;

— dry and wet bulb temperatures, T4 and 7,,,.

Determine the

30.3.3 General procedure for compressible fluid flow

ambient air density, p,, and gas constant of humid air, R,,, in;accordance with Clause 12.

This procedufe should be applied when the reference Mach number Ma, ¢ is greater than 0,15 and the

pressure ratig greater than 1,02.

30.3.3.1 Cajculation of mass flow rate

30.3.3.1.1 The mass flow rate is determined_ using multiple nozzles in the chamber (see Clause 22 and

Figure 41).

The chamberlis followed by a control device or an auxiliary fan with a control device.

Assuming thaft

P6 =PaTPes

s _ 4l
Dg

Pe
P6 Ry, Og

The mass flow

rate is given by the following equation in accordance with 22.4:

2
n d8 .
G = &TZ{CJ- TJJ\IZpeAp
=

where

£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;

132
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G is the discharge coefficient of the jth nozzle as a function of the nozzle throat Reynolds number
Regg;, see 22.4;
B=0and C=q

Cj = is calculated in accordance with 22.4 and Table 4;

n

is the number of nozzles, equal to 1 for a nozzle at the end of the chamber.

For each nozzle, the throat Reynolds number Re g is estimated using the following equation:

with g

After
numb

30.3.3
see 24

Assun

p

)

e

The m

S

wherg

30.3.3

M &
ernr - TC g 2P6 0D y 106
98] 7 171 + 0,048 T,

;=0,95.

b first estimation of the mass flow rate, the discharge coefficients, G, are corrected for
br variations.

1.2 The mass flow rate is determined using an orifice plate in the test chamber with
1.8.1 and Figures 20 e), f) and g) and 41.

ning that

5 =Pa T Pe6

6= T6+273’15= @Sge

118
+=—=£<0,25
Ji) P

6
° RWQG
ass flow rate is given by the-following equation in accordance with 24.5.

d2
m =~ amTS 2pglp
ac¢ is determined in accordance with 24.5 and 24.8.1.

.2 ,Calculation of fan pressure

30.3.3

the Reynolds

wall tappings,

.2.1T Fan outlet pressure

P2 =P4=DPe4 T Pa

o,

O,

S

392: g4:T4+273,15:@Sg6

The Mach number Ma, and the temperature @, are determined in accordance with 14.4.3.1 and Figure 4.

Ma2

O, = @ng FY

Masgz
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2 RWQZ RWQZ
2
Psg2 = P2 +_[‘I_mj Sme
s
? 2p7 4z
or
2
e o]
Pesg2 = Pe2 T 5 — | /we
P2 (A2 )

Jfuo being detg¢rmined in accordance with 14.5.1.

30.3.3.22 F
Psg1 = Pa

O,

sg1 = T4

The Mach nu
14.4.4 and 14

P1=Psg1

or

Pel1 =7

30.3.3.2.3 Fpn pressure

The fan static

pressure pga and-thefan pressure pgs are given by the following equations:

an inlet pressure
Pesg1 = 0

+ 273,15

mber May, the ratio psy4/p4, and the Mach factor /4 are calculated in accordance with 14

5.1.
2

1 (g,
(AJ Swn

2p;

4.3.2,

PstpA = P2 [ Psg1 =P2 “Pa=Pe2
PfA = Psgq ~ Psgl = Pesg2 ~ Pesgl1 = Pesg2
_ P[P
pm 2
K, v
Pm

30.3.3.3 Calculation of the volume flow rate

Under the test conditions the volume flow rate is determined by the following equation:

dysgl =

9m

Psgl

134
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where

Pa
Rw@sg1

Psgl =

30.3.34 Reference Mach number less than 0,15 and pressure ratio less than 1,02 (see 14.8.5)
The flow through the fan and the test airway may be considered as incompressible.

@1 = @Sg»] = @2= @ng= @4= @Sg4: @U: @a: Ta+273,15

N =/m2 =1
K =1

30.3.3.4.1 Calculation of mass flow rate

The mass flow rate is determined in accordance with 31.3.3.1.

30.3.3.4.2 Calculation of fan pressure
30.3.34.21 Fan outlet pressure

_ — e = e = —_Pa
1_psg1_p2_p592_p4_pu_pa_RW@a

oy

=

2

1 9m

= 4+ — | 2
sg2 = P4 2,01 [AZJ

or

=

2

1 qm

= 4+ — _
esg2 = Ped 204 (Azj

30.3.34.2.2 Fan inlet pressure

1=Don1—L(q—mW2
SRR Ty

2
» __ 1 {dn
20 (4

30.3.34.2.3 Fan pressure

S

The fan pressures are given by the following equations:

PstA = P2 —Psg1 =P4 — Pa=Pes
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2
p = p - p = p + L q_m — p
fA sg2 sg1 4 2,01 Ay a

2
1 A
= + — | 2 =
Pes T 5 1 (A2] Pesga

30.3.3.4.3 Calculation of volume flow rate

Gysg =~ = —Im
r'sq Deg1 ( U"g1 \
Rw@g1

30.3.3.4.4 (Calculation of fan air power
The fan air pdwers are determined by the following equations:
Pusa = dyjsg1PstA
Pup = qygg1-Pia
30.3.3.4.5 Calculation of fan efficiencies
Fan efficiencigs are calculated in accordance with 14.8.1.
30.3.4 Fan performance under test conditions
Under the tes} conditions, the fan performances are as*follows:
— inlet volume flow, gysq1;
— fan static|pressure, pga;
— fan presgure, p;a;

— fan efficigncy, 75, OF 7p.

31 Standard test methods with outlet-side test ducts — Category B installations

31.1 Types|offan setup

Two general setups of fan are shown:

a) outlet test duct with antiswirl device, the pressure being measured downstream of the antiswirl device;

b) outlet duct of the short type; 2D or 3D long without antiswirl device, in which no measurements are taken,
followed by an outlet chamber and a flowmeter. The results obtained in this way may differ to some extent
from those obtained using common airways on the outlet side.

Eight methods of controlling and measuring the flow rate in the test duct are shown in the first case, and two

methods in the second case. The method of flow rate measurement is specified in each case, together with
the clauses and figures giving details of the flow-measurement procedure.
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A common procedure, comprising measurements to be taken and quantities to be calculated, allowing the
determination of fan performance in category B installations, is given in 31.2.3 to 31.2.3.5. It is generally valid
for all fans in accordance with this International Standard.

A simplified procedure may be followed when the reference Mach number Ma,, . is less than 0,15 and the
pressure ratio less than 1,02. In these circumstances, the procedure which is given in 31.2.4 may be followed.

31.2 Outlet-side test ducts with antiswirl device

31.2.1 Mass flow rate determination

The mass flow rate is determined using:

|
o

Litlet orifice with wall taps, see 24.8 and Figure 42 a);

in-duct orifice with D and D/2 taps, see 24.7 and Figure 42 b);

— Pjtot-static tube traverse, see Clause 25 and Figure 42 c);

|
3

ultiple nozzles in chamber, see Clause 22 and Figure 42 d).
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LT2;|A Dl’;‘ BDL ;I:D['>< 29,204 e 11206
PL1 PL2 PL4 . PLG
| | | 1):\7
1 C
- = 3
, S D S s\l —1
: ®y |
/

1 m— f
2 3 Pea

=]

B15d,

Key

1 test fan (open inlet centrifugal type shown)
2 transition guct rectangular to round
3  flow straightener (only required if swirl present)

a) Flow rate determination using an outlet orifice

LTZ; Dh; 304

<
d

D, , 2100, V7 250

»lag
g -

A
\
A
A
Y
A
A

.

20,

A

Py

PL1 PL2 PL4 PL6 PL8

._)xxyw

?. 7@ N
=7
3

M

<
©
L1
2 3 st Pes
Key
1 test fan (open inlet centrifdgal type shown)
2 transition guct rectangular to round
3  flow straightener (enly required if swirl present) (star type shown)
4  flow throttlingdevice

b) Flow rate determination using an in-duct orifice with taps at D and 0,5D

Figure 42 — Category B test installations (with antiswirl device)
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A
Y
A
A

A

20,

A

 J
A
A
A

o1 |

Jpe4 ?i 4 5

Pes A,D
Key

—

gst fan (tube-axial type shown)

lpw straightener (only required if swirl present) (star type shown)
ransition piece, convergent when Dg # D,; included angle 20°
P|tot-static tube traverse

low throttling device

=

a b WN -
—

=h

a8 THis cylindrical airway section of length D, may be replaced by:.a\transition section in accordance (with Clause 30
when rfequired to accommodate a change in area and/or shape.

c) Flow rate determination using-a Pitot-static tube traverse

LTZ; D[,_; ZD[,_ _ D[, Dh; L 20,506 .

< < <
< Bttt Bttt Bl =g B

A
A

38 6

Y
A

!

PL1 PL2 PL4 < | PL6PL8

8D

J

l

1 2 3 rPaslJ 4

s ; a 7 S
A \ " |/ =
|

Pes UL A,D
<250,

A

Key

test fan (vane-axial type shown)

transition section

flow straightener (only required if swirl present) (star type shown)
flow-settling means

auxiliary fan

a b wWwN -

d) Flow rate determination using a multiple nozzle chamber

Figure 42 (continued)
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31.2.2 Measurements to be taken during tests (see Clause 20)

Measure:

— rotational speed, N, or rotational frequency, #;

— power input, P,, P, or P, and estimate impeller power (see 10.4);

— outlet pressure, pgy;

— pressure, pgg, Upstream of flowmeter;

— differentia

| pressure An:
™ T =077

— chamber|temperature, Tg.

In the test eng¢losure, measure

— atmospheric pressure, p,, at the mean fan altitude;
— ambient {femperature near fan inlet, 7;

— dry and wet bulb temperatures, T4 and 7,,.

Determine the

31.2.3 General procedure for compressible fluid flow

ambient air density, p,, and the gas constant of humid air, Ry, (see Clause 12).

This procedufe should be applied when both the reference Mach number Ma, ¢ is more than 0,15 apd the

pressure ratio

31.2.3.1 Cajculation of mass flow rate
31.2.3.1.1 The mass flow rate is determined using:
— outlet orifice with wall taps, see 24.8 and'Figure 42 a);

— in-duct orifice with taps at D andD/2, see 24.7 and Figure 42 b).

is more than 1,02.

The outlet test ducts for pressure,and flow rate measurements are followed by a control device or an ayxiliary

fan with a cont

a) The temperature in the test duct 7, or T is not measured.

rol device.

This is the nofmalprocedure.

Assuming that

Pe=Pes t

Pa

Osgr =Ty + 273,15

F or P,
@ng :@sg1 +
qmcp
2
m
Op :@sg6 -
2 2
245 p6¢ )
140

2
4m

=0gq +

2 2
245p6¢)
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but 5, G46 and g,, are unknown.

The mass flow rate is determined by the following equation:

2

d
0n = 28 oy

801:2007(E)

wher

A

An itg
of B

Three

b) T

and th
31.2.3

NOTE

is the expansibility coefficient determined in accordance with 24.7 and 24.8;

is the flow coefficient function of Reynolds number Re g or Repg estimated by the followi

a£dg\2pehp o6

R -

48 T 471 10,0487
aeBdg2pA

Repg = fde\2petp x 10°

17,1 + 0,0487T%

or the compound coefficient, ae, is determined iftaccordance with 24.7, 24.8 and Figures

rative procedure should be applied to calculate 65, pg, Re;g Or Repg, a and g, from
O = Osg6 = Osq1-

or four iterations are sufficient to @btain ¢,, with a calculation accuracy of three places of d
he temperature Ty is measuréd: It is considered as a stagnation temperature Oyy¢:
qz
6 = T6 + 273,15 £ 2—”12
243 p6¢)
e above precédure is applied.
.1.2 _Flow rate is determined using a Pitot-static tube traverse, see Clause 25 and Figure

For the installation in Figure 42 d), plane 4 and plane 6 are identical.

ng equations:

P1, 22 and 23.

a first value

Bcimals.

42 c) and d).

The outlet ducts for pressure and flow rate measurements are followed by a control device or an auxiliary fan

with a

control device.

Assuming that

1 n
Pes = " Z Pe6j

j=n

P6 =Pes T Pa

© 1SO 2007 — All rights reserved
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P or P
Osge = Osgr + : €
qmcp
-1
Pe K
O = Osgp ( j
g Ps + Appy

)|

The mass floy rate ¢, is determined by the following equation:

dm = afAs\|2P6 APm

where ¢ is a flow rate coefficient function of the Reynolds number R¢j g very close to 0,99 (see 25.6).

\2P6 APm

ReDG = (ZSDG

17,1 + 0,0487T%

108

where ¢ is theg expansibility coefficient (see 25.5):

Appy,

|1 App N K‘+1[
2k peg 612

V43

;

1/2

A first approximation of ¢, is calculated with o= 0,99 and ¢ is calculated by the expression above.

This value of g, allows calcdlation of Rejg, @ and a second value of g,,,.

Two or three|iterations are sufficient to determine the mass flow rate with a calculation accuracy of

places of decimals.

31.2.3.1.3 The mass flow rate is determined using multiple nozzles in chamber, see Clause 2

Figure 42 d).

three

and

The outlet ducts, for pressure and flow rate measurements, are connected to a downstream flow control
device or an auxiliary fan combined with a flow control device.

The temperature Tg in the chamber may be measured:

P6=Pes t Pa

142
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@6: @Sgsz T6+273,15

d
B=-2=0
Dg

_ Pe
P8 =R 05

The mass flow rate is given by the following equation:

= a2
g, =<cm %1 Lc_j TJ NLILY:
wherg
£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
G is the discharge coefficient of the jth nozzle, as a function of thenozzle throat Reyn¢lds number;
Regej  see22.4;
A=0and C;= o;
C_. = «; is calculated in accordance with 22.4 and Table 4;

J

is the number of nozzles, equal to 1 for a nozzle on the end of the chamber.

S

For egch nozzle, the throat Reynolds number, Re g, i§’€stimated using the following equation:

_ Ecjdgj,lszAp X1O6

48] 971 + 0,048 T,

=

with ¢ = 0,95.

After B first estimation of the mass flow rate, the discharge coefficients C; are corrected for |the Reynolds
number variations.

31.2.3.2 Calculation'of fan pressure

31.2.3.2.1 Fan outlet pressure

Assuming(that

P4 =Peq T Pa

F or P,

@sg4 = @ng = @sg1 +
9mCp

= @SQG = T6 + 273,15

The Mach number in section 4 and the ratio May/Magsy, are determined in accordance with 14.4.3.1 and
Figure 4.

M(l4

T
9
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__Pa
P4 = R0,
2 4 6
M M M
fma =1+ 94 T4 | 04 (see 14.5.1)

4 40 1600

The friction-loss coefficient between sections 2 and 4 (&_4), is calculated in accordance with 28.6 and
Figure 35.

The stagnation pressure at fan outlet Psg2 is given by the following equation:

2
Psg2 = |pa+ %.fm [1 + (5274)4}

or

2
Pesg2 =| Pea + p42Vm4 Sma [1 + (5274)4]

The static density, p,, and the pressure, p,, are calculated in accordance with14.5.2, Ma, being determiped in
accordance with 14.4.3.2 and Figure 6.

A%
P2=Dsgd — P2 %2 fm2
1 2
Am
=Psgt—=— | ——| fwm2
9t 2py {Azj

or

2
_ 1 [ 4m
Pe2 = Pdsg2 2p, [A2] Sm2

31.2.3.2.2 Fpn inlet pressure

At the fan inlet, psy1 = pa, @sq1,="B5 and p; may be determined in accordance with 14.5.2 and 14.4.3.2.

2
2

_ _ Vm1 — _ 1 dm

P1= Psg P15 v = Psg 2 (_AJ Smi

Ma4 and p, bTing calculated in accordance with 14.4.3.2 and 14.5.2 and Figures 4, 5 and 6.

We have also:

Pesg1 = 0

2
I N
Det1 = 20 (AJ Sm1
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31.2.3.2.3 Fan pressure

The fan pressure pgg and the fan static pressure pgs may be calculated using the following equation:

PfB =Psg2 ~ Psg1 = Pesg2
PstB = P2 ~ Psg1 = Pe2

P2 t P

Pm = 2

and

e

b= P1/Pm
31.2.3.3 Calculation of volume flow rate

The vplume flow rate is calculated by the following equation:

— qm _ qm
AQrsgt = =
Psgt Psg1
Rw@sg1

31.2.3.4 Calculation of fan air power

31.2.3.4.1 Fan work per unit mass and fan air power

In acqordance with 14.8.1, the fan work per,_unit mass , g and the fan static work per unit mass W, g are
given py the following equations:

a 2 2
W,g = P2 P1 n sz _ YmA
2
2
_ Pz— P1 [ ] [ dm j
A2p2 414
Pe2 ~ Pe1) | an _ Ymit
P 2 2
2 2
WSS P2 P1_ Vmi Pz—P1_l(61m]
e
¢ Pm 2 Prm 2\ A1py

The fan air power P g and the fan static power P g are given by the following equations:

Pyg=dmW,s

Pysg = dmW s
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31.2.3.4.2 Calculation of fan air power and compressibility coefficients
In accordance with 14.8.2:

Py = qysg1 P18 kp

PysB = dysg1 PstB kps

The compressibility coefficients kp and kpS may be determined by two equivalent methods (see 14.8.2.1 and
14.8.2.2).

a) First method:
Zlo
kps OF kp| = k09107
|Og10[1 + Zk (l" — 1):|
where
r=1+ 4B
Ppgt
for kp or
P
r=1+ 38
Py
for kyg and
Z = k1 B
K dysgtl PfC
for ky or
- P
Zi = x 1 r
Kl 4ysg1 PsfC
for kps.
b) Second method:
In (1+\x Z
kps OF ky = ( ) P
X In (1 + Zp)
where
x=r — 1= LB for ky
Psgi
or
x = 2B for kps
Psgi
and
x—1 B
Zy=—-—"—

K 4ysg1Psgt
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31.2.3.5 Calculation of efficiencies
In accordance with 14.8.1, the efficiencies are calculated by the following equations:

— fan efficiency:

PuB
B

hc =

— fan static efficiency:

PusB
Vg = —
srC P,
— fan shaft efficiency:
PuB
Vs =
aC Pa
— f3n static shaft efficiency:
PusB
Vg = —
saC P

a

31.2.4 Simplified method

The rgference Mach number Ma,, . is less than 0,157and pressure ratio less than 1,02 (see 14.8.5).

The a|r flow through the fan and the test airway-may be considered as incompressible.

QD

1= @Sg1 = @2: @ngz @a:Ta+273,15

o= P2 = pa= pg = pu= —L2—
1 2 4 6 a RWQa

M1 =Sz =1

k) =1

31.2.4.1 _Calculation of mass flow rate

The mass flow rate is determined in accordance with 32 2 3 1

31.2.4.2 Calculation of fan pressure

31.2.4.2.1 Fan outlet pressure

According to the assumption above,

P1= Psg1 = P2 = Psg2 =P4=P6=Pa~ R0,
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2
Psg2 = P4 + 2171 [Z—Z] [1 + (2-4)a J

] 2
Pesg2 = Ped + Tm[%] [1 + (52—4)4]

2
Po=D — L q_m
2 sg2 2p; | 4,

2
D =p — L q_m
e2 dsg2 2,01 A2

31.2.4.2.2 Fhn inlet pressure
Psg1 = Pa

Pesg1 = 0
2
p1=r _L [ﬂj
¥ 2p4 (44

2
Pe1 =D — L ﬂ
el epg1 2,01 A1

31.2.4.2.3 F@n pressure

The fan presgure pgg and the fan static pressure ps may be determined by the following equations:
PfB =Psgd ~ Psg1 = Psg2 ~— Pa = Pesg?
PstB =P2[ Psg1 =P2 —Pa=Pe2

31.2.4.3 Calculation of volume flow rate

The volume flpw rate is\given by the following equation:

_ | 4m
dysgt =
Psgt
o _ Psqt
sgl — & 5
9 Rw @91

31.2.4.4 Calculation of fan air power

In accordance with 14.8.5.6
Py = dysg1 Pt

PusB = dvsg1 PsfB
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31.2.4.5 Calculation of fan efficiencies

Fan efficiencies are determined from P g or P g as in 32.2.3.5.

31.2.5 Fan performance under test conditions
Under test conditions, the fan performances are:
— inlet volume flow rate, gyg1;

— fan pressure, prg;

—h

gn static pressure, pyg;

—h

gn efficiency, 7,5 or 7g-

31.3 [Outlet chamber test ducts without antiswirl device

It is rqcommended to use the setups below only for fans without outlet swirling-flow.

31.3.1 Mass flow rate determination
The mjass flow rate is determined using multiple nozzles in chambetf, see Clause 22 and Figure 43.

Dimensiorns in millimetres

Ja =040,
05/ 38 +6
38 16 N
PL1 PL2 PL4 PL6|||PL8

s
1 3

22 5d; 7

|
\uh

| Pes L peGUt Ap

1 testfan 2  flow-settling means 3 auxiliary fan

i

|
LA

:

1 en,

B Ky W

Key

a8  The distance J shall be equal to at least the diameter of the outlet duct for fans with axis of rotation perpendicular to
the discharge flow, and to at least twice the diameter of the outlet duct for fans with axis of rotation parallel to the
discharge flow.

NOTE The distance between section PL2 and the test chamber must be in accordance with Figure 36.

Figure 43 — Category B test installations (without antiswirl device) using multi-nozzle chamber
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31.3.2 Measurements to be taken during test (see Clause 20)

Measure

rotational

pressure,

outlet te

In the test eng

atmosphg

speed, N, or rotational frequency, n

power input, P,, P, or P, and estimate impeller power (see 10.4);

outlet pressure, pgy;

Deg Upstream of the flowmeter;

diﬁerentIl presstreAp:

perature, Tg.

losure, measure

pric pressure, p,, at the mean altitude of the fan;

— ambient femperature, T,, near fan inlet;

dry and v

Determine the

31.3.3 Genel

This procedu
pressure ratio

31.3.31 Ca
The mass floy

The outlet du
auxiliary fan v

The temperat

et bulb temperatures, T4 and 7,
ambient air density, p,, and the gas constant of humid air,\R,, (see Clause 12).

al procedure for compressible fluid flow

e should be applied when both the referencecMach number Ma,, ¢ is more than 0,15 a
is more than 1,02.

|culation of mass flow rate

v rate is determined using multiple nozzles in chamber, see Clause 22 and Figure 43).

cts for pressure and flow_rfate’ measurements are followed by a flow rate control device
ith a flow rate control device.

ire T in the chambet-may be measured:

Pa

= Ty +278,15

P6=Pes T
@62839
e = D
6 R,

nd the

or an

The mass flow rate is given by the following equation:

2
n d2.
8
I =8WZ{CJ'TJ] \2peAp
J=1

where

&

150

is the expansibility coefficient in accordance with 22.4.3 and Table 5;
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number Reg;;

B=0and Cj: a;;

Cj =a; is calculated in accordance with 22.4 and Table 4;

n

is the number of nozzles.

For each nozzle, the throat Reynolds number, Re g, is estimated with the following equation:

ECJ-dQJwVIZDaAD 1OG

is the discharge coefficient of the jth nozzle, and is dependent upon the nozzle throat Reynolds

=

with g

Itis re

48 = 971 4 0,048T5
= 0,95,

commended to use these setups only for fans without outlet swirling flow.

After & first estimation of the mass flow rate, the discharge coefficients, G, are determined and ¢

31.3.3

31.3.3

Assun

P

The s

.2 Calculation of fan pressure
.21 Fan outlet pressure
ning that

t =Pe4 t Pa
Loor Py

sg4 Z@ng :@SQG :TG +273,15 :@sg1 T
9mCp

ection 2.4 being the section of the-outlet duct at the entrance to the chamber (4, 4 = 4,

brrected.

if there is no
Hetermined in

outlet|duct simulation), the Mach number at section 2.4, Ma, 4, and the ratio Gs;4/6 4 are
accorglance with 14.4.3.1 and Figure*5.
2.4
@24 = Oggq —=
> @sg4
Py
A2.4 =
Ry O35z
Ma5, ~ Mazs  Ma3y
Imz.4 T+ ' ' '
4 40 1 600
(See 14.5.1 and Figure 4.)

There is no loss allowance for this test duct, and the stagnation pressure at section 2 is given by the following

equati

on:

2
1 q
Psg2 = P4 +5—— (—m] fM2.4

or

2pp4 \ A4

2pp4 \ A4

2
1 q
Pesg2 = Ped + ( - J fm2.4
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The pressure p, and the static temperature @, in section 2 are determined in accordance with 14.5.2, Ma,
being calculated in accordance with 14.4.3.2.

_ D2
P2 —Rw@z
2
2
Vm2 1 dm
P2="Psg2 — P25 fmM2=P 2——[—J Sm2
s9 2 9 2,02 A2
or
_ J 1 (4m i
Pe2 = Pdsg2 2p, [Azj fm2
31.3.3.2.2 Fpn inlet pressure

At the fan inle

t

Ogqr = O =T, + 273,15
Psg1 = Pa
and p, may pe determined in accordance with 14.5.2, Ma, and @;.being calculated in accordanc
14.4.3.2.
2
- T [ 4w
P1= Psg 24 [“HJ S w1
2
1 (g ]
Pet=—F4—|——| Swmt
e 401 [A—]
31.3.3.2.3 Fpn pressure

The fan presg

ure, prg, and the fan static.pressure pig may be calculated by the following equations:

e with

PiB = Psgd — Psg1 = Psg2 — Pa=\Psg2
PstB =P2[ Psg1 =P2 “RPa=Pe2
_ P2[t+ P
Pm —2
and
P
Pm
31.3.3.3 Calculation of volume flow rate

The volume fl

ow rate is calculated using the following equation:

9m dm

dysgl = =
g Psgl [

152

Psgt
Rw @sg1

|
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31.3.3.4 Calculation of fan air power

31.3.3.4.1 Fan work per unit mass and fan air power

In accordance with 14.8.1, the fan work per unit mass , g and the fan static work per unit mass W, g are
given by the following equations:

2 2
W oo = P2 = P1 | Ym2 _ Ymi
mB ~
Pm 2 2
2 2
o pppy A an )\ 1 dn )
Pm 2 42p2) 2\ a4p)
2 2
_ Pe2 " Pet | Ym2 _ Vmft
Pm 2 2
2
W P2 P M_Pz—m_l[qm]
msB — =
Pm 2 Pm 2 { Aypq

The fgn air power P g and the fan static power P g are given by the following equations:
P =98

Plise = 4P s

31.3.3.4.2 Calculation of fan air power and compressibility coefficient

In acgordance with 14.8.2:

v

LB = 9vsg1 PiB kp

v

1sB = 9¥sg1 PsfB Kps

The cpmpressibility coefficients &, and ks may be determined by two equivalent methods (seq 14.8.2.1 and
14.8.2.2).

a) Fjrst method;

Zk |Og10 r
I,gcork, =
i P |001n[1 +Z!, (7—1)}
where
r=1 4+ LB
Psgi
for kp or
r :1 + pSfB
Psgt
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for fan static air power and

K qysg1 PfB
for fan air power or

Kk —1 F
K 4ysg1PstB

Zy =

for fan static air_ power.

b) Second method:

In( +x) Z,
X1+ 7)

where

4]
Psgt

x=r-1F

or

(o DS
Psgi
and
k+1 A
K dysgl Psgt

31.3.3.5 Cajculation of efficiencies
In accordancg with 14.8.1, the efficiencies-are given by the following equations:

— fan efficigncy:
PU
B = P

— fan static|efficiency:

Pl

oD

P,

NsrB =

— fan shaft efficiency:

PuB

Py

NaB =

— fan static shaft efficiency:

PusB

Py

NNsaB =

154
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31.3.4 Simplified method
The reference Mach number Ma, . is less than 0,15 and the pressure ratio less than 1,02 (see 14.8.5).

The air flow through the fan and the test airway may be considered incompressible.

@1=@Sg»]=@2=@ng=@4=@Sg4=@6=@Sgs=@a=Ta+273,15
P1=Po = pa = pg = pa =22
1=P2=P4=Ps=Pa=p o
N =Im2=1
k=1

31.3.4.1 Calculation of mass flow rate

The mass flow rate is calculated in accordance with section 32.2.3.1
31.3.4.2 Calculation of fan pressure

31.3.4.2.1 Fan outlet pressure

In accordance with the assumptions above,

Pl = Psg1 = P2 = Psg2 = Pa

2
1 qm
= 4+ — —
sg2 = P4 201[A2

S

=

2

1 (g,

= 4+ — |
esg2 — Ped 2p1 [AZJ

2
1 (4
2:p592__[_m] 7 Pa

=

2p1 \ A4

awt
N
_—
N
)
3 |s
N—
N
I
>
[0
~

e2 = Pesg2

31.3.4.2.2. \Fan inlet pressure

Psg1 = Pa
Pesg1 = 0
1 2
q
P :psg1 - 2_101 [A_’:IJ
1 2
—_ |4
Pet 201 [A1
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31.3.4.2.3 Fan pressure

The fan pressure pgg and the fan static pressure pgs may be determined by the following equations:
PfB =Psg2 ~ Psg1 = Psg2 ~— Pa = Pesg2
PstB =P2 ~ Psg1 =P2 ~Pa=Pe2

31.3.4.3 Calculation of volume flow rate

The volume flow rate is given by the following equation:

_ qm _ qm
Qysgl = =
RFsg1 Da
RW@sg1

31.3.4.4 Cajculation of fan air power
In accordancg with 14.8.5.6:

Pug = 4qr491 PrB

Pusg = disg1 PstB
31.3.4.5 Calculation of fan efficiencies

Fan efficiencigs are determined from P g or P gp.

31.3.5 Fan performance under test conditions

Under test copditions, the fan performances are the following:
— inlet volume flow, gyq1;

— fan presgure, pe;

— fan static|pressure, pymg;

— fan efficigncy, 7,5 or 5g-

32 Standard test methods with inlet-side test ducts or chambers — Category C
installations

32.1 Types of fan setup
Two general types of setup of fan are shown:
a) inlet duct, where the inlet pressure is measured in the test duct;

b) inlet chamber with, at the end of the chamber, inlet duct simulation — the inlet pressure is measured in
the chamber.
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Six methods of controlling and measuring the flow rate in the test duct are shown. The method of flow rate
measurement is specified in each case, together with the clauses and figures detailing the flow rate
measurement procedure.

A common procedure, comprising measurements to be taken and quantities to be calculated, allowing the
determination of fan performance in category C installations with nine methods for determining flow rate, is
given in 32.2.3.1.1 to 32.2.3.1.3 and 32.3.3.1.1 to 32.3.3.1.2. This procedure is generally valid for all fans
conforming to this International Standard.

However, a simplified procedure may be followed when the reference Mach number Ma,, is less than 0,15
and the pressure ratio is less than 1,02. In these circumstances, the procedure which is given in 32.2.4 may
be followed

32.2 |[Inlet-side test ducts

32.2.1 Mass flow rate determination

The mjass flow rate is determined by

|
O

bnical or bellmouth inlet, see Figure 44 a);

in-duct orifice with D and D/2, see Figure 44 d);

— Pijtot-static tube traverse, see Figure 44 e);

— Pijtot-static tube traverse, see Figure 44 f).

0,750 0,505 Dy

<
g Vl‘

PL3 PL1 PL2

Y
A
_\

PL7 PL5

/.-f°

Ap

Key

\:
3 v
Pes f
3
1 flowStraightener{eel-ype-shewn)
2 transition section — the straight section with =0 and length > 3D can also be used, i.e. D5 = D4 test installation
3  testfan (tube-axial type shown)

a) Flow rate determination using a conical or bellmouth inlet

Figure 44 — Category C test installations (inlet-side test duct)
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ELrDS
0,105 >i 2205 - - 203 >i< D3 -
PL7 PL5 PL3 PL1 PL2
!
Y i I } < \r =
e e S W L s — L
AL 1y
& Il
o
Ap L Pes
1 2 3 4
Key
1 transition $ection
2 auxiliary fan
3 transition $ection, round to rectangular, in accordance with Clause 31
4 test fan, shown with an integral inlet-box
b) Flow rate determination using an inlet orifice with wall taps
i< 1,205 ol 24,103 sle D3 >i< D3 ol 203 >i
PL7 PL3 PLA1 PL2

| |

| I 2 T

o o aa) 3 2

> T% M~ S RIRRX B
Y & >
AP 1 s Pes 2
1,5 < Dg/Dg § 6
Key

1 transition section
2  test fan (vane-axial type shown)

c) Flow rate determination using an inlet orifice with wall taps

Figure 44 (continued)
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D3 Dy Dy 203 C
< = < > -l >
PL3 PLA1 PL2
!
. ‘l x)@! la re
t;: ?@S R
\at Pes f
1 2 3 4 5
Pes Ap
Key
1 inflet throttling device
2 intduct fixed orifice
3  transition piece
4 flpw straightener (cell type shown)
5  tgst fan (tube-axial type shown)
d) Flow rate determination using an in-duct,orifice with D and 0,5D wall taps|
- 203 i 5,50, >i< D5 < 204 >i
PL3 PL1 PL2
\ﬁ :
— Qm K QR XRRERRARAIARS L 2
_{ — s &K 3 & 3
q \\ 8 g K %
1 2 3 4
Pes Ap

Key
1 inlet throttling device
2  flow straightener (star type shown)
3  Pitot-static tube traverse plane
4 test fan (two-stage axial type shown)

e) Flow rate determination using a Pitot-static tube traverse

Figure 44 (continued)
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- 203 e 5,50, >i< D5 < 204 >i
PL3 PL1 PL2
m )Q( :
_————==> - —— g _— % R = &L
/ Y | '
2 3 4 5
Pes Ap
Key
1 inlet throttling device
2  flow straightener (star type shown)
3  Pitot-stati¢ tube traverse plane
4  round to spjuare transition duct, in accordance with Clause 30
5 test fan, shown with an integral inlet-box

f) Flow rate determination using a Pitot-static tube traverse

Figure 44 (contiiied)

32.2.2 Meastirements to be taken during tests (seé-Clause 20)
Measure
— rotational speed, N, or rotational frequency, #;
— power input, P,, P, or P, and eStimate impeller power (see 10.3) and power input P of an auxiliary fan;
— flowmeter differential pressure, Ap;

— pressure| pe7 Or pg3, upstream of the flowmeter;

— inlet statip presstire, pgs.

In the test englosure, measure

— atmospheric pressure, p,, at the mean fan altitude;
— ambient temperature, T,, near the fan duct inlet;
— dry and wet bulb temperatures, T4 and 7,,,.

Determine the ambient air density, p,, and the gas constant of humid air, R, (see Clause 12).

32.2.3 General procedure for compressible fluid flow

This procedure should be applied when both the reference Mach number Ma,.s (see 14.4.2) is more than
0,15 and the pressure ratio is more than 1,02.
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32.2.3.1 Calculation of mass flow rate
32.2.3.1.1 The mass flow rate is determined using
— conical or bellmouth inlet, see Clause 23 and Figure 44 a);

— inlet orifice with wall tappings, see 24.8.2 and Figure 44 b) and c);

The flow rate is controlled by an adjustable screen loading [see Figure 44 a) and 23.2], by the orifice plate

[see Figure 42 c)], or by an auxiliary fan with a control device [Figure 44 b)].

Assumirg-that
pg7=0

Py =P3

QD

7: @Sg7: Ta+273,15

__P7
A7 R, O,
The mass flow rate is given by the following equation:

dg
Qn = e =~ 2p7Ap

wherg

S

in which the value of «is a mean:value:
agds\2p70p g
eg5 =————x10
17,1+ 0,0487,
gl is the expansibility Coefficient.

a, ¢ of the compound.ceefficient, as, are determined in accordance with 23.4, 24.8.2 and Figure
23 after estimation of Re ;5.

is the flow rate coefficient function ef the Reynolds number Re ;5 estimated by the following equation,

s 19, 22, and

32.2.3.1.2 The mass flow rate is determined using an in-duct orifice with taps at D and D/2 [gee 24.7, and

Figurg 44 d)]

Assuming that

D7 =DPe7 T P2

o,

g7 = Oy = Ty +273,15

2 2
Vm7 1 q
07 =057 —~ M =0, - 2_{_"1]
p

ch c

pP7

P7 = R, O;
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The mass flow rate is given by the following equation:
d2
Ay = 0‘67175 2p7Ap
where
e is the expansibility coefficient, a function of the ratio Ap/p;, and the Reynolds number Rej7;

aePds\2p7Ap 106

71+ 0,04877

ReD7 =

a is the flow rate coefficient varying with:

ds

,5=D7

67, p7 and ¢,, being unknown, ¢,, is determined by an iterative procedure taking’ ©; = 6,47 for the first
approximation.

Two or three iterations are sufficient for a calculation accuracy to three places/of decimals.

32.2.3.1.3 The mass flow rate is determined using a Pitot-static> tube traverse [see Clause 2% and
Figures 44 e)land f)]

Assuming that

P3=DPe3 {Pa

when the pregsure p5 is measured by the Pitot-static tube:

1 n
Pe3 :; ZPij
=1

Osgs =T +273,15

2
n
0,5
Apm = {;; 2. ] }

J=1

-1
[ p3 AY -
O3 =0Ogp3 | ———
59 LP3 +ApmJ
P3
P3 Ry, O3

The location of measuring points j is given in 25.4 and Figure 25.
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The mass flow rate ¢,, is given by the following equation (see 25.5):

2
D
G =OET T3 \2p34Pm
where

¢ is the expansibility factor (see 25.5);

a s the correction factor or flow coefficient (see 25.6) depending upon the Reynolds number Rejy3:

44, « 108

R -
D3 = Dy (17,1 + 0,0487;)

of varies between
0,990 + 0,002 for Repyz = 3 x 106
and

0,990 — 0,004 for Rej3 =3 x 10*

A first|approximation of g,, is obtained with &= 0,990 and correctedfor the value of Re,; (see 25(6).

32.2.3.2 Determination of fan pressure

32.2.3.2.1 Fan inlet pressure

The tyo following cases should be considered:

— there is no auxiliary fan between planes-5 and 3;

— there is an auxiliary fan betweenyplanes 5 and 3.

a) There is no auxiliary fan b&tween planes 5 and 3.
Py =Pe3tPa

Qg3 =Osgs = Osyr= On= Ogg1 = T, + 273,15

The Mach number Maz and the ratio Maz/Magy3 are calculated in accordance with 14.4.3.1.

Ma
@120 3
Maggs
P3
P3 Ry, O3

The inlet stagnation pressure Psgt is given by the following equation (see 14.6.1):
1 2
Psg1=P3 + = P3 Vm3/ M3 [1 + (&51)3 J

2

2
=p3 + i[%} f|v|3[1+(§3—1)3}
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where

(¢3_ 4)3 < 0 is the conventional coefficient calculated in accordance with 28.6.3 and 28.6.4;

3

Pe3

Pesgt = Pe3 +

is the Mach factor determined in accordance with 14.5.1;
is always negative.

1
2p3

[i—:]zfm3[1 +(&1)s ]

b) Thereis
In this case, (

If the impeller
an immersed

)

sg3 =4

In other casq
stagnation ter

The static te
calculated in

The pressure
accordance W

The density,
equation (see

hn auxiliary fan between planes 5 and 3 [see Figure 45 b)].
F3 _ 1)3 < 0 is determined by test and is not defined by this International Standard.

power of the auxiliary fan, P, or the motor input power of the auxiliary fan,.2,, (in the ¢
motor), may be determined, then:

By or Pey

qup

P._or P,
+ rx ex

qmcp

sg7 T =0, = @sg1

s, the temperature, T3, should be measured and the quantity 73 + 273,15 assumed tg
hperature.

perature, @3, is determined in accordance with.14.4.3.1 and the stagnation pressure
he same way as in the first case.

p4 is determined after the calculation of the Mach number Ma, and of the ratio ©,/4
ith 14.4.3.2.

b4, is calculated in accordance with 14.4.4 and the static pressure, p4, is given by the fol
14.5.2):

2
_ 1 2 _ 1 dm
P1= Psgt = 5 P1Vmt /M1 = Psgt 2p1[A1 Sm
or
2
1 oy 1 qm]
Pe1 = Pepgl ~ 5LVt SM1= Pesgt = 5| —— | /w1
e epg 2 m esg 2p1[141
32.2.3.2.2 Fan-outlet pressure

The static pre

P2 =P3

The stagnatio

Osgp = Cg3 +

164

ase of

be a

Psgt
4 in

sg

owing

ssure at fan outlet, p,, is equal to the atmospheric pressure, p,.

n temperature at fan outlet 6592 is given by the following relation:

P.or P,

qmcp
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The Mach number Ma, and the ratio May/Mag, are determined in accordance with 14.4.3.1.

Ma2
Oy = Qg2
9 Masgz
__P2 _ _Pa
P2 Rw@2 Rw@2

and Psg2 is given by the following equation (see 14.5.1):

=

=

32.2.3

The f4

lae]

The f4

lael

2
- 1 (4w f
esg2 2,02 A2 M2

.2.3 Fan pressure

fC = Psg2 ~ Psg1= Pa T

1

2p,

Im
A

=p +L(a—\j =p +L(CI_ 7
sg2 = P2 2p2LA2J M2 = Pa 2;02LA2J M2

n pressure, pse, is given by the following equation:

2 N
] Sm2=1P3 +%[Z—3j fM3[1+(6E3—1)3]

SM2—9 Pe3t

1 m 2 m ?
=%(2—2] 205 [Z—J f|v|3[1+(§3—1)3]

n static pressure, pgc, is given by the-following equation:

sfC = P2~ Psg1 = Pa —\P3

2
T (4m
+ 2—/)3[2—3] fM3[1 + (5371)3]

2
N
=—{pe3 +2] I 1+
Pe3 2,03[143] fma[ (5371)3]
_ P12
Am 2
P

32.2.3.3 Determination of volume flow rate

The volume flow rate at stagnation inlet conditions is given by the following equation:

_ 9m _ dm
dysgl = =
Psgt Psgi
Rw@sg1
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32.2.3.4 Determination of fan air power

32.2.3.4.1 Fan work per unit mass and fan air power

According to 14.8.1, the fan work per unit mass, W, ¢, and the fan static work per unit mass, W, ¢, are given
by the following equations:

2 2
_P2 — P11, Ym2  Vmi
Wnc= +
Pm 2 2
2 2
_pp=py Mgy V' A( gy )
Pm 2 dop2 ) 2\ 4p1)
2 2
:p62 Pet 1 [ dm j _ 1 dm ]
Pm 2 Azp2 2\ A1p
2 2
woo-P2=P1_Ym1_ P2=pP1 1| 4w
msC — - 2 - E P
Pm Pm 1P1
2
_| Pe2~ Pet _1[ Im ]
Pm 2\ Ap

The fan power, P ¢, and the fan static power, P 4, are given by the following equations:
Pic=9,Wnc
Pusc =494 Wisc

32.2.3.4.2 (alculation of fan air power and compressibility coefficients

In accordancg with 14.8.2

Puc = 4qy4g1 Pic kp

Pysc = jsg1 Psfc kps

The compressibility coefficients kp and kpS may be determined by two equivalent methods (see 14.8.2{1 and
14.8.2.2).

a) First method:

Zklog10 r
kys OF k| =
ps P '0910[1+Zk (l" —1)—‘
where
r=1+ LPic
Psgi
for kp or
= 1 + pSfC
Psgi
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for kg and
P S S
K 4ysgl PfC
for ky, or
7 = k-1 P

K 4ysg1 PsfC

>~

wherg

Psgt
or
= LsC for kps
Psgi
and
i x -1 A

K 4ysgl Psgl
32.2.3.5 Calculation of efficiencies

In accordance with 14.8.1 and 14.8.2.the efficiencies are calculated using the following equations:

[2]

— f3n efficiency:

PuC
e =7
F

— f3n static efficiency:

PusC

r15rC N P
A

— fan shaft efficiency:

PuC

Py

Mac =
— fan static shaft efficiency:

PusC
NsaC = P,
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32.2.4 Simplified method

The reference

O, = @sg1

Mach number, Ma,, is less than 0,15 and the pressure ratio less than 1,02

=0y = Ogqp = O3 = O3

The temperature in the test duct may be measured and

1=/ =

kp=1

mz =1

The air flow th
fan.

32.241 Ca

The mass floy

32.24.2 De

322421 F
Assuming thaft

O,

O, = sg

@3 = Ta +
When there i

o,

O, = sg

P3=Pe3 T

In accordancg

Psgt =P

rough the fan and the test airway may be considered as incompressible, except with an“ay

|culation of mass flow rate

v rate is determined in accordance with section 32.2.3.1 with g, = p,.

fermination of fan pressure

an inlet pressure

, without an auxiliary fan,

=0y = Oggp = O3 = Ogg3 =Ty + 273,15

273,15

an auxiliary fan between planes 7 and 3xthe temperature 75 in the test duct may be meas
=0y = Oggp = O3 = Ogq3 = T3 + 273,15

Pa

with 14.8.5

+% P3vm3 [1 +(§3—1)3J

xiliary

ured:

2
1 Tin
=13 +£[A_3] [1+(§3—1)3]
2
Pesgl = Ps3—+ L (qm\ [1+(§J—|)o}

where po3 and

P3

(é3_1)3 <0 [see 33.2.3.2.1 b)]

__P3

P3

RW@3

168

Rw@gS
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The pressure, p4, is given by the following equation:

2 2 2
I 7 [ﬁj . 1_4[@]
¥ 2pg (43) 4 9 2p5 | 4
2
_ T (4w
pe1_pesg1_£ A_1

32.2.4.2.2 Fan outlet pressure

At theffar-euttet

PP =Pa
pe2=0

and the stagnation pressure Psg2 is given by

2
1 2 1 (¢
Hsg2 = Pa t 5 P3Vm2 = Pa t (—m]

2p3 (42
2
_ 1 [dm
esg2 2p3 | 4,

32.2.42.3 Fan pressure

lae]

The fgn pressure, psc, and the fan static pressure, pyc, are given by the following equations:

=

2 2
1 [4m 1 [4m
c = - =p, +—— | 2| = +— |2 |1+
fC = Psg2 ~ Psgl = Pa 2, [Azj P3 2 [A3 [ (53_1)3]

2 2
1 qm] 1 [qmj
=— || —Ped b — | [1+ 53—13]
2p3 {Az 7 2p5 (43 ( )
HsfC = P2~ Psgi—Pa ~ Psg1= ~ Pesgl

2
T [ 4w
=-40s3 +£(2—3J [1+ (53—1)3}

32.2.4.3~ Determination of volume flow rate

The volume flow rate in the inlet stagnation conditions is given by

dysgl =
9 Psgt
Pt = Psgt
sgl —
9 Rw@g1
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32.2.4.4 Calculation of fan air power
In accordance with 14.8.5.6

Puc = dysqg1 Pic

Pysc = dysg1 Psic

Efficiencies are determined in accordance with 14.8.1 and 32.2.3.5.

32.2.5 Fan performances under test conditions

Under test copditions, the fan performances are the following:
— fan presgure, psc

— fan static|pressure, pgic

— inlet volume flow rate, Tysg1

— fan efficigncy, 7,¢

— fan static|efficiency, 7,
32.3 Inlet-sjde test chambers

32.3.1 Mass flow rate determination

The mass flow rate is determined by
— Pitot-stat|c tube traverse, see Clause 25 and Figure@5 a);

— multiple nozzles in chamber, see Clause 22 and Figure 45 b).

32.3.2 Meastirements to be taken during tests (see Clause 20)

Measure:

— rotational speed, N, or rotatiopal frequency, #;

— power input, P,, P, or Pg,.and estimate impeller power (see 10.4) and the power input, P

fan;
— flowmeter differential pressure, Ap;

— pressure| po7,0hp.s5, upstream of the flowmeter;

— chamber|stagnation or static pressure, pg3 Or pegys;

o Of an ayxiliary

— chamber temperature, 73.

In the test enclosure, measure
— atmospheric pressure, p,, at the mean fan altitude;
— ambient temperature, 7, near the fan inlet;

— dry and wet bulb temperatures, T4 and 7,,.

Determine the ambient air density, p,, and the gas constant of humid air, R, (see Clause 12).
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Dimensions in millimetres

31005 20,303 20,503
+0,250¢
8505 0
- = PL3 PL1 PL2
B 505 |
| 6
I 20,303 /
! \
] E 1y = o =
1 = 1) | =
( / I ( L) 1
|y
I £
1 2 3 47 pes Ap 5 t/
Q
‘;. L Pes
Key
1 alixilliary fan 4  Pitot-static tube traverse
2 transition section 5 (flow-settling means
3  flpw straightener (cell type shown) 6 >, test fan (tube-axial type shown)
a) Flow rate determination using Pitot-static tube traverse
20,303 20,504 20,504
38 16 |
38 6 20,303
PL7|||PL5 PL3 PL1 PL2
©
| | 4
/1 /2 I 1 I
NN/ | A 2,5d |
I m m =>
N /N - Ik g s L
=
: NI i
[ [
[ | |
A
=
3 Pes Ap J IDesgS M
Key
1 auxilliary fan 3  flow-settling means
2 flow straightener (cell type shown) 4  test fan (vane-axial type shown)
b) Flow rate determination using multi-nozzle chamber
Figure 45 — Category C test installations (inlet-side test chamber)
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32.3.3 General procedure for compressible fluid flow

This procedure should be applied when both the reference Mach number Ma,, ¢ is more than 0,15 and the fan

pressure ratio is more than 1,02.

32.3.3.1 Determination of mass flow rate

32.3.3.1.1 The mass flow rate is determined using a Pitot-static tube traverse [see Clause 25 and

Figure 45 a)].

Assuming that

1 n
Pes Zg E,Pes_j
—

P5 = Peq T Pa
B, or Py

X

Osgs =13 +273,15 =0, +
qm cp

2
| < .05
Appy = ';ZAPJ'
j=1

x
Ps K
9P Ps + Apm
Pb
P5 =71
RWQS

The location ¢f the measuring points, j, is given in:26:4 and Figure 25.

The mass flow rate is given by the following edquation (see 25.5):

D§
Im = apr == 2P50Pm

where

¢ is th¢ expansibility‘coefficient in accordance with 25.5;

a is the corrgttion factor or flow coefficient (see 25.6), depending upon the Reynolds number, Rejs:

4q,, 8

R = 0
DS = iDg (17,1+ 0,048T5)

a varies between

0,990 + 0,002 for Reyys = 3 x 106

and

0,990 — 0,004 for Reps = 3 x 10*

A first approximation of ¢,, is obtained with = 0,990 and corrected for the value of Reys (see 25.6).
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32.3.3.1.2 The mass flow rate is determined using multiple nozzles in the chamber, see Clause 22 and
Figure 45 b).

Assuming that
P7=Pe7 T Pa

@Sg7: @7: @3: @Sg3:T3+273’15

_ _Pr
p7 R\AI@7
de .
) A
Dy

The mass flow rate is given by the following equation:

S

0w (42
m = &N Z [Cj %} \/2p7Ap

J=1

wherg
£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
d is the discharge coefficient of the jth nozzle, which is a function of the nozzle thfoat Reynolds

number, Re s;;

A=0and C=aq;

gi= o; is calculated in accordance With 22.4 and Table 4;

n is the number of nozzles:

For eqch nozzle, the throat Reynolds number, Re g, is estimated by the following equation:

B 8C1d511[2p7Ap 8 106

45/ = 1714.0,048 T,

=

with (J. = 0,95.

After ar first'estimation of the mass flow rate, the discharge coefficients C; are corrected.

32.3.3.2 Determination of fan pressure

32.3.3.2.1 Fan inlet pressure
Figure 45 a) and b) show two types of chamber pressure measurements, where:

— the chamber pressure, pg3, is a gauge pressure;

— the chamber pressure, Pesg3s is a gauge stagnation pressure.
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a) The chamber pressure is a gauge pressure, pg3

Assuming tha

t

Sz =1

P3=Pe3t Pa

@Sg»] = @3= @Sg3= T3+ 273,15
__DPp

P3 = Ry P

The inlet stag

Psg3 = D)

Pesg3 = |

b) The chan
Under these ¢

Psg3 = Pe

o,

O3= sg

there is no frig
Psg1 = Ps

Pesg1 =Pg

When an inle
account.

At the inlet of
Psg3.1=P

The stagnatio

hation pressure, Psg3s is given by the following equation:

2
1T .2 I
+— P33 =P3 +—— |~
B "5 P3Vm3 = P3 2’03(143
2
9m
De3 + —— | ——
© " 2py (Asj
hber pressure is an absolute stagnation pressure, pggg3
onditions:
g3t Pa
3= @Sg»] = T3 + 273,15

tion-loss allowance for the inlet simulation duct of length D4 or 2D,, and

3

sg3
t simulation duct longerjthan D4 or 2D, is required, friction-loss allowances may be takg
the duct, downstream of the inlet bell mouth, index 3.1,

593

h pressure at fan inlet section 1 is given by the following equations:

P31~ Psg3
P

1
= + —
Psgl = Psg3 2p31 [

Pesgl = Pesg3 t

174

P31

sg3

2
qA—':j VLR (5371)1

|

Im
A

2
oy ] fM3.1(§3—1)1

n into
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where

The static-pressttre—s—is-determined-by-the-following-eguation-
1.4 TP Y I g

or

where May, py, fy4 are determined in accordance with 14.4.3.2,:14.4.4 and 14.5.2.

32.3.3.2.2 Fan outlet pressure

At the|fan outlet

The Mach number, Ma,, and the density, p,, are determined in accordance with 14.4.3.1 and Fig

or

Masz 4, p3.1, fyuz.1 are determined in accordance with 14.4.3.2, 14.4.4 and 14.5.2;

(&3-1)1<0 is the conventional friction-loss coefficient for the inlet simulation duct of diameter D, and

length L in accordance with 28.6;

(5371)1= _AD%

lae]

2
_ 1 (4m
1= Psgl 2 [A1 S

=

2
_ 1 (9w
e1 = Pesgl 2, [A1 J S

Pp=DPjy
P or P
é1)592 = @sg1 + €
qmcp

P2 _ Pa
RWQZ Rw@Z

o =

o

lae]

2 2
sz = P2ty [Azj fM2= Pa 27 [Az w2

ure 5.
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32.3.3.2.3 Fan pressure

The fan pressure, psc, and the fan static pressure, pgc, are given by the following equations:

2
1 (¢

PFC = Psg2~ Psgi = Pa * 5—— [ij S M2~ Psgt
P2

Az
2
_ 1 [4m
= 257 [Az Sm2 Pesg1

PsfC = Pp ~ Psgl = Pa ~ Psgl = Pesgl

_ Pt P2
Pm 2
P1
k  =-—
P Pm

32.3.3.3 Determination of volume flow rate

The volume flpw rate under inlet stagnation conditions is given by the following equation:

q
dysgt = =
Psgl
Psgt
Psgl = ]
9 Rw®sg1

32.3.3.4 Determination of fan air power

32.3.3.4.1 Fpn work per unit mass and fan.airpower

The fan work| per unit mass, W,c, and the fan static work per unit mass, W, ¢, are given by the fol

equations:

2 2
_ P2=P1, Vm2 Vi
Wne = T+~~~

Pm 2 2

owing

2 . 2 4, N2
WmSC_t’Z PT_mt _ PZ m__-L%mJ
Pm 2 Pm 2 A1p

2
_ Pe2 ~ Pet _1[ O ]
Pm 2 Aqp

The corresponding fan air power, P ¢, and fan static air power, P ¢, are given by the following equations:

PuC =y WmC

Pysc =am Wasc

176 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=8117533a4b2202fe17313c34d1415073

ISO 5801:2007(E)

32.3.3.4.2 Calculation of fan air power and compressibility coefficient
In accordance with 14.8.2
Pyc = 4qysg1 Pic kp

Pysc = dysg1 Psic kps

The compressibility coefficients kp and kps may be determined by two equivalent methods (see 14.8.2.1 and
14.8.2.2).

a) Fijrst method:

Zk |Og10 r
|Og1o |:1 + Zk (V— 1):|

>~

os OF kp =

:1+pi
Psgi

for kp o
= 1 + pSfC
Psgi

for kpd and

i x—1 A
Ig=—" —"
K qysgt1 PfC
for ky pr
x -1 B
K Qqysg1 PsfC

Ny
=
Il

b) Second method:

In( ¥+ x) Z,
X In(1+ Zp)

orkp >

_1=PiCc
Psgi

or

and

K 4ysgl Psgt
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32.3.3.5 Calculation of efficiencies
In accordance with 14.8.1, the efficiencies are calculated using the following equations:

— fan efficiency:

PuC
Pr

c =

— fan static efficiency:

i sC
Tsic =~
g

— fan shaft|efficiency:

PuC
sc = I
a

— fan shaft|static efficiency:

FusC
NlsaC = ]
P2

32.3.4 Simpljfied method

The referencg Mach number, Ma, 4, is less than 0,15 and-the pressure ratio less than 1,02.
O3 = Oy = O1 = Ogg = Oy = Ogp = T3 + 273,45

The air flow through the fan may be considered .as incompressible.

P3 =P1FP2
kp =1
32.3.4.1 Determination ofimass flow rate
The mass flow rate is determined in accordance with 32.3.3.1.

The temperatpre upstream of the flowmeter may be measured.

32.3.4.2 Determinatiomoffampressure
32.3.4.2.1 Fan inlet pressure

— When the measured pressure is a static pressure, pgs:

P3 =Pe3 + P2
3
1 qmj
Psg3 =P3+t5— |+
> 2p3 [A3
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2
1 qm]
Pesgd =Pe3 T 55— | —
esg e 2,03 [AS
where
py = 2= p
3 Rw@3 sgl

When the measured pressure is a stagnation pressure:

p

Val
1

=1
$05- 1 €599

d

In the[two cases:

2
Bsgt = Psg3 t i [%j (5371)1
or
g 2
Hesgl = Pesg3 + 203 [A_’:] (5371)1
wherd (&3 _ 4)1 < 0 is determined in accordance with 32.3.3.2.1,:28.6.4 and 28.6.5.
2
A1 :Psg1_2L [qA_m]
3 1

32.3.42.2 Fan outlet pressure

At the

p

fan outlet

p = Pa

ae]

S

32.3.1.2.3 Fan pressure

The fan pressure, p;c, and the fan static pressure, p, are given by the following equations:

Pic = Psg2 ~ Psg1 = Pesg2 ~ Pesg1

2
( j ~ Pesgl

Psfc = P2 ~ Psg1 = ~ Pesgt

1
2p3

qm

Ay
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32.3.4.3 Determination of volume flow rate

The volume flow rate under inlet stagnation conditions is given by the following equations:

Qysgt =—
Psg3

Psg3

32.3.4.4 Determination of fan air power

Fan air powerls are given by the following equations:
Puc = 4qy4g1 Pic
Pusc = qitsg1 Psfc

32.3.4.5 Determination of fan efficiencies

Fan efficiencigs are determined in accordance with 14.8 and 32.3.3.5 from P gand P .

32.3.5 Fan performance under test conditions

Under the tes} conditions, the fan performances are the following:
— fan pressure, pyc;

— fan static|pressure, pgic;

— inlet volume flow rate, qsq1;

— fan efficigncy, 7,c;

— fan static|efficiency, 75.c.

33 Standard methods with inlet- and outlet-side test ducts — Category D
installations

33.1 Types|of fan setup

Generally, a tgst installation of category D is obtained from:

a) a category Btestinstallation with an additional inlet-duct simulation in accordance with 28.3 and 28.

ASA

b) a categofy Cltest installation with an additional outlet-duct simulation in accordance with 28.2 and 28.4.

Consequently, four category D installations are described in this clause.

1) Category B installation with common segment outlet duct and outlet antiswirl device and with
inlet-duct simulation in accordance with 28.2, 28.3 and 28.5 [see Figure 46 a) and b)].

2) Category B installation without outlet antiswirl device, without common segment outlet duct and with
inlet-duct simulation in accordance with 28.2.5, 28.3 and 28.5 [see Figure 46 d)].

3) Category C installation with common segment outlet duct and outlet antiswirl device and common
segment inlet duct in accordance with 28.2.1, 28.2.2, 28.2.3 or 28.2.4, 28.3, 28.4 and 28.5 [see
Figure 46 c)].

4) Category C installation with outlet-duct simulation without antiswirl device in accordance with 28.2.5,
28.3 and 28.5 [see Figure 46 €), f) and g)].
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A
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A

D1 ZDA
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Y

PL1 PL2 PL4

=~

\ / et

1  tgst fan (axial)
2 flpw straightener (star type shown)

8 Sde 29.3.
b Sde 29.3.1.
NOTE Flow rate measurement and control in accordance with 30.2.3.1

a) Category B (outlet-side test duct) with common:segment and antiswirl device|and
inlet-duct simulation

Z3Dh
=< Loy =
+0,250,
B 30, N DO 850, 0 ;
B o +0,250,
B D, R 50, © _
PLA PL2 PL4
- Il
=il _%m_._._ ............. ._.%_._.L_._._
b A |
U
Pla
i P4
Key
1  testfan (axial)
2 flow straightener (cell type shown)
8 See 28.5.
b See28.3.1.
NOTE Flow rate measurement and control in accordance with 30.2.3.1.

b) Category B (outlet-side test duct) with common segment and antiswirl device and
inlet-duct simulation

Figure 46 — Category D test installations
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1 transition guct round to rectangular
2 test fan shjown with integral inlet box
3 transition guct rectangular to round
4  flow straightener (star type shown)

NOTE Flow rate measurement and control in accordance with 31.2.

c) [Category C (inlet-side test duct) with antiswirl device and common inlet segment
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Qe 1
PN s A

X

Upe4

Key
1 test fan shown with an integral inlet box with an inlet flair
2 transition duct round to rectangular

NOTE Flow rate measurement and control in accordance with 30.3.3.1.1 and Figure 43 (only for fans without outlet
swirling flow).

d) Category B (outlet-side test duct) without antiswirl device, without common segment and with
inlet-duct simulation

Figure 46 (continued)
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