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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International 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 International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document 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 technically revised.

© IS0 2007 — All rights reserved Vi
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Introduction

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 an International Standard has been evident for some time and Technical Committee ISO/TC 117
started its work in 1963. Important progress has been achieved over the years and, although the International
Standard itself was not yet published, the successive revisions of various national standards 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 borne in mind that the test equipment, especially for large fans, is very expensive and it was
necessary to include in this International Standard many setups from various national codes in order to
authorize their future use. This explains the sheer volume of this document.

Essential features of this International Standard are as follows:
a) Categories of installation

Since the connection of a duct to a fan outlet and/or inlet modifies its performance, it has been agreed that
four standard installation categories should be recognized (see 18.2).

A fan adaptable to more than one installation category will have more than one standardized performance
characteristic. Users should select the installation category closest to their application.

b) Common parts

The differences obtained by testing the same fan according to various test codes depend chiefly on the flow
pattern at the fan outlet and, while often minor, can be of substantial significance. There is general agreement
that it is essential that all standardized test airways to be used with fans have portions in common adjacent to
the fan inlet and/or outlet sufficient to ensure consistent determination of fan pressure.

Geometric variations of these common segments are strictly limited.
However, conventional agreement 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
possible to use a simplified outlet duct without straightener when discharging to the 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.

2) 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.
Establishment of a possible value of differences, is still a subject of research.

viii © IS0 2007 — All rights reserved
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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) Flow rate measurement

Determination of flow rate has been completely separated from the determination of fan pressure. A number
of standardized methods may be used.

© 1SO 2007 — All rights reserved ix






INTERNATIONAL STANDARD ISO 5801:2007(E)

Industrial fans — Performance testing using standardized
airways

1 Scope

This International Standard deals with the determination of the performance of industrial fans of all types
except those designed solely for air circulation, e.g. ceiling fans and table fans.

Estimates of uncertainty of measurement are provided and rules for the conversion, within specified limits, of
test results for changes in speed, gas handled and, in the case of model tests, size, are given.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3966, Measurement of fluid flow in closed conduits — Velocity area method using Pitot static tubes

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principles and requirements

ISO 5168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

ISO 5221, Air distribution and air diffusion — Rules to methods of measuring air flow rate in an air handling
duct

IEC 60034-2:1972, Rotating electrical machines — Part 2: Methods for determining losses and efficiency of
rotating electrical machinery from tests (excluding machines for traction vehicles)

IEC 60051-2, Direct acting indicating analogue electrical measuring instruments and their accessories —
Part 2: Special requirements for ammeters and voltmeters

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

IEC 60051-4, Direct acting indicating analogue electrical measuring instruments and their accessories —
Part 4: Special requirements for frequency meters
3 Terms and definitions

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.

© 1SO 2007 — All rights reserved 1
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3.1
area of the conduit section
A

X
area of the conduit 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

%)

surface plane bounded 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 temperature measured by a temperature sensor

NOTE Temperature is expressed in degrees Celsius.

3.5

absolute temperature

(2]

thermodynamic temperature

O=T+273,15
NOTE In this document, @represents the absolute temperature in kelvin and T the temperature in degrees Celsius.
3.6
specific gas constant
R

for an ideal dry gas, the equation of state is written
£_ro
Yol

NOTE For dry air, R = 287 J-kg™1-K™".

3.7

isentropic exponent

K

for an ideal gas and an isentropic process

4

Lo constant
K

r

NOTE For atmospheric air, x = 1,4.

2 © 1SO 2007 — All rights reserved
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3.8

specific heat capacity at constant pressure
C

P

for an ideal gas

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

cy =——R
U
NOTE Specific heat capacity is normally expressed in joules per (kilogram kelvin).
3.10
compressibility factor
Z

NOTE 1 For an ideal gas, Z=1.

NOTE 2 For a real gas,

z=-L_
PRO

where

Z s afunction of the ratios p/p and &6, where:
p. s the critical pressure of the gas;

O, s the critical temperature of the gas.
3.11

stagnation temperature at a point

o
absolute temperature which exists at an isentropic stagnation point for ideal gas flow without addition of
energy or heat

NOTE 1 The stagnation temperature is constant along an airway and, for an inlet duct, is equal to the absolute ambient
temperature 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

© 1SO 2007 — All rights reserved 3
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NOTE 1 For real gas flow

y2

0 =0,

s9 2cp

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

NOTE 2  These temperatures are expressed in degrees Celsius.

NOTE 3 In a duct, when the velocity increases, the static temperature decreases.

3.13

dry bulb temperature

Ty

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

NOTE This temperature is expressed in degrees Celsius.
3.14

wet bulb temperature

TW

air temperature measured by a temperature sensor covered by a water-moistened wick and exposed to air in
motion

NOTE 1 When properly measured, it is a close approximation to the temperature of adiabatic saturation.
NOTE 2  This temperature is expressed in degrees Celsius.

3.15
stagnation temperature at a section x

ngx

mean value, over time, of the stagnation temperature averaged over the area of the specified airway
cross-section

NOTE This temperature is expressed in kelvin.
3.16

static or fluid temperature at a section x

O,

X
mean value, over time, of the static or fluid temperature averaged over the area of the specified airway
cross-section

NOTE This temperature is expressed in kelvin.

3.17

absolute pressure at a point

absolute pressure

p

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

NOTE This pressure is normally expressed in pascals.
3.18

atmospheric pressure

Pa

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

NOTE This pressure is normally expressed in pascals.

4 © 1SO 2007 — All rights reserved
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3.19
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
absolute pressure which would be measured at a point in a flowing gas if it were brought to rest via an
isentropic process given by the following equation:

K

x—1 w1
Psg =P (1 + 5 MazJ

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

NOTE 3 For Mach numbers less than 0,122 obtained for standard air with duct velocities less than 40 m/s, the
stagnation pressure is virtually the same as the total pressure.

3.21
Mach factor

fo

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

Psg = P
Pd

fo =

NOTE The Mach factor may be calculated by:

Ma?  (2-x)Ma* (2-x)(3-2x) Ma®

=1
Jwe =Tt 192 "
3.22

dynamic pressure at a point

Pd

pressure calculated from the velocity and the density p of the air at the point given by the following equation:

_ 02
Pd =P 2
NOTE This pressure is normally expressed in pascals.

© 1SO 2007 — All rights reserved 5
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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,
¢ =./kR,0
R, is the gas constant of humid gas.

3.24

gauge stagnation pressure at a point

Pesg

difference between 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

9m

mean value, over time, of the mass of air which passes through the specified airway cross-section per unit of
time

NOTE 1 The mass flow will be the same at all cross-sections within the fan airway system excepting leakage.
NOTE 2 Mass flow rate is expressed in kilograms per second.

3.26

average gauge pressure at a section x

mean gauge pressure at a section x

Pex

mean value, over time, of the gauge pressure averaged over the area of the specified airway cross-section

NOTE This pressure 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 is expressed in kilograms per cubic metre.
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 average density at that section given by the following equation:

q
Gy = im
Px
NOTE Volume flow rate is expressed in cubic metres per second.
3.30

average velocity at a section x

Vmx
volume flow rate at the specified airway cross-section divided by the cross-sectional area, 4,, given by the

following equation:

NOTE 1 This is the mean value, over time, of the average component of the gas velocity normal to that section.
NOTE 2  Average velocity is expressed in metres per second.

3.31

conventional dynamic pressure at a section x

Pdx

dynamic pressure calculated from the average velocity and the average density at the specified airway
cross-section given by the following equation:

2
2

_ Yy _ 1 m

Pdx = Py 2 2p. (ij

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

X
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 conventional dynamic pressure py, corrected by the Mach factor coefficient £, at the section and
the average absolute pressure p_given by the following equation:

Psgx = Py +pdfox

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

K

K =1 x-1
Psgx = Px (1 + 2 Max2JK

NOTE 2  Average stagnation pressure is expressed in pascals.

3.34
gauge stagnation pressure at a section x

Pesgx
difference between the average stagnation pressure, Psge at a section and the atmospheric pressure, p,,

given by the following equation:

Pesgx = Psgx ~ Pa

NOTE Gauge stagnation pressure is expressed in pascals.
3.35

inlet stagnation temperature

ng1

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

NOTE 1 In this case, it is possible to consider the stagnation temperature as equal to the ambient temperature, 6,,
given by the following equation:

Opg1 = Oy = T, +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.

8 © 1SO 2007 — All rights reserved



ISO 5801:2007(E)

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 pressure

Pt

difference between the stagnation pressure at the fan outlet and the stagnation pressure at the fan inlet given
by the equation:

P = Psg2 ~ Psg1
NOTE 1 When the Mach number is less than 0,15, it is possible to use the relationship:
Pf= Pt = P2 — Pt1

NOTE 2 It is possible to refer the fan pressure to the installation category 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 gas density at
the outlet and the fan outlet area

2 2
Dap = pom2 4w
d2 2 2 2,02 A2
NOTE Fan dynamic pressure is expressed in pascals.
3.40
fan static 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:

Psf=Psg2 ~ Pd2 " Jm2 — Psg1 = P2 ~ Psg1

NOTE 1 It is possible to refer the fan static pressure to 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:

_ Psgl T Psg2
Pmsg - T

NOTE Mean stagnation pressure is expressed in pascals.

3.43

fan work per unit mass

/4

ingrease in mechanical energy per unit mass of fluid passing through the fan given by the following equation:

2 2
Wm _ P2 — D1 + ap, Vm2 apq Vm1
Pm 2 2

NOTE 1 It is possible to calculate W, as in 3.47, as follows:

i
dm

|

m

NOTE 2  The value obtained differs by only a few parts per thousand from the value given by the above expression.
NOTE 3  Itis possible to refer the fan work per unit mass to the installation category A, B, C or D.

NOTE 4 Fan work is expressed in joules per kilogram.

3.44

fan static work per unit mass
W, S

ingrease in mechanical energy per unit mass of fluid passing through the fan minus the kinetic energy per unit

mass imparted to the fluid, given by the following equation:

2
- v
_ P2 — P1q - ap ml

1

Pm 2

w

ms

NOTE 1 It is possible to refer the fan static work per unit mass to the installation category A, B, C or D.

NOTE 2 Fan static work is expressed in joules per kilogram.

3.45

fan pressure ratio

r

ratio of the average absolute stagnation pressure at the outlet section of a fan to that at its inlet section as
given by the following equation:

r= Png/psg1

NOTE 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 (I’—1)]

where

-1 psg1Pr
K qmPf

Z =

NOTE 1 The work done is derived from the impeller power on the assumption of polytropic compression with no heat
transfer through the fan casing.

NOTE2  ky and ppgq/pmsg differ by less than 2 x 1073.

NOTE 3  The compressibility coefficient is dimensionless.

NOTE 4 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 unit mass W, ,
or the product of the inlet volume flow rate dysgts the compressibility coefficient ko and the fan pressure p;
given by the following equation:

B =4wWm = qysgr - Ps - 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 expressed in watts when g, is in kilograms per second and W, is in joules per 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 per unit mass
Ws» or the product of the inlet volume flow rate g¢44, the compressibility coefficient ks and the fan static

ms?
pressure pgs; kg is calculated using r = po/pggy

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 Fan shaft power is expressed in watts.
3.51

motor output power

P

(0]
shaft power output 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 revolutions of the fan impeller per minute
3.54

rotational frequency of the impeller

n

number of revolutions of the fan impeller per second

3.55

tip speed of the impeller

p

peripheral speed of the impeller blade tips

NOTE Tip speed is 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
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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 impeller static efficiency

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

PUS

fsr _?r

NOTE 1 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 proportion of unity or as a percentage.

3.59
fan shaft efficiency

Ma
fan air power divided by the fan shaft power given by the equation:

B

Ha = P_a
NOTE 1 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 may be expressed as a proportion of unity or as a percentage.

3.60
fan motor shaft efficiency

Mo
fan air power P, divided by the motor output power P, as given by the equation:

B

’70=P—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

Ne

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 It is possible to refer the overall efficiency to the fan category A, B, C or D.
NOTE 2 Fan overall efficiency is expressed as a proportion of unity or as a percentage.

3.62
ratio of inlet density to mean density

ky

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

2
k= P1
Pt P2
NOTE kp is dimensionless.
3.63
kinetic energy factor at a section x

Oy

dimensionless coefficient equal to the time-averaged flux of kinetic energy through the considered area, 4,,
divided by the kinetic energy corresponding to the mean air velocity through this area and given by the
following equation:

_ IJ.Ax (pvn‘;z) dd,

dmVmx

O gx

where
v is the local absolute velocity, in metres per second;

v, is the local velocity, in metres per second, normal to the cross-section.

n

3.64

kinetic index at a section x

e

dimensionless coefficient equal to the ratio of the kinetic energy per unit mass at the section x and the fan
work per unit mass and given by the following equation:

2

l~ _ me
" ow,
3.65
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
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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 — meDx — 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 Perzny (gx— y)y

2
3.67
hydraulic diameter
Dy,

hydraulic diameter of a rectangular section of a duct given by the equation:

44
2(b+h)

Dy,

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

h is the rectangular section height.

3.68

flow coefficient

(0]

dimensionless number given by the equation:

o= —Im__
2
PmD;"u
3.69
pressure coefficient

'
dimensionless number given by the equation:

_ b
¥ = 2
Pmi
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 — m
C Discharge coefficient — —
c Velocity of sound 3.23 m/s
¢ Specific heat capacity at constant pressure 3.8 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 m
D, Internal diameter of a circular conduit in section x — m
D, Outside diameter of the impeller — m
I Mach factor for correction of dynamic pressure at section x 3.21 —
Acceleration due to gravity — m/s?2
h Height of the rectangular section of a duct — m
hy, Relative humidity p;/ps 4 — —
iy Kinetic index at section x 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 — —
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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Pe
Psg
Pesg
Pesgx
Pd
Px
Pex
Psgx
Pdx

Psat

Gauge pressure

Absolute stagnation pressure at a point
Gauge stagnation pressure at a point
Gauge stagnation pressure at section x

Dynamic pressure at a point

Mean absolute pressure in space and time of the fluid at section x

Mean gauge pressure in space and time at section x
Mean stagnation pressure at section x

Conventional dynamic pressure at section x
Saturation vapour pressure

Partial pressure of water vapour

Fan pressure

Fan static pressure

Fan outlet dynamic pressure

Mean absolute pressure upstream of an in-line flowmeter
Mean absolute pressure downstream of an in-line flowmeter
Mechanical power supplied to the fan shaft

Motor input power

Motor output power

Mechanical power supplied to the impeller of the fan
Fan air power

Fan static air power

Mass flow rate

Volume flow rate

Inlet stagnation volume flow rate

Volume flow rate at section x

Fan pressure ratio

Pressure ratio for a flowmeter ry = pyo/p,

Aplpy, for a flowmeter

Gas constant of dry air or gas

Gas constant of humid air or gas

Reynolds number at section x

Ambient temperature

Barometer temperature

Dry bulb temperature

Wet bulb temperature

Static temperature at section x

Stagnation temperature at section x

Relative uncertainty of x

© 1SO 2007 — All rights reserved
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3.19
3.20
3.24
3.34
3.22
3.27
3.26
3.33
3.31
12.2
12.2
3.38
3.40
3.39

3.50
3.52
3.51
3.49
3.47
3.48
3.25

3.37

3.29

3.45

3.6

3.65

3.13
3.14

Jkg/K
Jkg/K

°C
°C
°C
°C
°C
°C
%
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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 ko
(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 impeller efficiency

Fan impeller static efficiency
Stagnation temperature at section x
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

3.30
3.55
3.43
3.44
3.10

3.63

3.59
3.61
3.60
3.57
3.58
3.15
3.16

3.28

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

A X X X

Pa-s
kg/m3
kg/m3
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Prm Mean density of gas in the fan 3.41 kg/m3
@ Flow coefficient 3.68 —
¥ Pressure coefficient 3.69 —
A Fan power coefficient 3.70 —
w Angular velocity — rad/s
v Kinematic viscosity 12.3 m/s

4.2 Subscripts

Test fan inlet

Test fan outlet

Pressure measurement section in an inlet-side airway

Pressure measurement section in an outlet-side airway

Throat or downstream tappings for Ap for an inlet-side measurement
Upstream tapping for Ap and p,, for an outlet-side measurement
Upstream tapping for Ap and p,, for an inlet-side measurement
Throat or downstream tapping for Ap for an outlet-side measurement

Ambient atmosphere in the test enclosure

T O 00 N O 0o b~ W N -

Barometer

o

Centrepoint of the test section

do  Downstream of a flow-measurement device

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

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;
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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 to 27 and Annex A. They are established in the case of compressible flow, taking into account
Mach number effect and density variation. However, a simplified method is given for reference Mach numbers
less than 0,15 and/or fan pressures less than 2 000 Pa.

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

It is conventionally agreed that:

— for fan installation 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 installation categories B and D, a common airway section (incorporating a standardized flow
straightener: an eight-radial-vane straightener, or honeycomb straightener) adjacent to the fan outlet
should be provided upstream of the outlet pressure measurement section to simulate a long, straight
outlet duct.

When the test installation is intended to simulate an on-site installation corresponding to category C but with a
short duct discharging to the atmosphere, the test fan should be equipped with a duct having the same shape
as the fan outlet and a length of two equivalent diameters.

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

By convention, the kinetic energy factors o4, &, 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, s the altitude at barometer reservoir or at barometer transducer;

z, IS the mean altitude between fan inlet and fan outlet;

m

g s the local value of the acceleration due to gravity;

Pa is the ambient air density.

6.2 Manometers

Manometers for the measurement of pressure difference shall have an uncertainty under conditions of steady
pressure, and after applying any calibration corrections (including that for any temperature difference from
calibration temperature and for g value), not exceeding = 1 % of the significant pressure or 1,5 Pa, whichever
is greater.

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

The manometers will normally be of the liquid column type, vertical or inclined, but pressure transducers with
indicating or recording instrumentation are acceptable, subject to the same accuracy and calibration
requirements.

Calibration should be carried out at a series of steady pressures, in both rising and falling sequences to check
for any difference.

The reference instrument should be a precision manometer or micromanometer capable of being 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 to estimate the
average reading within = 1 % of the significant pressure. The damping may be in the air connections leading
to the manometer or in the liquid circuit of the instrument. It should be linear, and of a type which ensures
equal resistance to movement in either direction. The damping should not be so heavy that it 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 pressure
measurement.

To determine the average static pressure in this plane, the other side of the manometer shall be open to the
atmospheric pressure 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 of wall tappings

At each of the 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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=23

a8  airway diameter (D)
Figure 2 — Construction of wall pressure tappings
The bore 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 in a section of the airway that is free from joints 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 meet this condition. In such cases the Pitot-static tube method 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 case of a rectangular airway, they should be at the centres of the four sides. Four similar tappings may be
connected to a single manometer. They should be connected as shown in Figure 1.

7.5 Checks for compliance

Care shall be taken to ensure that all tubing and connections are free from blockage and leakage, and are
empty of liquid. 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 Thermometers

Instruments for the measurement of temperature shall have an accuracy of + 0,5 °C after the application of
any calibration correction.

8.2 Thermometer location

When a probe is put inside an airway to take temperature measurements, the measurement accuracy is a
function of the fluid velocity.

The measured temperature, which is neither the stagnation temperature nor the static temperature, is a value
lying between them, usually slightly closer to the stagnation value.

If the air velocity is equal to 25 m/s, the difference between stagnation and static temperatures is 0,31 °C; at
35 m/s, the same difference is 0,61 °C (for a static temperature of 293,15 K).

If the measurement is taken in a section where the air velocity is less than 25 m/s, the measured temperature
is assumed equal to both stagnation and static temperatures.

It is therefore recommended that measurement of the stagnation temperature be made upstream of the fan
inlet or of the test airway, either in a section where the air velocity lies between 0 m/s and 25 m/s or in the inlet
chamber.

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

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

8.3 Humidity

The dry bulb and wet bulb temperatures in the test enclosure should be measured at a point where they can
record the condition of the air entering the test airway. The instruments should be shielded against radiation
from heated surfaces.

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 humidity 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 of 0,5 in accordance
with IEC 60051-4).

10 Determination of power input

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

the averaging of a sufficient number of readings at each test point, which achieves a result with an uncertainty
not exceeding £ 2 %.

10.2 Fan shaft power

When the power to be determined is the input to the fan shaft, acceptable methods include the following.

10.2.1 Reaction dynamometer

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

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

10.2.2 Torsion meter

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

The zero-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.

— voltage: £ 6 %;

— frequency: £ 1 %.

10.3.3 Electrical meters

The electrical power input to the motor during the fan tests described in 10.3.1 or 10.3.2 shall be measured by
one of the following methods:

a) for a.c. motors, by the two-wattmeter method or by an integrating wattmeter;
b) for direct current (d.c.) motors, by measurement of the input voltage and current.
The equipment used for standardized airway tests shall be of class index 0,5 in accordance with IEC 60051-2

and IEC 60051-3 to which calibration corrections are applied or, alternatively, of class index 0,2 for which
calibration corrections are unnecessary.

10.4 Impeller power

To determine the power input to the fan impeller hub it is necessary, unless the impeller is mounted directly on
the motor shaft, to deduct from the fan shaft power an allowance for bearing losses and for the losses in any
flexible coupling. This may be determined by running a further test at the same speed with the impeller
removed from the shaft and measuring the torque losses due to bearing friction. If considered necessary, the
fan impeller may be substituted by an equivalent mass (having negligible aerodynamic loss) to provide similar
bearing loadings.

10.5 Transmission systems
For tests with standardized airways, the interposition of a transmission system between the fan and the point
of power measurement should be avoided unless it is of a type in which the transmission losses under the

specified working conditions can be reliably determined, or the specified power input is required to include
those losses.

11 Measurement of dimensions and determination of areas

11.1 Flow-measurement devices

The dimensions of nozzles, orifices and airways used for flow measurement shall conform to the tolerances
specified in the appropriate subclauses covering their use.

11.2 Tolerance 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 they are at equal angles within the cross-section.

If the difference in linear measurement between two adjacent diameters is more than 1 %, the number of
measured diameters shall be doubled. The area of the circular section shall be calculated from the formula:

D2
TE_

where D is the arithmetic mean of the measured diameters.

11.3.3 Rectangular sections

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

The average width of the section shall be taken as the arithmetic mean of all the widths measured, and the

average height of the section shall be taken as the arithmetic mean of all the heights measured. The
cross-sectional area of the section shall be taken as being the average width multiplied by the average height.

12 Determination of air density, humid gas constant and viscosity

12.1 Density of air in the test enclosure at section x

The density of the ambient air in the test enclosure is given by the following equation:

pa —0,378p,
Pa =" ma5o
2876,
where
O, s 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, = Pa_ _ 287

Paba 1 _p378 Pv
Pa

NOTE For standard air:

Py = 1,2 kgim?
0, =293,15K
pa=101325 Pa
h,=0,40

R,, = 288 J/(kg-K)

The average density of the air in an airway section x may be obtained by the following equation:

12.2 Determination of vapour pressure

The partial vapour pressure, p,, is obtained by the following equation when the air humidity is measured by
means of a psychrometer at the fan inlet:

Py =(Psat)y, ~ Pa Aw(Ta = Tw) (1 + 0,001157,,)

where
Ty is the dry bulb temperature, in degrees Celsius;
Ty is the wet bulb temperature, in degrees Celsius;

A,,=6,6 x 1074/°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 5,76 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 7,47 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 10,36 10,43 10,51 10,57 10,65
8 10,72 10,80 10,87 10,95 11,01 11,09 11,17 11,24 11,32 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 12,95 13,04
11 13,12 13,21 13,29 13,39 13,47 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 14,77 14,87
13 14,97 15,07 15,17 15,27 15,36 15,47 15,57 15,67 15,77 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 17,96 18,05
16 18,17 18,29 18,41 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 21,69 21,83
19 21,96 22,11 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 27,75 27,92
23 28,09 28,25 28,43 28,60 28,77 28,95 29,12 29,31 29,48 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 33,21 33,41
26 33,61 33,81 34,01 34,21 34,41 34,61 34,83 35,03 35,24 35,44
27 35,65 35,87 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 85,97
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 95,37
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
48 111,67 112,23 112,80 113,37 113,93 114,51 115,08 115,65 116,24 116,83
49 117,41 118,00 118,59 119,177 119,79 120,37 120,99 121,57 122,19 122,80

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

17,438 T,,
—exp| 20w, g a1a7
Peat p[239,78 VT J

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} + 2,891 66 x107° 72

The air relative humidity, 4,,, can also be directly measured in order to obtain
Py= hu(psat)Td

where (psat)Td is the saturation vapour pressure at the dry bulb temperature 74 calculated using the above
formula with 7 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
methods of test.

Two basic flow-metering methods are permissible under these relaxed conditions: i.e. the use of an in-line
flowmeter 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 the conical or
bellmouth inlet.

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

The conical or bellmouth inlet may only be used at the inlet to 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 in ISO 5167-1.

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

2
asnd
In = \2pulp

where

q,, isthe mass flow rate, in kilograms per second;

d is the throat diameter, in metres;

py is the upstream density, in kilograms per cubic metre;
Ap is the pressure difference, in pascals;

a 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

2
qm + PrX or Pex
2Auz puch qup

O, = @sgu -

where

P, or P, isthe power provided by any auxiliary fan;
A, is the area of the duct upstream of the flowmeter;
Ay =0 for an inlet orifice.

When the flowmeter is at the outlet side of the fan to be tested

2
R oor By dm
- 2 2

qm 14 2AU puCp

@u = @sg1 +

The value of ¢,, is obtained by an iterative procedure.

For a given device, ¢is a function of the pressure ratio and « is a function of the Reynolds number. Values for
these coefficients are given in Clauses 22 to 25, Tables 4 and 5, and Figures 19 and 21 to 23.

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

The values for the uncertainties of the flow coefficient associated with each flow-metering element are given in
Clauses 22 to 25. It shall always be possible to reduce the uncertainties associated with any in-line flowmeter
installation different from those defined in ISO 5167-1 by calibrating the installation against an improved or
calibrated standard device in accordance with ISO 5167-1.

13.2.4 In order to facilitate the selection of type and size of flowmeter, the losses associated with each type
are given in Figure 3. Approximate values for the pressure difference (expressed as a multiple of the dynamic
pressure in the downstream airway) which will be registered across each device are also shown.

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

13.3 Traverse methods

The local velocity shall be measured at a number of positions across a duct and the individual velocity values
combined, using an integration technique, to yield an estimate of the mean velocity in the duct. Measurement
of the cross-sectional area of the duct in the traverse plane then allows calculation of the flow rate (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.
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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 throughout these calculations shall be the Sl units given in Clause 4. The results will then also be in
these units: pressure in pascals; power in watts; and volume flow in cubic metres per second.

14.3 Temperature

14.3.1 In this International Standard, the mean temperature measured at section x is assumed to be the
stagnation value, ngx, rather than the fluid temperature or static temperature, ©,, which is slightly lower at
high velocities.

The static temperature, ©,, is determined in accordance with 14.4.3.1 and used in the fluid state equation to
calculate the density.

14.3.2 The behaviour of air in the test airways for the provisions of this International Standard is considered
as adiabatic, because the air is taken from the atmosphere and because of the absence of heat or mechanical
energy increase, except in the test fan. Consequently, the stagnation temperature, O, in all sections
upstream of the fan tested shall be considered constant and equal to the ambient temperature at the test site,
O,

a

@sg1 = 0393 =0,

except when an auxiliary fan is used upstream of a test chamber or test airway.
14.3.3 The stagnation temperature at the fan outlet, 6,,, and in the downstream airways is equal to the

stagnation temperature at the fan inlet, increased by the temperature rise through the fan which is dependent
upon the impeller power, P, the mass flow rate, ¢,,, and the heat capacity of air at constant pressure, Cp-

P or P
Osgp = Oiq1 + —= = Osg4
qup
NOTE In the above equation, ¢, can be taken as 1 008 J/(kg-K) as a first approximation for air.

P, should be replaced 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:

O _
S g, ] 1Ma)%
o 2

X

The ratio 6,,/6, is plotted in Figure 4 as a function of Ma,.
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Figure 4 — Changes in fy;, and the ratio 6,,,/6, as functions of Ma,
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Because Ma, is usually unknown, @, shall be calculated from
— the mass flow rate, ¢,
— the stagnation temperature, O,,

— the section area, 4,,

— the pressure, 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 General

When carrying out low-pressure fan tests using standardized airways, it is usually agreed that the air velocity
is sufficiently low that its influence on parameters such as gas pressure, temperature and density can be
neglected. For high- or medium-pressure fans, a distinction shall be made between the stagnation and the
static values of pressure, temperature and density, unless the reference Mach number is 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 Reference Mach number

In order to obtain a rapid evaluation of the limit above which compressibility phenomena due to air velocity
shall be taken into account, the reference Mach number, Ma,, ., is defined as:

V.
MaZref _ 'm2 _ Am _ dm

Cref Azp4 \/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 made is regarded as equal to 0,15.

14.4.3 Mach number at a section x, Ma,

This is defined as the mean velocity at section x, v, ., divided by the velocity of sound c, at the same section,
i.e.

where
_ _Px
Px = R0,
dm
A% =
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
e ] ot

Ay 2x p2

and

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,

Assuming that
2 2
M. 2 qm _ dm
dsgr = ~5 3 -2
Ay Plsgr KRy BOsgy A} K Psgy Psgx

the Mach number Ma_ is given by:

are known

Ma, = Magg, \/(1 + 1217 MaZy, + 1369 Magg, + 10 Maly, )

For x=1,4 and Magg, < 0,45

2 _
S _ g K22
2 2

X

Figure 6 shows Ma,/Magg, 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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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,

If the Mach number, Ma,, is calculated in accordance with 14.4.3.1 or 14.4.3.2, the ratio G4,/ 0, is given by the
following equation:

e, _
o _ g, K21y,
o, 2
and
K
Psgx _ [@sgx ] -1
Px o
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and

1
Psgx _ Osgr | 1
Px 6,

X

The mean velocity in section x may be determined by the following equation:

qm
V =
mx Ax,Dx
where
1 i
Py @ng k-1 psgx @ng k=1
Px= g ~Pser| g T RO | 6
wZx X w “sgx X

14.5 Fan pressure

14.5.1 The fan pressure, py, is, by international agreement, defined as the difference between the stagnation
pressure at the outlet of the fan and the stagnation pressure at the inlet of the fan, i.e.

Pf = Psg2 ~— Psg1

The stagnation pressure, Psgo in any duct or chamber section x (with an area, 4,) is given by
Psgx = Px t pdfox

where the conventional dynamic pressure, py,, at section x is defined by

2
1 2 1[4
prvmx - 2p (A_m]

X X

with

Py
Ry O,

X

Px=

The Mach factor, f,,, for pressure correction is given as a function of Ma, by the equation

Psgx — Px May;
=——= = + +
L 4 40 ' 1600
prvmx
for x=1,4 (see 3.4).

Jwmy 18 plotted in Figure 4 as a function of Ma,..

NOTE 1 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 pg,).
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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.. s, 4,, and 4, are known for a section x, p, is calculated by the following method.

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

Psgx p
= Psgx =

1
— Psgx
[1 + K_1Ma§j’(_1
2

Px =

Px :(1 + K_1Maf)’(_1
Psgx 2

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

and

2
1 14
Px = Psgx — Pdr/Mc = Psgx — 2 [A_m] e
x

X

with £y, 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 A/4\A2 3. A,

-
I Il
1 2
Key
1 fan
2 flow straightener
3  static pressure measuring planes
4  reference planes

Figure 8 — Measurement and reference planes

The absolute pressure at section x is given by:
Dy =Dex t Pa
and, in accordance with 14.4.3.2,

o,

sgx — 0,

sgn

Ma, and 6, are calculated in accordance with 14.4.3.1

__Px
Px RO,
qm
v =
=

The stagnation pressure at reference section » is given by

Psgn = Px +%var%fox|: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.

© ISO 2007 — Al rights reserved 43



ISO 5801:2007(E)

NOTE1  p,, is negative for an inlet test duct or an inlet chamber.

NOTE 2 It is possible to write:

1 2
Pesgn = Pex +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 4,,.

14.7 Inlet volume flow rate

The methods of flow measurement in this International Standard lead to a determination of the mass flow rate
q,,- In the absence of leakage, ¢,, is constant throughout the airway system.

The inlet volume flow rate can be expressed as the volume flow rate under inlet stagnation conditions, i.e.

dyvsg1 =
Psgt
where
Do = Psg1
Yo I —
Rw@sg1

14.8 Fan air power and efficiency
Three methods are proposed:
— the first derived from the concept of work per unit mass;

— the two others based on the concepts of volume flow rate and pressure with a correction factor to take
into account the influence of fluid compressibility.

These three methods give the same results within a few parts per thousand for a pressure ratio equal to 1,3.

14.8.1 Calculation of fan air power and efficiency from fan work per unit mass

We can say:
2 2
w, = P2 — D1 " Ym2 _ Ym1
Pm 2 2

2 2
:M+l[ﬂj . 1[q_mj
"m 2  pady 2 p1d4
where

p1+p
oy = P1EP2
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and
D1
L1 RO
P2
P2 R O,

p1 and p, being calculated in accordance with 14.5.2.

The fan air power P is equal to the product ¢, 17,

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

— impeller power, P,
— shaft power, P,
— motor output power, P,

— motor input power, Pg;

Ua—%

14.8.2 Calculation of fan air power and efficiency from fan volume flow rate and fan pressure
We can say:

kR = dysgt Pf kp

where
qysg1 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
K k19910

P |Og10[1 +Zk (I”—1):|

and is plotted in Figure 9 as a function of the pressure ratio » and of the coefficient Z,.
NOTE ko and psg1/pmsg differ by less than 2 x 1073, where Pmsg = (psg1 + psgz)/Z.

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

In (1 + x) Zp

k =

P X (1 +2p)
where

x= Pt =r-1

Psg1
and
-1 B
Zp =

K 4ysgl Psgl

kp is plotted in Figure 10 as a function of x and Zy-
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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

Py = dysgl Pt kp
in accordance 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 can say:

_ 2
Py =Py v

W . o=—= -1 _
ms P 2
where
ptp,
m=g

The fan static air power is equal to the product ¢, 7, ; therefore

Fois = 4uWns
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 static pressure
The fan static power is given by the following equation:

P,

us = 9vsgl Psf kps

where kps is calculated in accordance with 14.8.2.1,

and
ro= 14 Lsf
Psgi
x =Bt —
Psg1
and
-1 Psg1tr
Z, = K sg1ir
K 4y Psf
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and

7 :K‘—1 B

p
K 4ysg1 Psg1

Static efficiencies are determined from P in accordance with 14.8.1.

NOTE The fan static power calculated by this method is always greater than that calculated in accordance with
14.8.3.1 (2x 1073 to 4 x 1073).

14.8.3.3 Determination of the fan static work per unit mass, 7, ., from the fan static air power, P,

The fan static work per unit mass, W,

s+ 1S determined using the following equation:

ms = =
9m  49vsgl Psg1

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

The kinetic index, i, is given by the following equations:

— at the faninlet:

2
Vm1

2w

ms

i1=
— at the fan outlet:

2
Ym2
2w

ms

ixp =

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

In this case,

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

— the static and stagnation inlet temperatures and the static and stagnation outlet temperatures may be
taken as equal, and, in the absence of an auxiliary fan upstream of the test fan, equal to the ambient
temperature:

@1 = @sg1 = @2 = @ng = @3 = 9593 = @u = @a = Ta + 273,15
— the air flow through the fan and the test airway is considered as incompressible,

— in the presence of an auxiliary fan, the airflow is considered as incompressible between the planes
labelled 3 and 4 in Figure 8.

14.8.5.1 Determination of mass flow rate

Pu=Peu T Pa
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Pu
p =
" RO,

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

2
1 2 1 dm
Psgx =Px T §P1me =Pyt 2_P1[A_x

or

2
1 qm
= + — |
Pesgx Pex (A ]

where

in the absence of an auxiliary fan upstream of the test fan,

Pa Pa
Py = = = Pa
Rw@sg1 Rw@a

with an auxiliary fan upstream of the test fan,

P1=P2=P3=P4=RW@3

14.8.5.3 Determination of the stagnation pressure at a reference section of the fan from the gauge
pressure measured at section x, p.

In accordance with 14.8.5

Psgn = Px + %P1V§1x |:1 + (‘fnfx)xj|

2
= Dy t %m[%j [1 + (Sgn—x)x:|

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

2
Pesgn = Pex Tt Zim [ZI_,ZJ |:1 + (égn - x) 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

1 2
Pn = Psgn 5101 Vmn

1 2 4 2 1 2
- L m | [ A | 2 |4
P psgn 2,01 [Ax] [An\] pSgn 2/71 {An]

which may also be written

) 20,2 ) 2
_ e | A 2 1 m
Pen = Pesgn 2:01 [ij [An\J Pesgn 2/01 {An\J

14.8.5.5 Calculation of fan pressure

The fan pressure, p;, and the fan static pressure, pgs, are given by the following equations:
Pf = Psg2 — Psgl = Pesg2 ~ Pesgl
Psf = P2 ~ Psgl = Pe2 ~ Pesgt

14.8.5.6 Determination of fan air power, P,

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

us’
Ry = qysg1 Pt

Fus = qvsg1 Pst

The various efficiencies are calculated from P, or P, and the various types of power supplied in accordance
with 14.8.1.

15 Rules for conversion of test results

The test results can only be compared directly with the guaranteed values if, during the acceptance tests, the
measurements of the performance of the fan are taken under the conditions specified.

In most tests completed on fans, it is not possible to exactly reproduce and maintain the operating and/or
driving conditions 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 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

Reynolds number similarity is necessary in order to keep relative thicknesses of boundary layer, velocity
profiles and friction losses equal.

uD, p uD, p
Reu _ 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 difference in efficiency of 0,04 (4 %) may be obtained for a Reynolds numbers ratio equal to 20.

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

For fans, the peripheral Mach number is given by

Y
Ma, = P

! |KR\, O

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

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

This is why, when the Mach number increases, fan performance and efficiency first improve and then tend to
deteriorate.

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
Q
2 /
20
3 p
10 /’
5
1
0.5 \\\\
03 \\ \\
0,2 \
0,1 <
0.05 \\
10* 10° 10° 107 10° Re g,
Key

1  permissible zone
2 limit zone
3 unacceptable zone

Figure 11 — Permissible variations of Re 1./Re g, as function of Re g,
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Figure 12 — Variation of ng /nt, as a function of 4,1, and Ak,
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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, r, and
the range of fan characteristics on either side of the best efficiency point, over which ¢ may be regarded as
constant without unduly increasing the uncertainty of performance prediction.

An agreement between purchaser and manufacturer is needed to apply these conversion rules.

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:

2
1 — kpou (”Gu DrGu] RuyTe OsgiTe | w16 | 1—%cu(1-71) -2
= = e
1 = kpte n7e DiTe RwGu@sgtrcu ) KGu | 1-%Te (1_77r)

2
1 — kpsGu B (”Gu Dreuj Ryte Osg1te | k16 | 1-KGU (1_775r) P

= = Kes
1 - kpsTe nte Dyte RuwcusgiGu | Kau 1-kTe (1_77$r)

where 77is 77, or 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 ) Psg1Gu pGu
PfTe nTe D1 Psg1Te kpTe

2 2 k -1

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

3 5 q
Beu _ (”Gu ] [DrGu j Psg1Gu | | kpGu
Fte nTe Dyte 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
9vsg1 Gu _ [”Guj [DrGuj
dysg1 Te nTe Dyte
2 2
PiGu _ [”Gu] [DrGu] PsgiGu | _ PsiGu
PfTe nTe D1 Psg1Te PsfTe
3 5
Feu _ [”Guj [DrGu] Psg1Gu
Fre nTe Dr1e Psg1Te

15.2.3 Shaft power and impeller power

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

It may be necessary to estimate the bearing losses Py, at ny and Py, at ng, and to use the relations
Prre = Pate — PoTe

and

Fagu = Bcu + Pocu
in order to carry out the conversion specified in 15.2.

However, the error incurred by assuming

PrGu _ PaGu
PrTe PaTe

will not exceed the following, as a percentage,

200(ngy — n1e ) Py
n1e Fa

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 Characteristic curves at constant speed

Fan characteristic curves at constant rotational speed are obtained from results converted in accordance with
the rules given in Clause 15 to a constant stated rotational speed, Ng,,, to a constant stated density, psg16y:
which should, unless otherwise agreed, be 1,2 kg/m3, and to a stated absolute inlet stagnation pressure

Psg1Gur

The fan pressure, p;, and the fan static pressure, pg, or either one of them together with the fan dynamic
pressure corrected for the Mach number effect, py, fino, shall be plotted against the inlet volume flow rate,
dysgt- The fan efficiency, 7,, and/or the fan static efficiency, 7, or their shaft power equivalents may also be
plotted.

An example is given in Figure 13.

16.4 Characteristic curves at inherent speed

Characteristic curves at inherent speed may be used if so desired for a unit consisting of the fan and its
driving means.

The driving means should be operated under fixed and stated conditions, e.g. at the rated voltage and
frequency for an electric motor. The rotational speed should also be indicated on the fan performance
characteristic curve plotted against the inlet volume flow rate. Conversion to another air density is permissible
within the Reynolds number criteria given in 15.2 provided the rotational speed is corrected with respect to
motor input power by use of performance data on the driving means.
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D fan static pressure, in pascals

Dysgt fan inlet volume flow rate, in cubic metres per second
A fan efficiency, as a percentage

ns,  fan static efficiency, as a percentage

Figure 13 — Example of a set of complete, constant-speed, fan characteristic curves

16.5 Characteristic curves for adjustable-duty fan

Adjustable-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.
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1 impeller power curves at different blade pitch angles

2 fan pressure volume curves at different blade pitch angles
3 fan total efficiency curves, 7,

4 fan dynamic pressure at outlet, py,

Ds fan pressure, in pascals

P, impeller power, in kilowatts

qysqr faninlet volume flow rate, in cubic metres per second

Figure 14 — Example of characteristic curves for an adjustable-duty fan

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 International Standard
concerning fan tolerances.
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specified duty: 3,4 m3/s at 1 100 Pa
fan pressure volume characteristic curve
system resistance curve, p; o qzng1

fan pressure, in pascals
fan inlet 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 includes an excellent discussion of uncertainty analysis that can be applied to all aspects of fan
testing, not just fluid flow measurements. The concepts contained in 1SO 5168 provide the basis for the
following.

In this International Standard, 95 % coverage is required.

17.2 Pre-test and post-test analysis
A pre-test uncertainty analysis is recommended to identify potential measurement problems and to permit

design of the most cost-effective test. A post-test uncertainty analysis is required to establish the quality of the
test. This analysis will also show which measurements were associated with the largest errors.

17.3 Analysis procedure

A rigorous uncertainty analysis for a fan test requires significant effort as well as detailed information
concerning the instruments, calibrations, calculations and other factors. There are at least five (and perhaps
as many as 15) parameters that can be considered the results of a fan test. Each result is dependent on one
or more measurements. Each measurement can have five or more components of uncertainty. All of these
components should be considered in an uncertainty analysis.

The procedure outlined in ISO 5168 includes the following steps:

a) list all possible 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 indices by
the root-sum-square (RSS) method;

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

e) calculate the 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 bias limit;

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

a) R=g¢,=5mds

b) 5=0,05m%s v=>5

€) B=0,025m3s

d) U =B?+ (tgss)2 (U corresponds to Uggg in 1ISO 5168)

U = \/0,0252 + (2,57 x 0,05)° = 0,131 m%/s

then

17.6 Maximum allowable uncertainties measurement

This International Standard lists certain requirements for measuring instruments. These include the accuracy
and legibility of the instrument itself and, in some cases, similar information about the working standard which
must be used to calibrate the instrument before and after the test. None of this information is given in terms of
precision index and bias limit, nor is coverage stated. However, values may be assumed to be for uncertainty
at the 95 % confidence level. The same assumption is usually justified when interpreting technical data
supplied by an instrument manufacturer.

Table 2 contains a summary of maximum allowable relative uncertainties for each of the parameters
measured, either directly or indirectly, during a fan test. The instrument (or combination of instruments) used
to determine the parameter value must be sufficiently accurate so that when the various error estimates are
combined, 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
T4=30°C
Gauge pressure 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 pressure Ap uy,=+14% as for gauge pressure 6.2
6.3
Rotational speed of N uy=%20,5% may be reduced to 0,2 % by use of 9
impeller electrical scanning
Rotational frequency of n u,=+0,5% as for rotational speed 9
impeller
Power input P, up,=+t2% measured by torquemeter or 10
two-wattmeter method;
uncertainty according to class of
wattmeter and transformer
Area of a nozzle throat Ay u=+202% u;=0,1%
Area of a duct A, u =+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 relative uncertainty for each result, if the test is to qualify as a test conducted under this International
Standard. Better quality (lower uncertainty) results might be attainable by using instruments with proven

uncertainties lower than those required to satisfy the requirements of 17.6.

The uncertainties in Table 3 are based on the 95 % confidence level. Precision indices and bias limits are not

separately stated. Nevertheless, any test conducted in accordance with this International Standard should

include an uncertainty analysis. The precision indices and bias limits should be listed separately in such an

analysis.
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Table 3 — Maximum allowable uncertainty for the results

Parameter Symbol Relative uncertainty Remarks
Ambient density U, =104 % 2
Pa ra Uga + Upy +Upa
Fan temperature rise AO ur9=%12,8% 2
Upr + Ugp
Outlet stagnation temperature Osg2 Ugsg2 =1 0,4 % Upg AO
Osq2
Outlet stagnation density Psg2 Upsg2 =1 0,7 % Upo
Dynamic pressure Pd2 U,go=1t4 % 2
pd2 \/4uqm +Auy +u'p
Fan pressure s u=+1,4% =g
. =+ 0,
Fan air power P, upy=%12,5% Ugm + 1]
Fan efficienc U, r=13,2% [ 2
y TIr nr o Upy +Upr
Fan flow rate qm Of qy Uy OF Ugy=12 % See individual clauses for various
flow-measurement methods

18 Selection of test method

18.1 Classification
The fan to be tested shall be classified according to 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 select from the
categories available the one which is closest to his application.

18.2 Installation categories

The four categories of installation are as follows:

— category A: free inlet, free outlet;

— category B: free inlet, ducted outlet;

— category C: ducted inlet, free outlet;

— category D: ducted inlet, ducted outlet.

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 side a duct length of 2D or 3D is required to establish ducted outlet performance.
Rectangular-to-round transition has little effect provided there is no change in cross-sectional area. A change

in performance may be expected when the cross-sectional area is increased through a diffuser fitted to the fan
outlet, both for free outlet and ducted outlet systems.

18.5 Alternative methods

For any one installation category, the alternative methods available differ only in the method of flow rate
measurement and control. The relative merits of nozzle, orifice and traverse methods of flow rate
measurement are discussed in Clause 13. Other methods complying fully with the requirements of
International Standards or other well-known standards may also be employed.

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

18.6 Duct simulation

To limit the number of standardized airways required in a test laboratory, those designed for free inlet or outlet
tests may be adapted to ducted inlet or outlet tests by the addition of the inlet and outlet duct simulation
sections described in Clause 28.

Standardized airways designed for category A installation tests may be adapted to provide tests for
category B, C or D installations. It follows that the inlet-side or outlet-side test chambers described in
Clause 29, which will also cover a wide range of fan sizes, are well suited to the needs of a permanent,
universal, test installation.

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

19 Installation of fan and test airways

19.1 Inlets and outlets

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
particular, no wall or other major obstruction should be closer than 2D from the inlet and 5D on the outlet of
the airways or the test fan. Greater unobstructed space at the inlet and outlet of flow-measurement devices is
specified in Clauses 22 to 26. The test enclosure shall be large enough to permit free return from outlet to inlet.

19.4 Matching fan and airway

For the purposes of confirming compliance with the limitations on test duct dimensions, the fan inlet and/or
outlet areas shall be taken as the gross area at the inlet or outlet flange without deduction for motors, fairings
or other obstructions. Where motors, fairings or other obstructions extend beyond an inlet or outlet flange at
which the performance for ducted installation is to be determined, the casing should be extended by a duct of
the same size and shape as the inlet or outlet and of sufficient length to cover the obstruction. The test airway
dimensions should be measured from the plane through the outermost extension of the obstruction as if this
were the 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 the outlet flange or the outlet opening in the casing without deduction for motors, fairings or other
obstructions.

Some free-outlet fans without casings have no well-defined outlet area. A nominal area may then be defined
and stated, e.g. the area within the ring of a propeller wall fan or the circumferential outlet area of an

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

20 Carrying out the test

20.1 Working fluid

The working fluid for tests with standardized airways shall be atmospheric air, and the pressure and
temperature should 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 measurement given in Clauses 9 and 10.

20.4 Ambient 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 Pressure readings
Pressure in the test airways should be observed over a period of not less than 1 min for each point on the fan
characteristic curve. Rapid fluctuations should be damped at the manometer and if the readings still show

random variations, a sufficient number of observations should be recorded to ensure that a time-average is
obtained within the accuracy limits given in 6.3.

20.6 Tests for a specified duty

Tests for a specified duty should comprise not less than three test points determining a short portion of the fan
characteristic curve including the specified flow rate.

20.7 Tests for a fan characteristic curve
Tests for determining fan characteristic curves should comprise a sufficient number of test points to permit the

characteristic curve to be plotted over the normal operating range. Closely spaced points will be necessary
where there is evidence of sharp changes in the shape of the characteristic curve.

20.8 Operating range
Test points outside the normal operating range may be recorded, and the complete fan characteristic curve

plotted, for information only. Tests made outside the normal operating range will not necessarily have the
accuracy expected for tests made within the normal range.

21 Determination of flow rate

Four methods of flow rate measurement are listed in 21.1 to 21.4 and described in Clauses 22 to 25.
21.1 Multiple nozzle

— Multiple nozzle in test chamber

21.2 Conical or bellmouth inlet

21.3 Orifice plate

— Inlet orifice plate

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

— Oirifice 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

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

The profile shall be axially symmetrical and the outlet edge shall be square, sharp and free from burrs, nicks
or roundings. The axes of the nozzle(s) and of the chamber in which they are installed shall be parallel.
Nozzle throat length, L, shall be either 0,64 + 0,005d4 (recommended) or 0,54 + 0,0054.

0 0
d-0,03d L 0,250 d -0,03d L2

poy <

Y

las
<t

A
A

A
Y
A
Y

a) Nozzle with throat-pressure tappings b) Nozzle without throat-pressure tappings
Key

1 fairing radius approximately 0,054, if necessary

a Length L should be 0,54 or 0,6d; 0,6d is recommended for new constructions.

Figure 16 — Nozzle geometry
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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 nozzle interior surface shall be faired smooth so that a straightedge may be rocked over the
surface without clicking and the surface waviness shall not be greater than 0,001d peak-to-peak.

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

22.3 Inlet zone
Multiple nozzles shall be positioned such that the centreline of each nozzle is not less than 1,54 from the

chamber wall. The minimum distance between the centres of any two nozzles in simultaneous use shall be 3d
where d is the diameter of the large nozzle.

22.4 Multiple-nozzle characteristics

22.4.1 A multiple-nozzle installation manufactured in accordance with the requirements in 22.3 may be used
uncalibrated for pressure ratios »4-0,9 (i.e. Ap, 10 kPa).

22.4.2 The nozzle flow rate coefficient, «, is obtained from Table 4 or may be calculated by the following
equations:

. [09986_7,006+134,6] 1 .
Red Red V1 - aAuﬂ4 \/1 - aAuﬂ4
for LId = 0,6
or
a:[0,9986 _6,688+131,5] 1 <
Rey  Req ||\t —app* | 1 - aup?
for LId=0,5
where
Re, is the Reynolds number based on the exit diameter, which may be estimated by the following
equation:

N
Re; = 0,95¢d PulP 408

(17,1 + 0,0487,,)

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 0,976 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 20234
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 37 472
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 The expansibility factor is obtained from Table 5 or may be calculated from:

I Kk -1
K}"dZ/K 1 - I”d K
E =
(x = 1) (1 - ra)
where
_ Pu -Ap _ Ap
rg=—— =1-—
Pu Py
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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 0,50
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 0,977 61 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 0,952 63
0,90 0,944 92 0,944 81 0,944 66 0,944 38 0,943 19 0,940 55

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

and, for a Venturi nozzle, by:
2

d
I = aem == \2py Ap

where
n
(a,. diz) is the sum of the squares of the various open nozzle diameters multiplied by their respective
i =1
l flow 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.

1,254 L=d
0,75d +0,054
0,254
o B \A
4 —‘F“,
A
- A A
& 1 ©
(=) ~N
O- C>~
g S N B N e S —
©
-
L —
| |
w
)
X
X
2 <
&
o>
Key
1 four wall pressure tappings
2 alternative bellmouth inlet
NOTE The four wall 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 0,001d4,
taken at angular 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
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a) Conical or bellmouth inlet
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<0,054
R X S
T L VRN

<

0,0124°
0,0124°¢

I

1,5d

0,754 0,754

A
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15d d
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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 wall.

23.3 Inlet zone

23.3.1 Within the inlet zone defined in Figure 18, there shall be no external obstruction to the free movement
of the air entering the inlet, and the velocity of any cross-currents should not exceed 5 % of the nozzle throat
velocity.

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

23.4 Conical inlet performance

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

23.4.2 The compound coefficient o is dependent on the Reynolds number Re,; and is plotted in Figure 19.
Conical or bellmouth inlets shall not be used when Re, < 20 000.

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

2

d
qQm = a&TCT ,¢2puAp

where p, is the upstream density.

23.5 Bellmouth inlet performance

23.5.1 A bellmouth inlet manufactured in accordance with the requirements of 23.4 may be used
uncalibrated for pressure ratios r4 > 0,96, i.e. Ap <4 000 Pa.

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:

d2
Im = T~ 2py Ap

where p, is the upstream density.
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a Duct diameter.
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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:

L, [2x10f 1
Red 15

23.6.3 The additional uncertainty due to the presence of a uniform screen complying with 23.2 is 0,5 % and
shall be added arithmetically.

23.6.4 These uncertainties may be reduced if a calibrated value of a¢ is used in place of the value given in
Figure 19. The calibration may be carried out using a Pitot-static traverse in accordance with the requirements
of ISO 3966 or by means of a primary device with an uncertainty of flow rate coefficient not exceeding 1,0 %.
The overall uncertainty of mass or volume flow rate measurement with screen loading in accordance with
Figure 18 b) may then be taken as = 2 %.

24 Determination of flow rate using an orifice plate

24.1 Installation

For tests in standardized airways, a common design of orifice plate may be used at the inlet to a test duct
(inlet orifice), at the outlet from a test duct (outlet orifice) or between upstream and downstream ducts of the
same diameter (in-duct orifice in accordance with ISO 5167-1). The ducts shall conform to the requirements of
the relevant test method.

24.2 Orifice plate

24.2.1 The orifice plate and the associated pressure tappings shall conform to the dimensions shown in
Figure 20, to the additional requirements of this clause and to ISO 5167-1.

Two alternative types of tapping are available, the piezometer ring being generally the more convenient for
small ducts and the wall tapping for larger sizes, although neither usage is exclusive.

24.2.2 The orifice plate should be constructed from material which will not corrode in service, and it should
be protected from damage when handling and cleaning. It is particularly important that the edges of the orifice
should not be burred or rounded, or sustain other damage visible to the naked eye.

The upstream edge of the orifice shall be sharp and shall not reflect light. Any edge radius should not exceed
0,000 44. These conditions may be met by machining the orifice plate, fine boring the orifice, and then
finishing the upstream face by a very fine radial cut from the centre outwards.

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 internally.
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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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2  flow straightener (cell-type shown), see Clause 27
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NOTE 1 If the orifice plate is held in place by a clip then the internal diameter is > D5 and the thickness < 0,01Dg,.

NOTE 2 If the orifice plate is held in place by a collar then the internal diameter is < Dy and the radial obstruction

< 0,015,

d) Inlet orifice with wall tappings

Figure 20 (continued)
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e) Detail of inlet or outlet orifice plates for wall tappings, see 24.8, 24.8.1, and 24.8.2
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2  flow straightener (cell-type shown), see Clause 27

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 in-duct orifices in accordance with ISO 5167-1, the upstream duct diameter D shall be determined, to the
nearest 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 downstream side duct
to be nominally cylindrical and of diameter D + 0,03D.

The length 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
upstream 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 expansibility factor, ¢, is given in 24.7, 24.8, and Figure 22.

24.6 Reynolds number

The Reynolds 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 dvg  4q,  aed |2Ap
- ndu v Pu

where u is calculated in accordance with 12.3.

The kinematic 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 « and ¢,
are not known. Only a rough approximation of Re, is needed, however, and it may be considered sufficient to
calculate Rej, or Re, from the first approximation of g,,,.

For an inlet orifice, it may be sufficient to take, for the dynamic viscosity, the value for standard air:
1=18x10"% Pa-s.

In this case,
71q 3
Re, = — x 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

10%

ep

0,75
-1
+ 0,0029/32’5[ } + 0,039/34(1 - /;4) ~ 0,015843

and is shown in Figure 21.

The expansibility factor, &, is given by

¢ =1-(041+ 035p%) A

K‘pu
and is shown in Figure 22.
The uncertainty with which « is known is 0,6 % for Rej, > 1 26042D (D in millimetres) for < 0,6 or 8% for
0,6 < < 0,75 provided the straight lengths of the ducts are in accordance with ISO 5167-1. An additional

uncertainty of 0,5 % shall be arithmetically added when these lengths are divided by 2.

The uncertainty in ¢, as a percentage, is 4(Ap/p,,).
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Figure 21 — Flow rate coefficient, «, of in-duct orifice with taps at D and D/2 (see 24.7)
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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;

B=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
Pe6 _ Peu _ P Ap
I8 = I oy, s ——
Pa Pa Py — Ap

ae = A [1 ~ (B - CrAp)]
where 4, B and C are respectively equal to
A4=0,599 3 +0,159 952 - 0,915 644 + 6,567 546 — 9,142 9538 for $< 0,5
A4=0,6(2,04)532for p=0,5
B=0,249 + 0,070 152+ 0,243% + 0,11336
C=0,0757 +0,05842 + 0,223 + 0,253

The uncertainty 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 not less than (2 000/d)2, where d is expressed in millimetres.

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

The following conditions shall apply:
Ap = Pey — Pedo = Pu ~ Pdo

The temperature, T, is measured in the test chamber.
6, = 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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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, in this case, the orifice ratio to the downstream duct.
' shall not be greater than 0,7. There is no lower limit except for the minimum d specified in 24.5.
a=0,598
£=1-r,,(0249-0,0757r,,)
rap = Pes/Ps = &/(pa — )

The uncertainty with which « is known may be taken as +1,0 % provided that Re,>5 X 10% and
rap=2plpy 2 Ap) < 0,3.

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

25.1 General

For standardized 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) and f);
Figure 45 a); and Figure 46 g). The working fluid is normally atmospheric air.

Measurements may be made and corrections applied in accordance with ISO 3966, but for the purposes of
this International Standard, it is possible to measure uncorrected velocities at the points specified, average the

results and apply a single correction factor « given in 25.6 as a function of Reynolds number to determine the
average velocity at the section with an uncertainty of +2 %.

25.2 Pitot-static tube

The instrument shall conform to the requirements of ISO 3966. The external diameter of the tube, d, shall not
exceed D/48, where D is the diameter of the airway. The diameter of the stagnation pressure hole shall not be
less than 1 mm.

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

NOTE 1  The Pitot tube head shall be free from nicks and burrs.
NOTE 2  All dimensions shall be within £ 2 %.

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

NOTE 4  The static orifices shall not exceed 1 mm in diameter.

NOTE 5 The minimum Pitot tube stem diameter allowed by this International Standard is 2,5 mm. In no 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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Figure 24 (continued)
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c) CETIAT type

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 along three symmetrically disposed diameters of the airway, as shown in Figure 25.

0,0210
0,117D

0,345D

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

Figure 25 — Positions for traverse measurements in standardized airways
The head of the Pitot-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.

0,021D £ 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:

2

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

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

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

1
Pex = ; (pex1 + Pex2 + - t pexn)

Px =Pex T Pa

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

x1
Px K
0, = Oy | — = —
_ _Px
px RW@X

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

D2
Gy = GET Tx 2p,. Apm

where
0,5

2
R PR +K+1[Apm]

2K px 6’('2 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 disregarding systematic errors which may reach + 0,8 % of volume
flow rate or mass flow rate. Random uncertainties of measurement total + 1,1 %. Therefore the uncertainty of
flow rate measurement may be taken as + 2 %.

This estimate assumes that the uncertainty of manometer calibration is £ 1 %. Sensitive manometers are
necessary to meet this requirement at moderately low air velocities. The manometer calibration required for air
with a density of 1,2 kg/m3 is shown below for different flow velocities:

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

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:
— category A: free inlet and free outlet;

— category B: free inlet and ducted outlet;

— category C: ducted inlet and free outlet;

— category D: ducted inlet and ducted outlet.

The test installation shall reproduce these working conditions as closely as possible, therefore four categories
of test setup have been defined.

26.1 Category A: free inlet and free outlet

In order to qualify for 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 inlet or 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 in the test airway, if the in-site fan has a short outlet-side duct.

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

The fan performance is calculated as for other category C fan tests.

26.4 Category D: ducted inlet and ducted outlet

In order to qualify for installation category D, an inlet duct simulation shall be used and an outlet duct shall be
used.

Normally, inlet and outlet ducts shall be of the common-segment type, as specified in 28.2 and 28.3
respectively.

When an inlet or outlet chamber is used, the outlet duct may be of the short variety described in 28.2.5 when
there is no swirl at the fan outlet.

For large fans (> 800 mm diameter), it may be difficult to carry out the tests with the standardized
common-segment airways on the outlet side, including straighteners. In this case, by mutual agreement
between the parties concerned, the fan performance may be determined using the method described in 28.2.5
and 28.4 with a duct of length 2D, on the outlet side.

Results obtained in this way may differ to some extent from those obtained by using common airways on both
the inlet and outlet side, especially if the fan produces a large swirl. It is still a subject of research to determine
which method gives the most representative values.

In this case, the outlet static pressure is not measured in the outlet duct but considered as equal to the
atmospheric pressure.

26.5 Test installation type

To identify the performance, the symbols of the characteristics influenced by the installation category, shall
have an additional letter indicating the test installation type:

— Piar PBs Pic OF Pip
—  PstAr PsiBs Pstc OF PsiD

—  Tha ThkBs Tlkc OF ThD-

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
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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 complete characteristic is
required.

The antiswirl 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~ . ~—— i
— ~~L—]

T T |
. ~—: \\l |
\\ ‘v\\ H /

\"\\. 1 —/—//

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 straightener is also designed to eliminate swirl but is of little use in equalization of asymmetric
velocity distributions. 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 straightener, but is easier to manufacture. More importantly, and unlike the cell type, it allows the
static pressure 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 of length 2D, (witha =1 %
tolerance) and of thickness not greater than 0,007D,. The blades will be arranged to be equidistant on the
circumference 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

Standardized airways for category B, C or D ducted fan installations incorporate common segments adjacent
to the fan inlet and/or outlet which are described in this clause.

Pressure measurements are made at the outer ends of these common segments and geometric variations are
strictly limited so that the fan pressures determined will be consistent from one installation category to another.

28.2 Common segment at fan outlet

This comprises the section of an outlet side test airway adjacent to the fan. It incorporates a standardized flow
straightener in accordance with 27.1.2 and Figure 28 in the central cylindrical section, together with a set of
wall tappings in accordance with Clause 7. A transition section may be used to accommodate a difference of
area and/or shape within the limits indicated in 28.2.2 and 28.2.3.

Figures 28, 29 and 30 show the recommended devices.

1
6D,

| e

A
 J

A
A
A
Y
i
_\

Key

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

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

A
 J

Key

1  fanontest
2 test fan outlet
3  pressure-measurement section

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

6D,

A
 J

Key

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

Figure 30 — Rectangular fan outlet where b < &
28.2.1 Circular fan outlet when D, = D, (see Figure 28).
28.2.2 Circular fan outlet when D, # D, (see Figure 29):
0,95 < (D4/Dy)? < 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

28.2.5 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

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

T

28.3 Common segment at fan inlet

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

B D, L D, e 2D,
< i< el
1
-
RS 3
XX KX XX
|l
3 1 2
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,

D,

Ds

D5

D4

<
d

Key

1 test fan inlet

2 test fan outlet

3  pressure-measurement section

4  fan on test (tube-axial type shown)

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

28.3.3 Rectangular fan inlet, b4 (see Figure 34)

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

2
"f 3 - 0,95bh

4bh

Ls1 Y
Y2,

4bh

Ly =,|—
b

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.

102
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3
Key
1  testfaninlet
2 testfan outlet
3  pressure-measurement section
4 fan on test (centrifugal shown with an integral inlet box)

Figure 34 — Rectangular fan inlet

28.4 Outlet duct simulation

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

The outlet simulation section takes the form of the common segment defined in 28.2, according to the
particular case. The outlet of the common segment is left open to the atmosphere, but the outlet-side pressure
is measured by the wall tappings in plane 4.

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

In this case, by mutual agreement between the parties concerned, the fan performance may be measured
with a duct of 2D, on the outlet side.

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

In this case, the static pressure, pg4, is not measured at the wall of the outlet duct of length 3D. This static
pressure is taken to be equal to the atmospheric pressure.

28.5 Inlet duct simulation

A fan tested for use with free inlet but adaptable for ducted inlet may be converted from the former 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.
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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 allowances for standardized airways

Conventional allowances given in this subclause shall be made for airway friction in tests with standardized
airways. The friction allowance factors are shown in Figure 35.

These allowances depend on the Reynolds number, Rep, of the flow in the test airway, and are based on fully
developed flow in smooth ducts, irrespective of the actual flow pattern produced by the fan.

The allowances are calculated for the common segments described in 28.2 and 28.3 between the fan outlet or
inlet and the plane of pressure measurement. The same allowances should be made when transition sections
are incorporated and when an inlet-duct simulation section as described in 28.5 is used (in which case they
cover the bellmouth entry loss).
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Figure 35 — Loss coefficients
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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:

s = 0,95 (Repy) >V

and the conventional loss coefficient (&, _ 4), between the fan outlet and the measuring plane 4 is given by the
following equation:

(62-4), = 34+ 095 (Reps) "

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

where

VmaDaps _ YmaDs 108
o 15

Reps =

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

The losses between planes 2 and 4 are given by the following equation:

2
P4V m4
App_y4 = (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 equation:

A= 014(Repng) "

and is shown plotted in Figure 35 b).

The ratio of equivalent length of a cell-straightener to hydraulic diameter D, (D, = D4 for a circular duct) is
given by the following equation:

Le 15,04

183

2
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)*®

and

(&1-3)3 = 0015 + 126 (Repg) ™

where

Vm3 D Vm3 D
Reps = —m3 3P3  Ym3¥3 406

H3 15

in standard air.

The conventional loss coefficient

(5371)3 =—(§371)3
is always negative and is shown in Figure 35 a).

The energy losses between planes 3 and 1 are given by the following equation:

2
P3Vm3
2

Aps_q = (&3-1)3 vz

28.6.5 Energy loss allowances for inlet duct simulation described in 28.5

There are no losses allowed for this inlet duct, unless an inlet duct corresponding to the common segments
described 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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VARVARY

20,503

g

0,303 20,50,
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3 1 2

NOTE  For test airways for flow rate control and measurement, see Figure 40 and Clause 31.

a) Inlet chamber dimensions

0,803 0,803
i L
A A
S S
<
¢ o2 ¢ =
4 4
I ]
3 3
NOTE The fans illustrated have the maximum permissible dimensions.

b) Example of a propeller fan c) Example of an axial fan

Figure 36 — Examples of inlet-side test chambers type 1
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0,204°
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0,805 ~
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NOTE The fan illustrated has the maximum permissible dimensions.

d) Example of a double-inlet centrifugal fan

0,805

A

Y

e

I | \'\
il \\—/\

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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1 this figure shows a rectangular chamber

NOTE 1  Chamber diameter D; > 2,5Dy;.

NOTE 2 Equivalent chamber diameter D3 = \/}137 >2,5Dy; .
NOTE 3 ha min. > 2Dy,

NOTE 4 by max. > 1,5h,.
a) Dimensions of inlet test chamber
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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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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 Clause 7 and be
equally spaced around a cylindrical chamber or at the centre of each of the sides of a square or rectangular
chamber.

29.1.3 Flow-settling means

Flow-settling means shall be installed in chambers where indicated on the test installation plans to provide the
required 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 shall be located as symmetrically as possible. The centreline of each nozzle shall be at least
1,5d , where d is the nozzle throat diameter, from the chamber wall. The minimum distance between centres
of any two nozzles in simultaneous use shall be 3d, with the d measurement taken from the larger nozzle.

The distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of
2,5d, with the d measurement taken from the largest nozzle.

The distance between the inlet plane of the nozzles and the upstream and downstream pressure taps is
38 mm £ 6 mm.

29.1.5 Orifice plate in chamber

The orifice shall be coaxial within the chamber to within + 1° and + 0,005D,, (see 24.2). The distance between
the upstream face of the orifice plate and the exit of the upstream settling means shall be a minimum of 0,4D,,,
where Dy, is the hydraulic diameter of the chamber.

The distance between the exit face of the orifice plate and the downstream settling means shall be a minimum
of 0,5Dy,.

The distance between the inlet plane of the orifice plate and the upstream and downstream pressure taps is
0,05D, £ 0,01Dy,.

The orifice plate shall be in accordance with the conditions described in 24.2.
29.2 Variable supply and exhaust systems

A means of varying the point of operation shall be provided in a laboratory setup.
29.2.1 Throttling devices

Throttling devices may be used to control the point of operation of the fan. Such devices shall be located on
the end of the duct or chamber and should be symmetrical about the duct or chamber axis.

29.2.2 Auxiliary fans
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
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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
with b3 < 1,53 and the equivalent chamber diameter:

For fans with an 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 depending on the installation
conditions, it will be necessary to use a test chamber extended in length compared with the minimum
dimensions indicated in Figure 37.

29.3.1.3 Inlet test chamber type 3

The dimension D5 of the inlet test chamber type 3 is the inside diameter of a circular chamber or the
equivalent diameter of a rectangular chamber with inside transverse dimensions /1353

where

4h3bgy
Pa="%

The pressure-measuring 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 under test

29.3.2.1 Inlet chamber type 1

The fan under test may have any inlet throat area, 44;, not exceeding
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.

Examples 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
A4y < 45/6,25
or
A3>6,25 A4,
When testing a double-inlet fan, the minimum width of the chamber shall be capable of accommodating both
inlets. It is expedient to choose a chamber with square or rectangular cross-section, of which the total width,

bs, is the sum of the fan width, 5, and an open space surrounding the two intake openings corresponding to a
hemisphere of radius equal to 1,25D; as shown in Figure 37.

29.3.2.3 Inlet chamber type 3

Inlet chambers shall have a cross-sectional area greater than five times the fan inlet throat area:
Az > 54,

They may optionally be fitted with multinozzles for flow rate measurement (see Figure 38).

29.4 Standardized outlet test chambers

29.4.1 Test chamber (see Figure 39)
The test chamber cross-section may be circular with inside diameter Dg, square Dg X Dg or rectangular sgbg.

The dimension Dg of the chamber is the inside diameter of a circular chamber or the equivalent diameter of a
rectangular chamber with inside dimensions /g and bg where

4hg bg
Py

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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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 (45 > 164,).

30 Standard methods with test chambers — Category A installations

30.1 Types of fan setup

Two general setups of fan on chamber are shown:

a) inlet-side test chamber setup;

b) outlet-side test chamber setup.

A number of methods of controlling and measuring the flow rate using inlet or outlet chambers are shown. The
method of flow rate measurement is specified in each case, together with the clauses and figures giving
details of the flow-measurement procedure.

A common procedure, comprising measurements to be taken and quantities to be calculated, allowing the
determination of fan performance in category A installations, together with a number of methods for
determining flow rate in the case of inlet chamber setup and two methods in the case of outlet chamber setup
are given in 30.2 and 30.3.

The chambers are assumed to be large enough that effects of Mach numbers are negligible.

The procedure is generally valid for all fans conforming with this International Standard.

The 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.

The procedures for these cases are given in 30.2.4.
30.2 Inlet-side test chambers

30.2.1 Flow rate determination

The flow rate is determined by:

— conical or bellmouth inlet, see Figure 40 a);

— inlet orifice with wall taps, see Figure 40 b);

— 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).
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a) Flow rate determination using ISO conical or bellmouth inlet
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b) Flow rate determination using inlet orifice with wall taps

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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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
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/ / | [} 2,5d
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| | N
I | r
I I l
r/ A
2
7 pe5 A,D J pesgS N
e) Flow rate determination using multi-nozzle chamber
Key
1 auxiliary fan
2 test fan (centrifugal, shown with an integral inlet box)
3  testfan (tube-axial type shown)
4 transition section
5 flow straightener
6  Pitot-static tube traverse
7  flow-settling means
NOTE  See 4.2 for plane descriptions.

Figure 40 (continued)

30.2.2 Measurements to be taken during tests (see Clause 20)

Measure

rotational speed, N, or rotational frequency, r;

power, P,, P, or P, and estimate impeller power (see 10.4) and power, P, of an auxiliary fan;
flowmeter differential pressure, Ap;

pressure, pe7 Or pes, Upstream of the flowmeter;

chamber pressure, p.3, for Figure 40 and chamber stagnation pressure for Figure 40 d) and e);

chamber temperature, T3.
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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 procedure should be applied when both the fan pressure ratio is more than 1,02 and the reference Mach
number, May,, is more than 0,15 (see 14.4.2).

30.2.3.1 Calculation of flow rate
30.2.3.1.1 The flow rate is determined by
— conical or bellmouth inlet, see Clause 23 and Figure 40 a);
— inlet orifice 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
P7=Pa="Pu

Osg7 = € = Ta + 273,15

pP7

o RW@7

after calculation of the dynamic viscosity of air in accordance with 12.3 and a first approximation of the
Reynolds number through the flowmeter, the flow coefficient, o, and the expansibility factor, & or the
compound coefficient, as, may be determined in accordance with 23.4 and Figure 19 for a conical or
bellmouth inlet or in accordance with 24.5 for an inlet orifice with wall taps.

The mass flow rate is given by the following equation:

42
qpm = AET TS \2p74p

When «is a function of the Reynolds number Re, or Re), the variation of « with Re; or Rep, shall be taken into
account in the equation above.

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
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P. or P
8897 = 8893 = 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:

2
nd
dn = az == \[2p78p

The expansibility coefficient is determined in accordance with 24.7 and 24.8.

After an estimation of the flowmeter Reynolds number:

acds\2p7AP 406

(17,1 + 0,04877)

Red5 =

or
ReD7 = Redsﬂ

the flow coefficient, ¢, or the compound coefficient, e, are determined in accordance with 24.7 and Figure 21
for an in-duct orifice with taps at D and D/2.

A first approximation of ¢,, may be obtained with ©; = 8397; ©, may be determined and new values of « and
q,, calculated.

Two iterations are sufficient for a calculation accuracy of three places of decimals.

30.2.3.1.3 The flow rate is determined using a Pitot-static tube traverse [see Clause 25 and Figure 40 d)].

A control device or an auxiliary fan with a control device is set upstream of the duct for flow rate measurement.
Assuming that

P5=Pe5 T Pa

1 n
Pes = " Zpe5j
=1

o,

595 = @Sg3: T3+ 273,15

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 25.5.
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The mass flow is determined by the following equation:

dm = @EA5\2P5APm

where
Ps
Ps5 R, 05
2 1/2
A A
8:1—i pm+’(+21[pmj
2k ps 6k Ps

«is a function of Reynolds number Rep5 very close to 0,99 (see 25.6).
A first approximation 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 40 e)].

A control device or an auxiliary fan with a control device is set upstream of the chamber.

Assuming that

@3= 8593= @Sg7= @7= T3+273,15

P7=Pe7 T Pa
_ P7
P7 Ry, O,
d
D7

The mass flow rate is given by the following equation in accordance with 22.4:

2
n d5
dm = MZ [C_j TJJ V2p7Ap
Jj=1

where
¢ is the expansibility coefficient in accordance with 22.4.3 and Table 5;

G is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds
number Re;s;;

p=0and C = a;
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:

_ 5C1d5j ,[2107Ap y 106

Ree. =
5] T 471 + 0,048 T,

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

D7 =DPe7 T P2
_ pr
P7 RO,
ds
= —2<0,25
p D

7

The mass flow rate is given by the following equation in accordance with 24.5:

d2
q, = aenT54/2p7Ap

where 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

P3=Pe3 T Pa
@3 = T3 + 273,15 = @Sg3 = @Sg1
P3
P3 = 5
Rw @3

In accordance with 14.5 and 14.6:

2 2
Ym3 1 dm
Psg1 =P3 TP3 — =P3 * 5 —5 = Psg3
2 2 A5p,
or
2 2
Vm3 1 ¢
Pesgt = Pe3 T P3 r; =Pe3 T 2 2m = Pesg3
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="Psgl — Pd1/M1= Psgt — 27 [A_mj S
1 4

or

2
_ _ 1 [ 4m _
Pe1 = Pesgl — Pd1/M1= Pesgi 20 {AJ SM1 =pP1-Pa

the Mach factor fy,4 being calculated in accordance with 14.5.1.
30.2.3.2.2 Fan outlet pressure
At the fan outlet, p, is equal to the atmospheric pressure p,, and

F oor P,

Oypp = Byq +
g2 g1
dm cp

Ma, and 6, are calculated in accordance with 14.4.3.1:

P2

P2 = Ry, Oy

2
1 (g,
= 4+ — | —
Psg2 = P2 2, {Az] Sm2
Juo being calculated in accordance with 14.5.1.

This may also be written

2
1 [q
Pesg2 = _[_m} Sm2

2p \ 42
P17+ P2
Pm 2
1%
[
"

30.2.3.2.3 Fan pressure

The fan static pressure pg;, 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
dysgl = =
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
W _P2=P1_Ym _P2-pr1_1 [ qm ]
msA = T 5 T 5
Pm 2 Pm 2 | A1p1
and the fan work per unit mass by

_ 2
WmA _ P2 P1 + ng V;ﬂ
Pm

2 2
— P2 — P1 + l qm _ qm
Pm 2 | 42p2 A1p1

The fan static power and the fan air power P 45 and P, are given by the following equations:

Pusa =49, W,sA

Pun=qm Wun
30.2.3.4.2 Calculation of fan air power and compressibility coefficient
In accordance with 14.8.2:

Pysa= qug1'psz'kps

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
po= 1 4 LsfA
Psgt

for fan air power, and

-1 A
K Qqysgt (Psz or PfA)

Zy =

for fan static air power or fan air power.

b) Second method:

In(1 + x) Zp

koo Or k, =
P xin(1+ Zp)
where
x:r_1:Psz or PiA
Psgt Psgt

for fan static power or fan air power

k-1 B
K Qqysgl Psgl

Zy =

30.2.3.5 Calculation of efficiencies
In accordance with 14.8.1, the efficiencies are given by the following equations:

— fan static efficiency:

PusA
NMsrA =
F

— fan efficiency:

PuA
P

Tha =
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— fan static shaft efficiency:

PusA
Pa

NsaA =

— fan shaft efficiency:

PuA
Py

Mapn =

30.2.4 Simplified method

The reference Mach number Ma,, . is less than 0,15 and pressure ratio less than 1,02 (see 14.8.5).

The air flow through the fan may be considered as incompressible.

O, = @sg1 =03= @sgS =0,= @sg2

P1=P2
=z =1
kp=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

P3

P1= Psg1 = Psg3 —m

2
1 (gm ]
-y [
9 2Psg1 A3

2

1 qm

= 4+ — | 2
Pesgl 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
2
1 9m
= 4+ | 2
Psg2 P2 201 [AZJ

or

2
p = L q_m
esg2 204 | 4y

30.2.4.2.3 Fan pressure

The fan pressures are given by the following equations:

PstA = P2 —Psg1 =Pa ~ Psg1 = ~ Pesg1
1 2 1 2
dm dm
PfA = Psg2 — Psgl = P2+—[—]- P3+—(—]
g ’ 2p1 \ 42 2p1 43

1 2 1 2
S P A

2p1 4z 2p1 (43

30.2.4.3 Calculation of volume flow rate

The volume flow rate at inlet conditions is determined by the following equation:

_ qm _ qm
Qysgl = =
Psgl [ Psg1 ]

Ry Osg
30.2.4.4 Calculation of fan air power
The fan air powers 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 flow rate is determined using:

ISO 5801:2007(E)

— multiple nozzles in chamber (see Clause 22, Figure 41);

— an orifice plate in chamber (see 24.8.1, Figure 41).

Dimensions in millimetres

Ja =050,
;0,51_ 38 #6 |
38 6
PL1 PL2 PL4 PL6||[PL8
<
1 | , 3
/ | Y | /
A | } >2,5d; — 7
- i =
1 | ~ TN =
| [T
| +

pe4L Pes

1 testfan (vane-axial type shown)
2  flow-settling means
3  variable exhaust system

Ap

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, pg;

— chamber pressure, pgy;

— chamber temperature, 7.

In the test enclosure, measure:
— atmospheric pressure at the mean altitude of the fan, p;
— ambient temperature near the inlet, 7;

— dry and wet bulb temperatures, T4 and 7,,,.

Determine the ambient air density, p,, and gas constant of humid air, R,,, in accordance with Clause 12.

30.3.3 General procedure for compressible fluid flow

This procedure should be applied when the reference Mach number Ma, ¢ is greater than 0,15 and the
pressure ratio greater than 1,02.

30.3.3.1 Calculation 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 chamber is followed by a control device or an auxiliary fan with a control device.
Assuming that
Dg=PatPes

d
=8 - B~0
Dg

_ DPs
Pe6 Ry, Og

The mass flow rate is given by the following equation in accordance with 22.4:

2
n d8 .
G = &TZ{CJ- TJJ\/ZPGAP
=

where

£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
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C; 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:

Reo: =
48] T 1711 0,048 T,

with C;=0,95.

After a first estimation of the mass flow rate, the discharge coefficients, G, are corrected for the Reynolds
number variations.

30.3.3.1.2 The mass flow rate is determined using an orifice plate in the test chamber with wall tappings,
see 24.8.1 and Figures 20 e), f) and g) and 41.

Assuming that

P6 =Dat Pes

@6= T6+273’15= @Sge

fi:ﬂ<025
Dg

_ Ps
P6 RO

The mass flow rate is given by the following equation in accordance with 24.5.
d2
d9m= amTS 2pgAp

where a¢ is determined in accordance with 24.5 and 24.8.1.
30.3.3.2 Calculation of fan pressure
30.3.3.2.1 Fan outlet pressure

D2 =P4=Pes +Pa

o,

sg2 ~ &

sga = T4+ 273,15 = Ogyg
The Mach number Ma, and the temperature @, are determined in accordance with 14.4.3.1 and Figure 4.

Ma2
O, = @ng M—
dsg2
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P2 _ P4
RWQZ RWQZ

P2 =

2
1 (g,
= + | 2
Psg2 = P2 2p2[A2J M2

or

2
1 dm
= 4+ — ] —
Pesg2 = Pe2 2/02[142 vz

Jfuo being determined in accordance with 14.5.1.

30.3.3.2.2 Fan inlet pressure
Psg1 =Pa Pesgl = 0

O,

g1 = Ta + 273,15

The Mach number May, the ratio psg4/p4, and the Mach factor /4 are calculated in accordance with 14.4.3.2,
14.4.4 and 14.5.1.

2
- 1 | 4m
P1=Psg1 24 {A1] w1

or

2
_ 1 dm
Det = 2, [AJ S

30.3.3.2.3 Fan pressure

The fan static pressure pg and the fan pressure pg, are given by the following equations:
PstA = P2 ~Psg1 =P2 —Pa=Pe2

PfA = Psg2 ~ Psg1 = Pesg2 ~ Pesgl1 = Pesg2

_P1t P2
Pm —2
P£1
K —_ —_—
P o

30.3.3.3 Calculation of the volume flow rate

Under the test conditions the volume flow rate is determined by the following equation:

9m

dysgl =
Psgl
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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

P1=P2
1=z =1
k.=1

p
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
30.3.3.4.21 Fan outlet pressure

Pa
ROy

P1= Psg1 = P2 = Psg2 =P4=Pu=Pa=

2

1 dm

=pg+ — | 2
Psg2 = P4 2 1[142}

or

2

1 dm

= + — _
Pesg2 = Ped 2p4 [Azj

30.3.3.4.2.2 Fan inlet pressure

2
D1 = Deat — L
1 sg1 2,01 A4

2
» __ 1 {dn
20 (4

30.3.34.2.3 Fan pressure

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 qm
= + — | == =
Pes 24 [A2] Pesg4
30.3.3.4.3 Calculation of volume flow rate

dm

- 9m  _
dysgt = =
Psgi Psg1
Rw@g1

30.3.3.4.4 Calculation of fan air power

The fan air powers are determined by the following equations:
Pusa = dysg1PstA
Pyp = qysg1-Pia

30.3.3.4.5 Calculation of fan efficiencies

Fan efficiencies are calculated in accordance with 14.8.1.

30.3.4 Fan performance under test conditions

Under the test conditions, the fan performances are as follows:
— inlet volume flow, gyg1;

— fan static pressure, pg;

— fan pressure, p;p;

— fan efficiency, 7. OF 7p.

31 Standard test methods with outlet-side test ducts — Category B installations

31.1 Types of fan 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:

— outlet 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);
— Pitot-static tube traverse, see Clause 25 and Figure 42 c);

— multiple nozzles in chamber, see Clause 22 and Figure 42 d).
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Lo, Du 304 D 29,20, 12D
o,
PL1 PL2 PL4 o PL6
| | | £
1 >
&Y JA A
. sl — g =gl =}
A X % S~v PN |
@) ’

Pea 0,375d,

Key

1 test fan (open inlet centrifugal type shown)
2 transition duct rectangular to round
3  flow straightener (only required if swirl present)

a) Flow rate determination using an outlet orifice

LTZ; Dh; 304

<
Ll L

D, , =200 250

»lag
g -

A
A
A
Y
A
A

20,

A

Py

PL1 PL2 PL4 PL6 PL8

@) i

P

L1
2 3 st Pes
Key
1 test fan (open inlet centrifugal type shown)
2 transition duct rectangular to round
3  flow straightener (only required if swirl present) (star type shown)
4  flow throttling device

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
A

A
Y
A
A
A
A

20,

A
 J

1 2 pe4 3 4 5
Pes A,D
Key
1  test fan (tube-axial type shown)
2 flow straightener (only required if swirl present) (star type shown)
3 transition piece, convergent when Dg # D,; included angle 20°
4  Pitot-static tube traverse
5  flow throttling device

a8 This cylindrical airway section of length D, may be replaced by a transition section in accordance with Clause 30
when required 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 Bl B

A
A

38 6

!

PLA1 PL2 PL4 < | PL6PL8

J

8D

1 2 3 Pea 4 5
P e6 A,D

<2504

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;

— differential pressure, Ap;

— chamber temperature, Tg.
In the test enclosure, measure

— atmospheric pressure, p,, at the mean fan altitude;
— ambient temperature near 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).

31.2.3 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
pressure ratio is more than 1,02.

31.2.3.1 Calculation 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 and D/2, see 24.7 and Figure 42 b).

The outlet test ducts for pressure and flow rate measurements are followed by a control device or an auxiliary
fan with a control device.

a) The temperature in the test duct 7, or Ty is not measured.
This is the normal procedure.
Assuming that

D6 =Pes t Pa

Osgr =Ty + 273,15

P or P
@ng :@sg1 + =
qmcp
2 2
O — O qm _ B oor P, m
6=Cgs = 5 5 Gt t T 2.2
2A6p6cp qmcp 2A6p66‘p
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but 5, G46 and g,, are unknown.

The mass flow rate is determined by the following equation:

d§
Im = a@em—,~ 2pelp

where
¢ is the expansibility coefficient determined in accordance with 24.7 and 24.8;

a s the flow coefficient function of Reynolds number Re g or Repg estimated by the following equations:

a£dg\2pehp o6

R -
48 T 471 10,0487
or
aeBdg2pA
Repg = Pde\2petp x 108

17,1 + 0,0487T%

« or the compound coefficient, ae, is determined in accordance with 24.7, 24.8 and Figures 21, 22 and 23.

An iterative procedure should be applied to calculate 65, pg, Reyg Or Repg, a and g, from a first value
Of 86 66 =06, O.

sgb6 — Csg1-

Three or four iterations are sufficient to obtain ¢,, with a calculation accuracy of three places of decimals.
b) The temperature Ty is measured. It is considered as a stagnation temperature 8396:

qz

@6 = T6 + 273,15 = 2—’112

243 p6¢)

and the above procedure is applied.

31.2.3.1.2 Flow rate is determined using a Pitot-static tube traverse, see Clause 25 and Figure 42 c) and d).

NOTE For the installation in Figure 42 d), plane 4 and plane 6 are identical.

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
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P or P
Osge = Osgr + : €
qup
-1
Pe K
O = Osgp ( j
g Pe + Apm

[+ ...m)r

Pe

e = RWQG

The mass flow rate ¢,, is determined by the following equation:

dm = a&ds\2psApm

where ¢ is a flow rate coefficient function of the Reynolds number Re g very close to 0,99 (see 25.6).

\2P6 Apm « 108

17,1 + 0,0487T%

ReDG = (ZSDG

where ¢ is the expansibility coefficient (see 25.5):

1/2

1 Appn N K+1(Apm]2

e =|1- —
2k pe 6x2 \ Ps

A first approximation of ¢, is calculated with o= 0,99 and ¢ is calculated by the expression above.
This value of g,, allows calculation of Re,g, @ and a second value of g,,,.

Two or three iterations are sufficient to determine the mass flow rate with a calculation accuracy of three
places of decimals.

31.2.3.1.3 The mass flow rate is determined using multiple nozzles in chamber, see Clause 22 and
Figure 42 d).

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
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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:

d2

n .
j=1

where
£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
C, is the discharge coefficient of the jth nozzle, as a function of the nozzle throat Reynolds number;

j

Reyg;  see 22.4;

B=0and ;= o;

Cj = is calculated in accordance with 22.4 and Table 4;

n is the number of nozzles, equal to 1 for a nozzle on the end of the chamber.
For each nozzle, the throat Reynolds number, Re g, is estimated using the following equation:

_ Ecjdgj,lszAp X1O6

Re o. =
‘48] T 171 1 0,048 T,

with Cj = 0,95.

After a 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
D4 =Pes 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 = P4+ p42vm4 fma [1 + (5274)4}

or

2
Pesg2 = Pe4 p42Vm4 Sma [1 + (5274)4]

The static density, p,, and the pressure, p,, are calculated in accordance with 14.5.2, Ma, being determined in
accordance with 14.4.3.2 and Figure 6.

2

v
P2=Psg2~ P2 %Zflvlz
1 2
qm
=Psg2 5 || fm2
9% 2p, {Azj

or

2
_ 1 [ 4m
Pe2 = Pesg2 2p, [A2] Sm2

31.2.3.2.2 Fan inlet pressure

At the fan inlet, pgyq = pa, @41 = G,, and py may be determined in accordance with 14.5.2 and 14.4.3.2.

2
2

_ _ Vm1 — _ 1 dm
P1=Psgt = P17 S = Psgt 21 (_AJ Smi

Ma4 and p, being 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
2

Pm =
and
k= p1lpm

31.2.3.3 Calculation of volume flow rate

The volume flow rate is calculated by the following equation:

— qm _ qm
dysgt = =
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 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,g = P2 P1 sz _%
2
_ Pz — D1 [ ] [ dm j
A2p2 414
_peZ_Pe1+V§1 _ Ymit
Prm 2 2
2 2
W~ P2 = P1_ Ym Pz—P1_l(61m]
msB —
Pm 2 Pm 2\ A1pq

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 PsB 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=14+ 2B
Psgt
for kp or
P.
r=14+-38
Psg1
for kyg and
Z = k-1 B
K 4qysg1 PfC
for ky or
Z = Kk —1 B
K qysg1 PsfC
for kps.

b) Second method:

In (1+ x) Z,

ko OF k, =
ps P x In (1 + Zp)
where
x=r —1=28 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

Ns,tc = —(—

B

— fan shaft efficiency:

PuB
Py

Nac =

— fan static shaft efficiency:

PusB
Nlsac =

Py

31.2.4 Simplified method

The reference Mach number Ma,, . is less than 0,15 and pressure ratio less than 1,02 (see 14.8.5).

The air flow through the fan and the test airway may be considered as incompressible.

@1 = @Sg1 = @2: @ngz @a: Ta+273,15

p1 = P2 = pa= pg = pa= —22—
1 2 4 6 a RWQa
1=z =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
_ 1 (4w
P2=Psg2= 5|

2py \ 4z
2
Pe2 =P 50— L (q_m]
e 0302”5 | 4,

31.2.4.2.2 Fan inlet pressure
Psg1 = Pa

pesg1:0
2
DP1=D _L ﬂ
1 sg1 2o, | 4

2
Pe1 =D — L ﬂ
el esg1 2p1 A1

31.2.4.2.3 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
PsfB =P2 ~Psg1 =P2 ~Pa=Pe2

31.2.4.3 Calculation of volume flow rate

The volume flow rate is given by the following equation:

dysgt =
9 Psgt
o _ Psqt
sgl — 5 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

148 © 1SO 2007 — All rights reserved



ISO 5801:2007(E)

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;

— fan static pressure, pgmp;

— fan efficiency, 7,5 or 775g-

31.3 Outlet chamber test ducts without antiswirl device

It is recommended to use the setups below only for fans without outlet swirling flow.

31.3.1 Mass flow rate determination
The mass flow rate is determined using multiple nozzles in chamber, see Clause 22 and Figure 43.

Dimensions in millimetres

Ja 20,40,
05/ 38 +6
38 16 N
PL1 PL2 PL4 PL6|||PL8

s
1 3

22 5d; 7

|

\uh

| Peg L Pes 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 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 the flowmeter;

— differential pressure, Ap;

— outlet temperature, Tg.

In the test enclosure, measure
— atmospheric pressure, p,, at the mean altitude of the fan;
— ambient temperature, T,, near 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).

31.3.3 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
pressure ratio is more than 1,02.

31.3.3.1 Calculation of mass flow rate
The mass flow rate is determined using multiple nozzles in chamber, see Clause 22 and Figure 43).

The outlet ducts for pressure and flow rate measurements are followed by a flow rate control device or an
auxiliary fan with a flow rate control device.

The temperature Ty in the chamber may be measured:

P6=Pes t Pa

@6: @Sg6: T6+273,15

Pe

The mass flow rate is given by the following equation:

2
n d2.
8
qm:gn2|:CjTJ] \2peAp
J=1

where

£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
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Cj is the discharge coefficient of the jth nozzle, and is dependent upon the nozzle throat Reynolds
number Reggj;

B=0and C=aj;
Cj =, 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:

_ e‘deSj,;ZpGAp X1O6

Re . =
48 = 471 1 0,0487,

with Cj=0,95.
It is recommended to use these setups only for fans without outlet swirling flow.

After a first estimation of the mass flow rate, the discharge coefficients, C;, are determined and corrected.

i
31.3.3.2 Calculation of fan pressure
31.3.3.2.1 Fan outlet pressure
Assuming that
D4 =Pe4 + Pa

F oor P

0594 = @ng = @SQG = TG + 273,15 = 0591 +
qmcp
The section 2.4 being the section of the outlet duct at the entrance to the chamber (4, 4 = 4, if there is no
outlet duct simulation), the Mach number at section 2.4, Ma, 4, and the ratio G,4/6, 4 are determined in
accordance with 14.4.3.1 and Figure 5.

Or4

Oy 4 = Oggq —=

9 @sg4

Pa
P24 =

RyO5 4
2 4 6

foa=1+ Mayy | Mazy | Mazy
IM2.4 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
equation:
2
1 qm
Psg2 = P4 +—(—] fM2.4
’ 2p24 \ A2.4

or

2
1 qm

pe32:pe4+—[ J Sm2.4
9 2pp4 \ A4
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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.

P2
P2 R, 0,
2
2
v 1 q
P2 =Psg2 — P2 %2 fM2= Psg2 — 20 [A—'ZJ fm2

or

2
_ 1 (4w
Pe2 = Pesg2 2p, [AZ] fm2

31.3.3.2.2 Fan inlet pressure

At the fan inlet

@sg1 =

0,=T,4+273,15
Psg1 = Pa

and p, may be determined in accordance with 14.5.2, Ma, and @, being calculated in accordance with
14.4.3.2.

2
1 [q
P1= Psgt — _1[_”’} Sm

2
_ 1 (4w
De1 = 2, [A1] S

31.3.3.2.3 Fan pressure
The fan pressure, pg, and the fan static pressure p s may be calculated by the following equations:
PiB = Psg2 ~ Psg1 = Psg2 — Pa=Psg2

PstB =P2 ~ Psg1 =P2 ~Pa=Pe2

_ P2t P
Pm —2
and
P
Pm

31.3.3.3 Calculation of volume flow rate

The volume flow rate is calculated using the following equation:

_ 9m _ dm
Qysgl = =
Psgt | 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 _P27"P1  Ym2 _ Vm1
mB = 2 2
Pm

2 2
_p2-p1 1[q_mj _1[q_m]
Prm 2 \ A2p2 2 A1p1
2 2
_ Pe2 = Pet Ym2 Ym1
Pm 2 2

The fan air power P g and the fan static power P g are given by the following equations:
Pus =98
Pus = W s

31.3.3.4.2 Calculation of fan air power and compressibility coefficient

In accordance with 14.8.2:
Pyg = dysg1 P8 kp

PusB = dysg1 PsfB kps

The compressibility coefficients &, and ks may be determined by two equivalent methods (see 14.8.2.1 and
14.8.2.2).

a) First method:

kys OF ky, = Zic1og10
ps P |Og1o|:1 +Zk (V—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 (1 + x) Z,
X1+ 7)

or

and
-1 A
K qysgl Psgi

Zy =

31.3.3.5 Calculation of efficiencies
In accordance with 14.8.1, the efficiencies are given by the following equations:
— fan efficiency:

PuB

B :Tr

— fan static efficiency:

PusB

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= @Sge= @a= Ta+273,15

P1=Po = pa = pg = pa =22
1 2 4 6 a Rw@a

S =Imz =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,

P17 Psg1 = P2 = Psg2 = Pa

2
1 qm
= 4+ — —
Psg2 = P4 2 1[A2

2

1 (g,

= 4+ — |
Pesg2 = Pe4 2p1 [AZJ

2
- T [am| _
P2 = Psg2 2p; [AZ] P4

2
1 [ 4m
Pe2 = Pesg2 = Pesa
Yol

31.3.4.2.2 Fan inlet pressure
Psg1 = Pa

Pesg1 = 0

2
_ 1 [4m
P1 = Psgt 2p1 [A1 J

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 = =
Psgl Da
RW@sg1

31.3.4.4 Calculation of fan air power

In accordance with 14.8.5.6:
Pug = 4ysg1 PrB
Pusg = dysg1 PstB
31.3.4.5 Calculation of fan efficiencies

Fan efficiencies are determined from P g or P qp.

31.3.5 Fan performance under test conditions

Under test conditions, the fan performances are the following:
— inlet volume flow, gyq1;

— fan pressure, pe;

— fan static pressure, pgmg;

— fan efficiency, 7,5 or 74g.

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 mass flow rate is determined by

— conical or bellmouth inlet, see Figure 44 a);

— in-duct orifice with D and D/2, see Figure 44 d);
— Pitot-static tube traverse, see Figure 44 e);

— Pitot-static tube traverse, see Figure 44 f).

0,7505 0,750 Dy Dy 23
B 1 D ]
PL7 PL5 PL3 PL1 PL2
| !
|.nA ! ) ":X’é:é‘ 3
St
) i ] AL Qﬁéé?ém! R IR
Ap 1 2 st Pes3

Key

1 flow straightener (cell type shown)
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
- 205 >i< D5 >
PL3 PL1 PL2
! |
é
- _& 1 =
N |
U’ Pes
2 3 4
Key
1 transition section
2 auxiliary fan
3 transition section, 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

» 1:205 S 24,103 L D3 L D3 L 203 .
PL7 PL3 PL1 PL2
| !
| ) i
I R ) o &
=13 -~ 9 o ﬁ>
y
\S Pes f
Ap 1 ° 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)

158 © 1SO 2007 — All rights reserved



Key

a b WN =

Key

A WON -

ISO 5801:2007(E)

D3 Dy | Ds 203 C
=< = = > >
PL3 PLA1 PL2
!
. ‘l x’@! la re
t;: ?@S R
\at Pes f
3 4 5
inlet throttling device
in-duct fixed orifice
transition piece
flow straightener (cell type shown)
test fan (tube-axial type shown)
d) Flow rate determination using an in-duct orifice with D and 0,5D wall taps
= 205 |t 2505 >i< Ds = 205 >i
PL3 PL1 PL2
I\ﬁ < : R =
[ © 5 3 X X
}/ &R g o8 |
1 3 4
Pes Ap
inlet throttling device
flow straightener (star type shown)
Pitot-static tube traverse plane
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
/] \ ' ’
1 2 3 4
Pes Ap
Key
1 inlet throttling device
2  flow straightener (star type shown)
3  Pitot-static tube traverse plane
4  round to square 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 (continued)

32.2.2 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 10.3) and power input P of an auxiliary fan;
— flowmeter differential pressure, Ap;

— pressure, pe7 Of pg3, upstream of the flowmeter;

— inlet static pressure, pgs.

In the test enclosure, 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)].

Assuming that
Pe7=0
P7=DP3

@7: @Sg7: Ta+273,15

__P7
P7 R, O;
The mass flow rate is given by the following equation:

dg
Im = GET == 2p7Ap

where

a is the flow rate coefficient function of the Reynolds number Re 5 estimated by the following equation,
in which the value of «is a mean value:

acds\2p7p o6

“5 = 17,170,0487,
¢ is the expansibility coefficient.

a, ¢ or the compound coefficient, as, are determined in accordance with 23.4, 24.8.2 and Figures 19, 22, and
23 after estimation of Re .

32.2.3.1.2 The mass flow rate is determined using an in-duct orifice with taps at D and D/2 [see 24.7, and
Figure 44 d)]

Assuming that
P7=Pe7 T Pa
Oygr = O3 =T, + 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

17,1 + 0,048T,

ReD7 =

a is the flow rate coefficient varying with:

d
p=—
D7

07, p7 and g,, being unknown, ¢,, is determined by an iterative procedure taking @7 = 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 25 and
Figures 44 e) and f)]

Assuming that

P3=DPe3 T Pa

when the pressure p3 is measured by the Pitot-static tube:

1 n
Pe3 :; ZPij
j=1

Osgs =Ty +273,15

2
1 n
Apm = {— > Ap?‘s}

=1

-1
P3 K
O3 =0Ogp3 | ———
59 (P3 +Apm}
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;)

a 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 corrected for the value of Re;; (see 25.6).

32.2.3.2 Determination of fan pressure
32.2.3.2.1 Fan inlet pressure
The two following cases should be considered:
— there is no auxiliary fan between planes 5 and 3;
— there is an auxiliary fan between planes 5 and 3.
a) There is no auxiliary fan between planes 5 and 3.
P3=Pe3tPa
Osg3 =Osgs = Osg7 = On = Ogg1 = T, + 273,15

The Mach number Maz and the ratio Maz/Magy3 are calculated in accordance with 14.4.3.1.

Ma3
O3 = @sgS M
dsg3
_ P3
P3 RyOs3

The inlet stagnation pressure Psgt is given by the following equation (see 14.6.1):
1 2
Psg1 =P3 + 5 P3Vm3/ M3 [1 + (&51)3 J

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;

Juz is the Mach factor determined in accordance with 14.5.1;

Pe3 is always negative.

1 (g, ?
Pesgt = Pe3 + 205 [A_:s] f|\/|3[1 + (&5-1)s ]

b) There is an auxiliary fan between planes 5 and 3 [see Figure 45 b)].
In this case, ({3 _ 4)3 < 0 is determined by test and is not defined by this International Standard.

If the impeller power of the auxiliary fan, P, or the motor input power of the auxiliary fan, P, (in the case of
an immersed motor), may be determined, then:

B or Py, N B or Py,

@sgS = @sg7 + =0,

gC gC :@sg1
m=p m=p

In other cases, the temperature, T3, should be measured and the quantity T3+ 273,15 assumed to be a
stagnation temperature.

The static temperature, @3, is determined in accordance with 14.4.3.1 and the stagnation pressure, Psgi»
calculated in the same way as in the first case.

The pressure p, is determined after the calculation of the Mach number Ma; and of the ratio ©;/6,4, in
accordance with 14.4.3.2.

The density, py4, is calculated in accordance with 14.4.4 and the static pressure, p4, is given by the following
equation (see 14.5.2):

2
1 2 1 (¢
P1= Psgt — 5 P1Vm1 fmM1 = Psg1 — —[—m] VY

2 2p4\ 44
or
2
1 5 1 qm]
Pe1=Pes1——P1Vm1fM1:Pes1——[— Smi
72 T 2p0 4

32.2.3.2.2 Fan outlet pressure

The static pressure at fan outlet, p,, is equal to the atmospheric pressure, p,.
P2 ="Pg

The stagnation temperature at fan outlet 6592 is given by the following relation:

P.or P,

Osgp = Cg3 +
9 9 e
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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):

2 2
1 m 1 (g,
= 4+ — |2 = + — | Im
Psg2 = P2 207 [Azj fM2 = Pa 2p2[A2 Sm2

2
_ 1 [4m
Pesg2 205 [AZJ Sm2

32.2.3.2.3 Fan pressure

The fan pressure, p;c, is given by the following equation:

2 2
1 dm 1 Am
= - =pg+ — |2 - | 1+
Pfc = Psg2 ~ Psg1= Pa 20% [AJ fm2—1Pr3 23 [A3 fma[ (53—1)3]

2 2
1 m 1 m
=%(2—2] Smz- Pe3+£[i—3j f|v|3[1+(§3—1)3]

The fan static pressure, p¢sc, is given by the following equation:

2
Psfc = P2~ Psgt = Pa —1P3+ 2%)3[2—2] fM3[1 +(§371)3]

2
=—1Pe3 +2L,03[?TZ] fM3[1 + (5371)3]

_P1t+ P2
m 2
k=21
Pm

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

W _P2 7 P1 Ym2 _ 'mi

mC = 2 2
Pm

2 2
_ P2~ P +1[ I ] _1[61,”)
Pm 2 A2p2 2 A1p

2 2
_ Pe2 — Pet +1[ dm j _ 1 dm ]
Pm 2 Azp2 2\ A1p

2 2
woo-P2=pP1_¥m1_ P2=pP1 _ 1| dn
msC — 2 - 21 4
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, W
Pusc = 9m Wasc

32.2.3.4.2 Calculation of fan air power and compressibility coefficients

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) First method:

Zklog10 r
kys OF k, =
ps P |Og10|: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

for kps.

b) Second method:
In (1+x) Z,
X In (1 + Zp)

kps OF kp =

where

x=r-1=2C for ko

Psgt
or
x=2L5C for kps
Psgi
and
x -1 A
Zy =

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:

— fan efficiency:

PuC

5

mc =
— fan static efficiency:

PusC
B

Nsrc =
— fan shaft efficiency:

PuC

Py

Mac =
— fan static shaft efficiency:

PusC
NsaC = P,
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32.2.4 Simplified method

The reference Mach number, Ma,, 4, is less than 0,15 and the pressure ratio less than 1,02
O, = 9591 =0,= 0592 =03= 0593

The temperature in the test duct may be measured and
1=z =z =1
kp =1

The air flow through the fan and the test airway may be considered as incompressible, except with an auxiliary
fan.

32.2.4.1 Calculation of mass flow rate

The mass flow rate is determined in accordance with section 32.2.3.1 with g, = p,.

32.2.4.2 Determination of fan pressure

32.2.4.2.1 Fan inlet pressure
Assuming that, without an auxiliary fan,
Oy = Ogg1 = Oy = Ogp = O3 = Ogg3 =T, + 273,15
O3=T,+273,15
When there is an auxiliary fan between planes 7 and 3, the temperature 75 in the test duct may be measured:
Oy = Osg1 = Oy = Oggp = O3 = Ogg3 = T3+ 273,15
P3=Pe3 1 Pa

In accordance with 14.8.5
1 2
Psgt = P3+ 5 P3vm3 [1 + (53—1)3 J

2
1 (4w
=3 +£[i—3] [1 + (53—1)3]

2
1 [ 4m
= +— == |1+
Pesgl = Pe3 23 [AJ [ (5371)3 J
where pg3 and (&3 _ 1)3 < 0 [see 33.2.3.2.1 b)]

pa = Py __ P3
RW@3 Rw@gS
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The pressure, p4, is given by the following equation:

2 2 2
pP1=p 1__1 q_m [ﬁj =p 1__1 [ﬂ]
¥ 2pg (43) 4 9 2p5 | 4
2
_ 1 [ 4m
Pe1 = Pesgl — E A_1

32.2.4.2.2 Fan outlet pressure
At the fan outlet

P2 =Pa

Pe2=0

and the stagnation pressure Psg2 is given by

2
1 2 1 (¢
Psg2 = Pa t 5 P3Vm2 = Pa t (—m]

2p3 (42
2
p = _1 ﬂ
0592 2p3 \ 4z

32.2.4.2.3 Fan pressure

The fan pressure, psc, and the fan static pressure, pgc, are given by the following equations:

2 2
1 [ dm 1 [ 9m

c = - =p,+— | ] - — ] 14

PfC = Psg2 — Psgl = Pa 23 [Azj P3 23 [A3 [ (53—1)3]

; 2 ] 2
ZE(%] —1Pe3 +£[Z—ZJ [1+(§3—1)3]

PsfC = P2~ Psg1= Pa — Psg1= ~ Pesgt

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 conditions, the fan performances are the following:
— fan pressure, psc

— fan static pressure, pgic

— inlet volume flow rate, Tysg1

— fan efficiency, 7,¢

— fan static efficiency, 7,
32.3 Inlet-side test chambers

32.3.1 Mass flow rate determination

The mass flow rate is determined by
— Pitot-static tube traverse, see Clause 25 and Figure 45 a);

— multiple nozzles in chamber, see Clause 22 and Figure 45 b).

32.3.2 Measurements to be taken during tests (see Clause 20)

Measure:
— rotational speed, N, or rotational frequency, #;

— ?ower input, P,, P, or P,, and estimate impeller power (see 10.4) and the power input, P, of an auxiliary
an;

— flowmeter differential pressure, Ap;
— pressure, pe7 Of pgs, upstream of the flowmeter;
— chamber stagnation or static pressure, pg3 OF pgggs;

— 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

21005 20,30, 20,504
+0,250¢
8505 0
- = PL3 PL1 PL2
- 505 |
| 6
I 20,303 /
I b= RS g
L 1 1B 1) } L =
! |y
I £
1 2 3 47 pes Ap 5 Y/
Q
‘;. L Pes
Key
1 auxilliary fan 4  Pitot-static tube traverse
2  transition section 5 flow-settling means
3  flow straightener (cell type shown) 6 test fan (tube-axial type shown)
a) Flow rate determination using Pitot-static tube traverse
20,303 20,50, 20,504
38 16 |
38 6 20,303
PL7|||PL5 PL3 PLA1 PL2
©
| | 4
1 2 | Y |
/ / | [} 2,5d
=X E—— s 5% i
| | N
| | Y
I I |
=
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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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.

32.3.

3.1 Determination of mass flow rate

3.1.1 The mass flow rate is determined using a Pitot-static tube traverse [see Clause 25 and
Figure 45 a)].

Assuming that

The location of the measuring points, j, is given in 25.4 and Figure 25.

The mass flow rate is given by the following equation (see 25.5):

1 n
Pes Zg E,Pes_j
—

P5 = DPest Pa

Osgs =13 +273,15 =0, +
qm cp

n

2
1 n
Apm = (— E Ap?’sl

j=1
x
Ps K
ov-a 25
9 s+ Appy
Ps
Ps5 R, 05

D§
I = aem == \2P50Pm

where

By OF Poy

is the expansibility coefficient in accordance with 25.5;

a s the correction factor or flow coefficient (see 25.6), depending upon the Reynolds number, Reps:

49,
g (17,1+ 0,04875)

R€D5 =

a varies between

0,990 + 0,002 for Reyys = 3 x 106

and

0,990 — 0,004 for Reps = 3 x 10*

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

P7
PT =
Rw@7
de -
ﬂ:izo
D7

The mass flow rate is given by the following equation:

2
n dé
qp =&T Z [Cj TJ} \/2p7Ap

J=1

where
£ is the expansibility coefficient in accordance with 22.4.3 and Table 5;
G is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds

number, Re s;;
B=0and C=aq;
C;=o; is calculated in accordance with 22.4 and Table 4;
n is the number of nozzles.
For each nozzle, the throat Reynolds number, Re s, is estimated by the following equation:

Re . =
4577 171+ 0,048 T,

with C;=0,95.
After a 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 that

vz =1

P3=Pe3t Pa

@Sg»] = @3 = 9393 = T3 + 273,15
__P3

P3 —Rw93

The inlet stagnation pressure, Psg3s is given by the following equation:

2
1 2 1 Am
= + — v = |
Psg3 = P3 2 P3Vm3 = P3 203 {A3

2

1 qm

= 4+ | 2
Pesg3 = Pe3 2p3 (ASJ

b) The chamber pressure is an absolute stagnation pressure, Pesg3

Under these conditions:
Psg3 =Pesg3 T Pa
@3 = 8593 = @Sg»] = T3 + 273,15

there is no friction-loss allowance for the inlet simulation duct of length D4 or 2D, and
Psg1 = Psg3

Pesg1 = Pesg3

When an inlet simulation duct longer than D4 or 2D, is required, friction-loss allowances may be taken into
account.

At the inlet of the duct, downstream of the inlet bell mouth, index 3.1,

Psg3.1 = Psg3

The stagnation pressure at fan inlet section 1 is given by the following equations:

P31
P31~ Psg3
P

sg3
Psg1 = Psg3 T 5

2
1 qm
= t— | im ~
Pesgl = Pesg3 23 {AJ fM3.1(§3 1)1
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where

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%

The static pressure, p4, is determined by the following equation:

2
_ 1 (4m
P1 = Psgl 2 [ i S

or

2
_ 1 [4m
Pe1 = Pesgt 24 [A1J S

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

P2 =Dy

B or P
0592 = @sg1 +
The Mach number, Ma,, and the density, p,, are determined in accordance with 14.4.3.1 and Figure 5.

P2 _ Pa
RWQZ RWQZ

P2 =

2 2
1 (4m 1 [ 4m
Psg2 = P2 20y [Azj Sm2=Pa 27 [Az Sm2

or
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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
q
PFC = Psg2~ Psgi = Pa * 5—— [ij S M2~ Psgt
P2

Az
2
_ 1 [4m
= 257 [Az Sm2 Pesg1

PstC = P2 — Psgl = Pa ~ Psgl = Pesgt

_P1t P2
Pm 2
P1
k =—
P Pm

32.3.3.3 Determination of volume flow rate

The volume flow rate under inlet stagnation conditions is given by the following equation:

dysgt =
Psgl

Psgt
Rw®sg1

Psgl =

32.3.3.4 Determination of fan air power

32.3.3.4.1 Fan work per unit mass and fan air power

The fan work per unit mass, W,c, and the fan static work per unit mass, W, ., are given by the following
equations:

2 2
wo.— P27P1 Ym2 _Ym
mC —
Pm 2 2
2 2
:Pz—P1+1[ Im ] _1[61,”]
Pm 2 A2p2 2 A1p1
2 2
W _P27P1_Vmt _ P2=P1_ 1[61,11 ]
msC= "~ = >
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 =dm WmC

Pysc =am Wasc
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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) First method:

Zlo
kps OF ky = k09107
|Og1o |:1 + Zk (V— 1):|
where
r=1+ pi
Psgi
for kp or
= 1 + pSfC
Psgi
for kp and
7 = x-1 A
K qysgt1 PfC
for kp or
7y = x—1 B

K Qqysg1 PsfC

for kps.

b) Second method:

In(1+ x Z
kps OF kpy = (1+2) P
X In(1+ Zp)
where
o1 PrC
Psgi
or
Y= Psfc
Psgi
and
Al

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:

A usC

5

Nsrc =

— fan shaft efficiency:

PuC
Py

Nsc =

— fan shaft static efficiency:

PusC

Py

NsaCc =

32.3.4 Simplified method

The reference Mach number, Ma, 4, is less than 0,15 and the pressure ratio less than 1,02.
@3 = @sg3 = @1 = @sg1 = @2 = @ng = T3 + 273,15
The air flow through the fan may be considered as incompressible.

P3 =P1=pP2
kp:1

32.3.4.1 Determination of mass flow rate

The mass flow rate is determined in accordance with 32.3.3.1.
The temperature upstream of the flowmeter may be measured.
32.3.4.2 Determination of fan pressure

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 [4q
Pesg3 = Pe3 + 55— [_m]

where

py = L2 =p
3 Rw@3 sgl

— When the measured pressure is a stagnation pressure:

Psg3 = Pesg3 T Pa

In the two cases:

2
1 [4m
= + — _—
Psgl = Psg3 2/03[ (5371)1

or

2
T (4m
= 4+ — | — _
Pesgl = Pesg3 23 [A1 (53 1)1

where (&3 _ 4)1 < 0 is determined in accordance with 32.3.3.2.1, 28.6.4 and 28.6.5.

2
Pi=p _ 1
1 sg1 2,03 A4

32.3.4.2.2 Fan outlet pressure

At the fan outlet

P2 =P3

2

1 (4nm

= + — | —
Psg2 = P2 2p3 [Az

2
Pocr = 1 (qm
°%92 " 205 ( 4y

32.3.4.2.3 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
S 7' »
2p3 | 4y esgl

Psfc = P2 ~ Psg1 = ~ Pesgt
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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 powers are given by the following equations:
Puc = 4qysg1 Pic
Pusc = qysg1 Psfc

32.3.4.5 Determination of fan efficiencies

Fan efficiencies are determined in accordance with 14.8 and 32.3.3.5 from P and P q¢.

32.3.5 Fan performance under test conditions

Under the test conditions, the fan performances are the following:
— fan pressure, pyc;

— fan static pressure, pgic;

— inlet volume flow rate, g¢q1;

— fan efficiency, 7,c;

— fan static efficiency, 75.¢.

33 Standard methods with inlet- and outlet-side test ducts — Category D
installations

33.1 Types of fan setup

Generally, a test installation of category D is obtained from:
a) a category B test installation with an additional inlet-duct simulation in accordance with 28.3 and 28.5;

b) a category C test 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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30, D, | D, 30,

>l
L

A
Y
A
 J
A
\

A

D1 ZDA

A
Y

PL1 PL2 PL4

pe4

Key

1  test fan (axial)
2 flow straightener (star type shown)

a  See 29.3.
b See29.3.1.
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

A
Y

30, Dy 850, 0

Y

A
 J
A
\

A

A
 J
A

Pea
1 2
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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>l
Bt =

A
A
A
A
A
\
A

3 204

A
 J

PL2 PL4

$0,

pe4
4
Key
1 transition duct round to rectangular
2 test fan shown with integral inlet box
3 transition duct 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

3D,
B 20, L J N
05/
PL2 PL4
N%\ |
Sy I I
|
Pea
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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3D,
PL3 - Dy N - 20, .
| i 201
| PL2
| -
| $
| - Q| ——=>
I =  J
I
LJ pesg3

Key

1  transition duct round to rectangular
2 test fan shown with integral inlet box
3 transition duct rectangular to round

NOTE Flow rate measurement and control in accordance with 32.3.3.1.1, 32.3.3.1.2, 32.3.3.1.3 and 32.3.3.1.4 and
Figure 45 a) and b) (only for fans without outlet swirling flow).

e) Category C (inlet-side test duct) with outlet-duct simulation and without antiswirl device

» 205 3203
= >l
PL3 PL1 PL2
!
| |
m L T
—\=——3 — =3
| -
1
pe3 2 1
Key
1 test fan
2 duct transition
NOTE Flow rate measurement and control in accordance with 32.2.3.1.1 and Figure 44 b).

f) Category C (inlet-side test duct) with outlet-duct simulation and without antiswirl device (may be
used for large fans only by mutual agreement between the parties concerned)

Figure 46 (continued)
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20, 5503

|
=

ZD3 o 203

A
A J
A
_\
A
\
A

PL3 PL1 PL2

1 2 3 4
Pe3 Ap
Key
1 inlet throttling device
2 flow straightener (star type shown)
3  Pitot-static tube traverse plane
4  test fan (vane-axial type shown)

NOTE Flow rate measurement and control in accordance with 32.2 and Figure 44 f).

g) Category C (inlet-side test duct) with outlet-duct simulation and without antiswirl device (may be
used for large fans only by mutual agreement between the parties concerned)

Figure 46 (continued)

Installations 1 and 3 are recommended.

Installations 2 and 4 are accepted, but the results obtained in this way may differ to some extent from those
obtained using common airways on both the inlet and the outlet sides.

The methods of flow rate measurements described in Clauses 22 to 25 and 31.2.3.1, 31.3.3.1, 32.2.3.1 and
32.3.3.1 may be used.

The procedures comprising measurements to be taken and quantities to be calculated, allowing the
determination of fan performance in D category installations, are given in 31.2.3.1, 33.3.3.1, 33.4.3.1 and
33.5.3.1.

It is generally valid for all fans conforming to this International Standard.

33.2 Installation category B with outlet antiswirl device and with an additional inlet duct or
inlet-duct simulation

33.2.1 Determination of mass flow rate

The mass flow rate is determined using:

— outlet orifice with wall tappings, see Figures 42 a) and 46 a);

— in-duct orifice with taps at D and D/2, see Figures 42 b) and 46 a);
— Pitot-static tube traverse, see Figures 42 c) and 46 a);

— multiple nozzles in chamber, see Figures 42 d) and 46 a) or b).
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33.2.2 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);
— inlet pressure, pgs;

— outlet pressure, pey;

— pressure, pg, Upstream of flowmeter;

— differential pressure, Ap;

— chamber temperature, Tg.

In the test enclosure, measure:

— atmospheric pressure, p,, at the mean altitude of the fan;

— ambient temperature, T, (near 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).

33.2.3 General procedure for compressible fluid flow

This procedure should be applied when both the reference Mach number, Ma,, 4, is more than 0,15 and the
pressure ratio more than 1,02.

33.2.3.1 Calculation of mass flow rate

33.2.3.1.1 The mass flow rate is determined using:

— outlet orifice with wall tappings, see 24.8 and Figure 42 a);

— in-duct orifice with taps at D and D/2, see 24.7 and Figure 42 b).
The procedure described in 31.2.3.1.1 is followed.

33.2.3.1.2 The mass flow rate is determined using a Pitot-static tube traverse, see Clause 25 and
Figure 42 c).

The procedure described in 31.2.3.1.2 is followed.

33.2.3.1.3 The mass flow rate is determined using multiple nozzles in the chamber, see Clause 22 and
Figure 42 d).

The procedure described in 31.2.3.1.1 is followed.
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33.2.3.2 Determination of fan pressure

33.2.3.2.1 Fan outlet pressure
Assuming that (see 31.2.3.2.1)
P4 =Pe4 t Pay

P or P
Osgs = Osgo = Bsgy + _—
dm¢p

The Mach number, May, and the ratio, May/Magy,, are determined in accordance with 14.4.3.1.

Ma4
Oy = @sg4 M.
dsga
_ P4
P4 R, Oy

Ma‘% Maf;' N Magr3

+ (see 14.5.1)
4 40 1600

Sma=1+

The stagnation pressure at fan outlet, Psg2s is given by the following equation:

2
Psg2 = P4+t p4;m4 a4 [1 + (62-4)4 ]

2
=Py +i {Z—Z] Sma [1 + (52—4)4]

or

2
Pesg2 = Pe4+%4 [Z—Z] Sma [1 + (52—4)4 J

(&5 _ 4)4 being calculated in accordance with 28.6.1 or 28.6.2 and Figure 35.
The pressure, p,, is given by the following equation:

2
Vm2
D2 =Psgz—P2—2 Sm2

2
_ 1 (4w
Psg2 20y [Azj Sm2

or

2
1 [q
Pe2 = Pesg2 ~ E [_m] Sm2

where Mas,, p,, fy12 are determined in accordance with 14.4.3.2 and 14.5.

186 © 1SO 2007 — All rights reserved



ISO 5801:2007(E)

33.2.3.2.2 Fan inlet pressure
a) Inlet duct in accordance with 28.3 (see 32.2.3.2.1).

The inlet pressure, po3, is measured.

P3=Pa T Pe3

Ouga = Oug1= O = Ty + 273,15

The Mach number, Mas, and the fluid temperature, @3, are determined in accordance with 14.4.3.1.

P3

P RW@3

2
Psgt = P3 + i[i—’;’j fM3[1 +(§3—1)3J

or

2
1 (¢
Pesgl = Pe3 + 203 [A_Zj fM3[1 + (53—1)3]
(¢3 _ 1)3 < 0 being determined in accordance with 28.6.4, 28.6.5 and Figure 35 a) and b).

b) Inlet-duct simulation in accordance with 28.5 or 28.3.
The inlet pressure, p,3, is Nnot measured.

The stagnation pressure upstream of the duct inlet is the atmospheric pressure, p,, and the fan stagnation
inlet temperature, 6,44, is equal to the ambient temperature:

Oyt = Oy = Ty+ 27315

The fan stagnation inlet pressure, Psgts is given by the following equation:

2
Psgt = Pa+t ! [q—mj flv|3(§3—1)3

2p3 \ 43
or
2
q
Pesgt = [A—";] fus(€3-1)3
where

P3 is the air density at the duct inlet downstream of the bell mouth, determined in accordance
with 14.4.4 after the determination of Ma5 in accordance with 14.4.3.2;

(3 _4)3 < 0 is the conventional friction-loss coefficient between section 3 (throat section of the inlet bell
mouth) and section 1 at the fan inlet, determined in accordance with 28.6.4 and 28.6.5:

L is the length of the duct (see 28.3 and 28.5);
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D5 is the duct diameter;
A depends upon the Reynolds number, Reps.

The pressure, p,4, is determined in accordance with 14.5.2:

2
_ T (4m
P1 = DPsgt 2p; [A1J Sm

or

2
_ T (4m
Pe1 = Pesgt 2p; [A1] Smi

where Ma,, p; and f;4 are determined in accordance with 14.4.3.2, 14.4.4 and 14.5.2.

33.2.3.2.3 Fan pressure
The fan pressure, p;p, and the fan static pressure, pgp, are determined using the following equations:
PfD = Psg2 ~ Psg1 = Pesg2 ~ Pesg1

PstD =P2 ~ Psg1 =Pe2 ~ Pesgt

The mean density is equal to:

_P1t P2

Pm —2
b, = L1
Pm

33.2.3.3 Determination of volume flow rate

The volume flow rate is given by the following equation:

Qysgl =
Psgl
where
Dot = Psgi
sgl —
Rw®sg1

33.2.3.4 Calculation of fan air power

The fan work per unit mass and the fan air power are determined in accordance with 14.8.1 and 14.8.2.

33.2.3.5 Determination of fan efficiencies

The procedure described in 31.2.3.5 is followed.
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33.2.4 Simplified method

The Mach number, Ma,,, is less than 0,15 and the pressure ratio less than 1,02.

At a section of the test ducts, the stagnation and static temperatures may be considered as equal:

@sgx= o8
1 =Sz =1

e — e — _ _ _, __Pa
P1= P2 = P3 = Psg1 = Psg2 = Psg3 = Pa = Ry, O,

@1 = @Sg»] = @ng = @2 = @sg3 = @3 = Ta + 273,15
and the procedure based upon the assumption of incompressible air flow through the test airway is applied.

33.2.4.1 Determination of mass flow rate

The mass flow rate is determined by the procedure described in 31.2.3.1 and 31.2.4.2.1 with p, = pgs41.
However, the Reynolds number effect on the flow rate coefficient, ¢, should be taken in account.

33.2.4.2 Determination of fan pressure

33.2.4.2.1 Fan outlet pressure

The stagnation pressure, Psg2s is given by the following equation (see 31.2.4.2.1):

2
Psg2 = P4 +2Lp1 [%] [1+(§274)4J

where (£,_4), is determined in accordance with 28.6.1 and 28.6.2 and Figure 35 a) and b).
1 2
9m
= + — 1+
Pesgz = Pes * 5o [AJ [ (5274)4]

2

Po=p Z_L [ﬂj
9% 2ps (4,

2
_ T (4m
Pe2 = Pesg2™ 5| —,

2p1 \ 42

33.2.4.2.2 Fan inlet pressure (see 32.2.4.2.1)

2
_ 1[4 i
Psgl = P3 +2—p1 [A_Zj [1 + (53_1)3 ] (pes being measured)
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or, if pg3 is not measured
1 2
Im
= + — | ==
Psgt = Pa 2 [Asj (53—1)3

2
1 g
Pesgi =5, [A—'Zj (£3-1)3
where (&5 _ 4)3 < 0 is determined in accordance with 28.6.4 and 28.6.5, 33.2.3.2.1 or 33.2.3.2.2.

The pressure, p,, is given by the following equation:

2
pr=p LN
1 sg1 2,01 A4
33.2.4.2.3 Fan pressure

The fan pressure, psp, and the fan static pressure, pyp, are given by the following equations:

PfD = Psg2 ~ Psg1 = Pesg2 ~ Pesg1
PstD = P2 ~ Psg1 = Pe2 ~ Pesgt
33.2.4.3 Determination of volume flow rate

The volume flow rate is given by

Qysgl =
Psgl

33.2.4.4 Determination of fan air power

The fan air power, P, and the fan static power, P are given by the following equations:

usD-
Pyp = Ppdysgt
Pusp = Psp4vsg1

33.2.4.5 Determination of fan efficiencies

Fan efficiencies are determined by the following equations:

PuD
D = Pr
PusD
NstD =
Pr

33.3 Installation category B without outlet antiswirl device nor common segment, modified
with addition of an inlet duct or inlet-duct simulation

This setup may be used for fans with low outlet swirling flow.
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33.3.1 Flow rate determination

The flow rate is determined using multiple nozzles in the chamber, see Clause 22 and Figures 43 and 45 b).

33.3.2 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);
— outlet pressure, pg4;

— pressure, pgg, Upstream of the flowmeter;

— differential pressure, Ap;

— chamber temperature, Tg.

In the test enclosure, measure
— atmospheric pressure, p,, at the mean altitude of the fan;
— ambient temperature, T, near the fan inlet;

— dry and wet bulb temperatures, T4 and 7,,.
Determine the ambient air density, p,, and gas constant of humid air, R, (see Clause 12).

33.3.3 General procedure for compressible fluid

This procedure should be applied when both the reference Mach number, Ma, 4, is more than 0,15 and the
pressure ratio more than 1,02.

33.3.3.1 Determination of mass flow rate

The mass flow rate is determined using multiple nozzles in the chamber, see Clause 22 and Figure 43.
The procedure described in 31.3.3.1.1 is followed.

33.3.3.2 Calculation of fan pressure

33.3.3.2.1 Fan outlet pressure

The procedure described in 31.3.3.2.1 is followed but (& _ 4)4 = 0 and section 4, 4 is the area of the test duct
at the discharge in the chamber.

33.3.3.2.2 Fan inlet pressure

The procedure described in 33.2.3.2.2 is applied.

33.3.3.2.3 Fan pressure

The fan pressure, psp, and the fan static pressure, pgp, are determined as in 33.2.3.2.3.
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33.3.3.3 Determination of volume flow rate

The volume flow rate is given by

Qysgl =
Psgl

33.3.3.4 Calculation of fan air power

The fan work per unit mass and the fan air power are determined in accordance with 14.8.1, 14.8.2.1 and
14.8.2.2 and as in 31.2.3.4.

33.3.3.5 Calculation of fan efficiencies

The procedure described in 31.2.3.5 is followed.

33.3.4 Simplified method

This method is applicable to cases where the reference Mach number, Ma,,, is less than 0,15 and pressure
ratio less than 1,02.

At a section of the test duct, the stagnation and static temperatures are considered as equal:

O, = 06

x sgx

Pa
RO,

P1= Psgl = P2 = Psg2 = P3 = P4 =P6 =

=z =1

The temperature in the test duct may be measured and the air flow through the test airway is considered as
incompressible.

33.3.4.1 Determination of mass flow rate

The mass flow rate is determined in accordance with the procedure described in 31.3.3.1.1 with pg = p,.
However, the Reynolds number effect on the flow rate coefficient a should be taken into account.

33.3.4.2 Determination of fan pressure

33.3.4.2.1 Fan outlet pressure

The stagnation pressure, Psg2: and the pressure, p,, are determined in accordance with the procedure used in
33.3.2.4.2.1, where (&, _ 4)4 =0 and 4, 4 is the area of the test duct at discharge into the chamber.

33.3.4.2.2 Fan inlet pressure

The stagnation pressure, pg4, and the pressure, p4, are determined in accordance with the procedure used in
33.2.4.2.2.

33.3.4.2.3 Fan pressure

The fan pressure, p;p, and the fan static pressure, p¢p, are determined as in 33.2.4.2.3.
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33.3.4.3 Determination of volume flow rate

The volume flow rate is given by the following equation:

dysgt = —
Psgl

33.3.4.4 Determination of fan air power
The procedure described in 33.2.4.2.1 is followed.

33.3.4.5 Determination of fan efficiencies

Fan efficiencies are determined as in 33.2.4.5.

33.4 Installation category C with common inlet duct, modified with the addition of an outlet

common segment with antiswirl device

33.4.1 Mass flow rate determination

The mass flow rate is determined using

— conical or bellmouth inlet, see Figure 44 a);

— inlet orifice with wall taps, see Figures 44 b) and 46 c);

— inlet orifice with wall taps, see Figures 44 c) and 46 c);

— in-duct orifice with taps at D and D/2, see Figures 44 d) and 46 c);

— Pitot-static tube traverse, see Figures 44 e) and 46 c).

33.4.2 Measurements to be taken during tests, (see Clause 20)
Measure:

— rotational speed, N, or rotational frequency, #;

— power input, P,, Py, P, and estimate impeller power (see 10.4);
— flowmeter differential pressure, Ap;

— flowmeter upstream pressure, pg7 Of pgs;

— inlet static pressure, pg3-

— outlet static pressure, pgy

In the test enclosure, measure:

— atmospheric pressure, p,, at the mean fan altitude;

— ambient temperature near duct inlet, T ,;

— dry and wet bulb temperatures, T4 and T,,.

Determine the ambient air density, p,, and the gas constant of humid air, R,, (see Clause 12).
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33.4.3 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 more than 1,02.

33.4.3.1 Calculation of mass flow rate

33.4.3.1.1 The flow rate is determined using:

— conical or bellmouth inlet, see Clause 23 and Figure 44 a);
— inlet orifice with wall taps, see 24.2.1 and Figure 44 c).
The procedure described in 32.2.3.1.1 is applied.

33.4.3.1.2 The flow rate is determined using an in-duct orifice with taps at D and D/2, see 24.7, 24.8 and
Figure 44 d).

The procedure described in 32.2.3.1.2 is applied.
33.4.3.1.3 The flow rate is determined using a Pitot-static tube traverse, see Clause 25 and Figure 44 e) and f).

The procedure described in 32.2.3.1.3 is applied.
33.4.3.2 Determination of fan pressure

33.4.3.2.1 Fan inlet pressure

The stagnation pressure, Psgts and the pressure, p,, are determined in accordance with the procedure
described in 31.2.3.2.1.

33.4.3.2.2 Fan outlet pressure

The stagnation pressure, pgy,, and the pressure, p,, are determined in accordance with the following
procedure (see 30.2.3.2.1).

Assuming that
Pa=Pe4 t Pa

F or Py

@sg4 = 0592 :@sg1 +
9mCp

The Mach number at section 4 and the temperature, 6,, are determined in accordance with 14.4.3.1.

Ma
@4 = @sg4 4
Ma gg4
P4
Pa = R ooy
2 4 6
Ma4 Ma4 Ma4
=1+ + + see 14.51
Tma 4 40 1600 ' )

The conventional friction-loss coefficient between sections 2 and 4, (&, _4),4. is calculated in accordance with
28.6 and Figure 35.
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The stagnation pressure, Psg2s is given by the following equation:

2
Ps92:P4+P4va4fM4 [1 + (@—4)4}

or

2
Pesg2 = Pe4 + i (i—jj Sma [1 +(§274)4 ]

The pressure, p,, and the density, p,, are calculated in accordance with 14.5.2, Ma, being determined in
accordance with 14.4.3.2:

2
_ 1 (4w
P2 = Psg2 2p, [AZJ Sm2

or

2
1 (¢
Pe2 = Pesg2 _E [_mj Sm2
33.4.3.2.3 Fan pressure
The fan pressure, psp, and the fan static pressure, pyp, are given by the following equations:

PiD = Psg2 ~— Psgl = Pesg2 ~ Pesgl
PsD = P2 ~— Psgl = Pe2 ~ Pesgl

_P1 Tt P2
Pm 2
b, =20

Pm

33.4.3.3 Calculation of volume flow rate

The volume flow rate is given by the following equation:

q
dysgt = ps”g;
P _ Psgt

sd" RW@sg1

33.4.3.4 Calculation of fan air power

The fan work per unit mass and the fan air powers are calculated in accordance with 32.2.3.4.
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33.4.3.5 Calculation of fan efficiencies

The fan efficiencies are determined in accordance with 32.2.3.5.

33.4.4 Simplified method

The reference Mach number, Ma, 4, is less than 0,15 and the pressure ratio less than 1,02.

The air flow through the test airway may be considered as incompressible, except with an auxiliary fan
between planes 3 and 5 [see Figure 44 b)].

@3= 8593= @1 = 8591 = @2= @ng= T3+273,15

P1=P2=pP3
M =fmz=1
kp:1

33.4.4.1 Determination of mass flow rate

The mass flow rate is determined in accordance with 33.4.1 and the assumptions of 32.2.4.1.
33.4.4.2 Determination of fan pressure

33.4.4.21 Fan inlet pressure

The stagnation pressure, Psgt» and the pressure, p,, are determined by the following procedure (see
32.2.4.2.1).

Assuming that

P3=Pe3tPa
P33
P 2o

2
Psg1 =p3+L [q_m] [1 + (5371)3] (see 31.2.3.2.1)

2p1 \ 43
] 2
q
Pesgl = Pe3 + 5 [A—'Zj [1 +(&31)3 J
2
p1=p 1_L [‘Lﬂj
9 2p0 | 4
2
_ 1 [ 4m
Pe1 = Pesgt _a A_1

33.4.4.2.2 Fan outlet pressure

The stagnation pressure, Psg2s and the pressure, p,, are determined by the following equations (see
31.2.4.2.2):
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Assuming that

P4 =DPe4 T Pgq

2
Psg2 = P4 +L[%] [1+(§274)4}

2p4

or

P1\ Ay
2
P2 = Dsgp _L[MJ
9 2p\ 4,
2
_ 1 [dm
Pe2 = Pesg2 — g R
1 2

33.4.4.2.3 Fan pressure

The fan pressure, psp, and the fan static pressure, pp, are given by the following equations:

PtD = Psg2 ~ Psgl = Pesg2 ~ Pesgl
PsfD = P2 ~— Psgl = Pe2 ~ Pesgl

33.4.4.3 Determination of volume flow rate

The volume flow rate is given by

dysgl =
Psgi

33.4.4.4 Determination of fan air power
In accordance with 14.8.5.6

Pyp = 4qysg1 PiD

Pusp = qysg1 PsD
33.4.4.5 Determination of fan efficiencies

Fan efficiencies are determined in accordance with 14.8.1 and 14.8.2.

33.5 Installation category C, modified with the addition of an outlet-duct simulation without
antiswirl device

This setup may be used for fans without outlet swirling flow or for large fans.

In this case, by mutual agreement between the parties concerned, the fan performance may be measured
using this installation.
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Results obtained in this way may differ to some extent from those obtained using common segments on both
the inlet and outlet sides, especially if the flow produces a large swirl at the outlet.

33.5.1 Mass flow rate determination

The mass flow rate is determined using

— Pitot-static tube traverse upstream of the chamber, see Figures 45 a) and 46 e);
— multiple nozzles in chamber, see Figures 45 b) and 46 e);

— Pitot-static tube traverse, see Figures 44 f) and 46 g);

33.5.2 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);
— differential pressure, Ap;

— pressure, pg7 Of pes, upstream of flowmeter;

— chamber stagnation or static pressure, pg3 O peggs;

— chamber temperature, Ts;

— power input, P, of auxiliary fan (optional).

ex?’
In the test enclosure, measure

— atmospheric pressure, p,, at the mean fan altitude;
— ambient temperature near the fan inlet, 7;
— dry and wet bulb temperatures, T4 and 7,,.

Determine the ambient density, p,, and the gas constant of humid air, R, (see Clause 12).

33.5.3 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
pressure ratio more than 1,02.

33.5.3.1 Determination of mass flow rate

33.5.3.1.1 The mass flow rate is determined using a Pitot-static tube traverse, see Clause 25 and
Figures 46 e) and g), 44 f).

The procedure described in 32.3.3.1.2 is applied.

33.5.3.1.2 The mass flow rate is determined using multiple nozzles in the chamber, see Clause 22 and
Figures 46 e) and 45 b).

The procedure developed in 34.3.3.1.4 is applied.
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33.5.3.2 Determination of fan pressure
33.5.3.2.1 Fan inlet pressure
33.5.3.2.11 The inlet pressure, p,3, is measured in the inlet duct, see Figures 44 a) to d) and 46 f).

See 31.2.3.2.2.

a) There is no auxiliary fan between planes 5 and 3.

P3=Pe3 T Pa
8593 = 8397 = @a = 8391 = Ta + 273,15

The Mach number, Mag, and the ratio, Maz/Magys, are determined in accordance with 14.4.3.1.

Ma3
O3 = @sg3 M.
sg3
P3
P3 =7
Rw@3

The stagnation pressure, Psgts is given by the following equations (see 14.5):

2
Psgt = P3 +i[i—'g AVE [1 +(§371)3J

2
Pesgt = Pe3 +i [Z—ZJ AVE [1 +(§3 “1)3 ]

where

(&3 _ 4)3 < 0 is the conventional friction-loss coefficient between sections 1 and 3 calculated in accordance
with 28.6.4 and 28.6.5 [see 32.2.3.2.1 a)];

vz is the Mach factor (see 14.5.1).

b) There is an auxiliary fan between planes 5 and 3 [see 32.2.3.2.1 b)].

When the impeller power, P
fan, is measured:

or the electrical power, P, _, in the case of an immersed motor of the auxiliary

rx’ ex’

B, or Py
Osg3 = Osg7 +— = = O
qup

In the other cases, the temperature in the inlet duct is measured and assumed as a stagnation temperature
Ogq3- The temperature, O3, is determined in accordance with 14.4.3.1 and the stagnation pressure, pggy;,
calculated as in the first case.

The pressure, pq, is determined after calculation of the Mach number, Maq, and the ratio ©4/6gy4 in

accordance with 14.4.3.2 with 9591 = 9593.
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The density p, is calculated in accordance with 14.4.4 and the static pressure p4 is given by the following
equation:

2
_ T (4m
P1 = DPsgt 2p; [A1] S w1

or

33.5.3.21.2  The inlet pressure, pg3, is measured in the test chamber (see 32.3.3.2.1).
a) The pressure measured in the chamber is a gauge pressure, pgs.

Assuming that

fmz =1

P3=Pe3t Pa

@Sg»] = 8593 = @3 = T3 + 273,15
__P3

P3 —Rw93

The stagnation pressure at section 3, pgy3, is given by the following equation:
2

1 [49m

= 4+ — | —

Psg3 = P3 2p3 {A3

b) The pressure measured in the chamber is a gauge stagnation pressure, peggs-

Psg3 =Pesg3 T Pa

o,

There is no friction-loss allowance for the inlet-duct simulation of length D, or 2D, and
Psg1 = Psg3

Pesg1 = Pesg3

When an inlet-duct simulation longer than D, or 2D, is required, friction losses in this duct may be taken into
account.

The stagnation pressure, psg1, is given by the following equations:

2
1 [ 4m
= +
Psgt = Psg3 2p3_1[A1 f|v|3.1(§371)1
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or

2
qm

Pesgl = Pesg3 + [—j Imza(3-1)1

g g 2 A1 ( )

P3.1

where

p31  is the air density at the throat section of the bell mouth calculated in accordance with 14.4.3.2 and
14.4.4,

fuz.q4  is the Mach factor corresponding to the Mach number Mas 4;

(&3 _ 4)4is the conventional friction-loss coefficient calculated in accordance with 28.6.4 and 28.6.5

(5371)1 Z—ADL1<O

L is the length of the inlet-duct simulation of diameter D,.

The pressure p, is given by the following equation:

2
_ 1 (4m
P1 = Psgl 20 [ s Swi

where Ma,, p; and fy,4 are calculated in accordance with 14.4.3.2, 14.4.4 and 14.5.

2
_ 1 [4m
Pe1 = Pesgt 24 (A1j Swi

33.5.3.2.2 Fan outlet pressure
There is no friction-loss allowance for the outlet duct.
P2=Pa O P =0

F or Py

Osq0 = Os1 +
g2 sgl
qmcp

The stagnation pressure, Psg2s is given by the following equation:

2

1 [ 4w

= + — | —
Psg2 = P2 20y [Az Sm2

or

2
_ 1 | dm
Pesg2 20y [AZJ Sm2

where p, is the density at the fan outlet:

P2

2= RWQZ

Ma, and 6, are calculated in accordance with 14.4.3.1.
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33.5.3.2.3 Fan pressure

The pressure, pip, and the fan static pressure, pgp, are determined by the following equations:

Py = Psg2 ™ Psgt = Pesg2 ~ Pesgl

PsfD = P2~ Psgl =~ Pesgl

_ P11t p2
Pm 2
P1
k, = —
P Pm

33.5.3.3 Determination of volume flow rate

The volume flow rate is given by the following equation:

q
dysgl = =
Psgl
where
Pect = Psgi
sgl —
Rw @sg1

33.5.3.4 Determination of fan air power

The fan work per unit mass and the fan air power are determined in accordance with the procedure described
in 33.2.3.4.

33.5.3.5 Determination of fan efficiencies

The procedure described in 32.2.3.5 is followed.

33.5.4 Simplified method
The reference Mach number, Ma,, 4, is less than 0,15 and the pressure ratio less than 1,02.
At a section of the test duct, the stagnation and static temperatures are considered as equal:
Oy = Ogg1 = O3 = Og 3= Oy = Oggp = T3 + 273,15
=z =1
kp =1

and the procedure based on the assumption of incompressible air flow through the test airway is applied,
except with an auxiliary fan upstream of the fan tested.

33.5.4.1 Determination of mass flow rate

The mass flow rate is determined in accordance with 32.2.4.2.1 and 32.3.4.1.1.
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33.5.4.2 Determination of fan pressure

33.5.4.2.1 Fan inlet pressure

33.5.4.211 The inlet pressure, po3, is measured in the test duct (see 32.2.4.2.1).

P3=Pe3t Pa
@3 = @Sg3 = @Sg1 = T3 + 273,15

R 05 = P1= Psgl = Psg2

The stagnation pressure at the fan inlet is given by the following equations:

2
Psgt =P3+i[%J [1 +(§371)3]

or

2
Pesgl = Pe3 +i [Z—Zj [1 + (53—1)3]

where (&5 _ 4)3 < 0 is determined in accordance with 33.5.3.2.1.1.

The pressure, p,4, is given by the following equation:

2
P1=DP — L q_m
1 sgl 2/03 A4

or

2
Dot = Pesct — A an
el esg1 2,03 A1

ISO 5801:2007(E)

33.5.4.21.2  The inlet pressure, pg3 OF pggy3, is Measured in the test chamber (see 32.3.4.2.1).

P3=Pe3tPa
Oy = Ogq3 = Ogqq = Oy = T3+ 273,15
1 (g, 2
Psg3 =P3t E (A_s]
or
Psg3 = Pesg3 T Pa
P1= Psg1 = P3

2
1 Am
= + — | —
Psgl = Psg3 2,03{/11] (53—1)1

2
1 qm
= + —| —
Pesgl = Pesg3 2p3 [A1] (53—1)1
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2
P1=D — L ﬂ
T 2ps (4

2
Pe1 =D — L ﬂ
el esgi 2p3 A1

where (&3 _ 1)4 < 0 is the conventional friction-loss coefficient.

33.5.4.2.2 Fan outlet pressure

At the fan outlet

P2 =Pa O P =0

2

1 qm

= 4+ — | 2
Psg2 = P2 2py [AZ]

or

2
1 qm
= 4+ — =
Pesg2 = Pe2 2p, [AZ]
P3=P2=P1= Psg3

33.5.4.2.3 Fan pressure

The fan pressure, p;p, and the fan static pressure, pgp, are given by the following equations:

PiD = Psg2 — Psg1= Pesg2 ~ Pesgl
PstD = P2 = Psg1 = ~ Psgt

33.5.4.3 Determination of volume flow rate
The volume flow rate is given by the following equation:

q
dysgl = =
Psgl

33.5.4.4 Determination of fan air power

The fan air powers are given by the following equations:

Pub = qysg1 P

Pusp = dysg1 PsD
33.5.4.5 Determination of fan efficiencies

Fan efficiencies are given by the following equations:

PuD
o = P
PusD
NstD =
R
204
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Fan pressure and fan installation category

A.1 General

In accordance with Clause 18, four fan installation categories are defined:
— category A: free inlet and free outlet;

— category B: free inlet and ducted outlet;

— category C: ducted inlet and free outlet;

— category D: ducted inlet and ducted outlet.

A.2 Fan pressure

Annex A
(normative)

ISO 5801:2007(E)

The fan pressure is now defined by international agreement as the difference between the stagnation

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

Pt = Psg2 ~— Psg1= Pesg2

~ Desgt

For free outlet fans, the kinetic energy at the fan outlet is considered as lost when the fan is discharging into a
test chamber or a partitioned-off room, even though the energy is provided by the fan. The effective fan
pressure in this case is therefore the fan static pressure:

Psf = Psg2 — Pd2° /M2 — Psg1 = P2 — Psg1 = Pe2 — Pesgf

In standardized installations, the determination of these quantities depends upon the classification of the fan
by category (see Clause 18), and they are defined as follows.

a) Category A: free inlet and free outlet

The effective fan pressure is:

2

PsfA = Psg2 — P2 %2 f
Given that:

Psq2 ~ Pz;%z Smz2=r2
the quantity

P2 ~ Psgi

is the fan static pressure

© 1SO 2007 — All rights reserved
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PsfA = P2 — Psgl = Pe2 ~ Pesgl

Though the fan static pressure, pg,, is the effective fan pressure for fan installation category A, the fan

pressure, psy, may be calculated by the following equation:
PiA = Psg2 ~ Psgl = Pesg2 ~ Pesgl

b) Category B: free inlet and ducted outlet

The effective fan pressure is the fan pressure given by the following equation:

PB = Psg2 ~ Psg1= Pesg2 ~ Pesgl

and the fan static pressure is given by

2
Ym2
PstB = Psg2~ P2 r; S M2 =Psgt = P2~ Psgt = Pe2 ~ Pesgt

c) Category C: ducted inlet and free outlet
The effective fan pressure is the fan static pressure, p, defined as follows:

v2

2
PsfC = Psg2 —P2 % S M2=Psgt = P2 —Psgt = Pe2 ~ Pesgl
The fan pressure may be calculated as follows:
PfC = Psg2 ~ Psgl = Pesg2 ~ Pesgl

d) Category D: ducted inlet and ducted outlet

The effective fan pressure is the fan pressure defined by the following equation:

PiD = Psg2 — Psgl = Pesg2 ~ Pesgl
The fan static pressure may be calculated by

PsfD = P2 ~— Psgl = Pe2 ~ Pesgl

A.3 Calculation

A.3.1 Category A

A.3.1.1 Inlet test chamber (see Figures 36, 37 and 38)

The effective fan pressure in this case is the fan static pressure, pg,, given by the expressions:

P2 =P3

PsfA = Pa—Psgl = P2 ~ Pesg1

206
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where

2
Vm3
Psg1 = P3 + P3 —r; YR

2
Ym3
Pesgl = Pe3 + P3 TfMS

The Mach number in the test chamber, Mas, is normally less than 0,15 and fy,3 = 1.
The fan pressure, p;y, is given by the expression:

2 2 2 2
\% v v, A%
PiA = Pat P2 —rngmz— [Ps + pgy —m3 } = p2 ngmz—[Pes*'Pa—ma]

2 2

where p,, V2, fm2, P3» Vm3 are calculated in accordance with 14.4, 14.5, 14.6 or 14.8.5.

A.3.1.2 Outlet test chamber

When a fan is drawing air (see Figure 46) from the test enclosure or the free atmosphere, the inlet stagnation
pressure is equal to the atmospheric pressure:

P2=DP4
Psg1 = Pa

and the effective fan pressure is the fan static pressure:
PstA = P4~ Pa = Pesd

The fan pressure is given by the following equation:

2 2
Vm2 Vm2
PfA:P4+P2_r£ Sm2— Pa :Pe4+132—nz1 Sm2

where p,, /2, e @re calculated in accordance with 14.4, 14.5 or 14.6.

NOTE The size of the outlet chamber is very large (equivalent to a large open space) relative to the fan size. The
cross-sectional area shall be at least 2 or else 3,2 times the cross-sectional area of the inlet test chamber, depending on
the type of chamber, for the same fan.

A.3.2 Category B

The fan draws air from the test enclosure or from the free atmosphere:
Psg1 = Pa

The effective fan pressure is in this case the fan pressure given by the following equation:
PfB = Psg2 — Psgl = Psg2 — Pa = Pesg2

and

2
Psg2 = P4+ P4 vm74f|\/|4 [1 +(§2—4)4J

2
Pesg2 = Pe4 + P4 %T4f|v|4 [1 + (52 - 4)4 J
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and the fan static pressure is given by

2

Vm2
DsfB = Psg2 — P2 %fMZ ~ Pa

v2

= Pesg2 ~ P2 %zflvlz
where p4, Vma, fmas P2, Vma» fuz are calculated in accordance with 14.4, 14.5 or 14.6.

A.3.3 Category C

The effective fan pressure in this case is the fan static pressure which may be calculated by the following
equation:

P2 =Pjy
vin3
Psic = P2 ~Psgt = Pa ~1P3 +P3 —5= /M3 [1+(§3— 1)3 ]

2
_ Ym3
= {Pe3 * P35 Ims [1+(§3— 1)3 J}
and the fan pressure is given by
Vr2r12 Vr%3
Pic =Pa* P2 5" M27 1 P3F P35 s [1 +(&5-1)3 ]
where ps3, V113, fM3» P2, Vm2» fuz @re calculated in accordance with 14.4, 14.5, 14.6 or 14.8.5.

A.3.4 Category D

The effective fan pressure in this case is the fan pressure which is given by the following equation:

2 2
PID = Psg2 ~ Psgt = P4+ P4 va“fm [1 +(¢2-4)4 ]—{P3+P3 VmTe'fm [1 +(&5- 1)3}}

2 2
= Pes + P4 vm74f|\/|4 [1 +(§274)4 ]-{Pesﬂ% %fM3 [1 + (531)3J}

and the fan static pressure is given by the following equation:
Vr2r12 Vr%3
PsfD = P2 = Psgt = Psg2 = P2 5=/ m2 =\ P3+ P3 " Sms [1 +(§3—1)3}

2 2
= Pesg2 ™ P2 VL;fMZ_{peS +p3 %fMS [1 +(§3—1)3]}

where py4, Vima fmar 3 M3y P20 Vma» Sz @re calculated in accordance with 14.4, 14.5, 14.6 or 14.8.5.

NOTE (&5 _ 1)3 and pg4 are usually negative.

208 © 1SO 2007 — All rights reserved



ISO 5801:2007(E)

Annex B
(normative)

Fan-powered roof exhaust ventilators

B.1 In order to meet the special installation requirements of fan-powered roof exhaust ventilators where
units with gravity-controlled shutters need to be tested in their correct mounting position, it is necessary to
make slight departures from the standard configurations.

Figures B.1 and B.2 show two variants which are permitted for this type of unit only.

B.2 Figure B.1 shows one modification which involves the inclination of the final screen of 45 % free area
max. and the alternative mounting position of the unit.

No

. Q"\’
B D3 _ B D _ 3
B i B o PL1

PL1 PL3 P I|_3

PL2| . PL2 |
p||e3 |i| T L Cjaa ) g’*\;\ L ple3
173 I [ |
= z

A
A

1 2

Key

1  flow-settling screen

2 alternative mounting arrangement and related pressure taps
3 inclined fan mounting arrangement

NOTE 1 The remainder of the test circuit is as shown in Figure 40 a) to e).
NOTE2 D, < 0,5D; where D, is the diameter of the opening in the roof or the larger side of the rectangular opening.

NOTE 3 Measurements and calculations shall be made in accordance with 30.2.

Figure B.1 — Setup of a fan-powered roof exhaust ventilator on an inlet chamber
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B.3 A further permissible variation is the use of screen loading at the outlet end of the inlet nozzle in
accordance with category C tests as shown in Figure B.2.

N ZD5 B ‘ZDi B 03 _
4 PL1 PL3
\ PL2|
. o) | Pes
1 [ ' A
1 21 A
'
° ﬂ T3 wn -
o  J
1 2 3
Key
1 auxiliary fan
2 transition section
3  flow-settling screen
4  test fan (centrifugal impeller type shown)

NOTE Pes is normally < 0.

Figure B.2 — Fan powered roof exhaust ventilator on a category C installation

This change of position of the control device, together with the use of a controlled expansion into the chamber,
enables a single diagonal screen of 45 % maximum free area to be used within the chamber.

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

The test circuit is shown in Figure B.2.

Measure Ap, pe3, T3 and take 7, = T,

Pe2=0

2

Ym3

Pesg3 = Pe3 t P3 2 = Pesgt

Py3<0
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Annex C
(informative)

Chamber leakage test procedure

C.1 General

The volume of interest is the volume between the measurement plane and the air-moving device. For an inlet
chamber, the test pressure could be negative and, for outlet chambers, the test pressures could be positive.

Three methods of testing for leakage rate are recommended.

C.2 Pressure decay method

C.2.1 Calculations

Figure C.1 a) and b) show typical test setups where the test chamber is sealed and then pressurized and the
valve closed. The initial static pressure, p, is noted at time, ¢ = 0. The pressure is recorded at periodic intervals
(at intervals short enough to develop a pressure vs. time curve) until the pressure, p, reaches a steady state
value.

Using the ideal gas law:
pV =mRT or p=pRT (C.1)

where
p s the static pressure;
V' is the chamber volume;
m is the mass of air in the chamber;
R is the gas constant;
T is the absolute air temperature;

p is the air density.

Differentiating with respect to time,

Vd_p:d_mRT
dr dr

and

_ldm

0= ar
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or
dm
0= EPQ

Substituting and rearranging gives:

dp _ pORT
dt 14
or
vy d
0= _r %
PRT dt
and
Vv dp
Q= P dt
or
V Ap
2P Cc.2
0 A (C.2)

where Q is the leakage air flow rate

Leakage rate, Q, can be determined from equation C.2 once the pressure decay curve [Figure C.1c)] is
known for the chamber.

1 \é
fan or air compressor
valve
pressure gauge
test fan location

test chamber
nozzles plugged

o OB~ WN -

a) Setup for outlet-side chamber

Figure C.1 — Pressure decay method for leakage test
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Key

nozzles plugged
chamber

test fan location
pressure gauge
valve test
vacuum pump

o g WN -

b) Setup for inlet-side chamber

Po

Ps

Ap;
At

~ Y

Y A

Q:pt At

where
p, =testpressure

A -
% = slope of curve in Figure C.1 a)

Atrin = Minimum time difference, 10 s
Key

p  pressure, in pascals
t time, in seconds

¢) Graph showing the decay in chamber pressure with time

Figure C.1 (continued)
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C.2.2 Procedure

a) Pressurize or evacuate the test chamber to a test pressure, p;, greater in magnitude than the pressure at
which leakage is to be measured. Close the control valve.

b) At time =0, start a stopwatch and record the pressure at periodic time intervals (a minimum of
3 readings is recommended) to get a decay curve as in Figure C.1 c). Continue to record until the
pressure reaches a state in which the pressure does not change significantly.

c) Quick pressure changes indicate substantial leakage which must be located and attended to.

C.3 Flowmeter method

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

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

4

AV

Key

fan or air compressor
valve

pressure gauge

test chamber
flowmeter

a b ON -

Figure C.2 — Leakage test setup, flowmeter method

C.4 Two-phase method

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

A two-stage measurement method can provide separate estimates of the two leakages, allowing more

information for eliminating the leakage and an estimate of the systematic error produced by the chamber leaks
on the accuracy of each volume flow measure.
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C.4.1 First phase

C411 The connection of the test chamber with the fan or test duct is sealed with a method
representative of the typical connection with the fan case or test duct.

C.41.2 A small nozzle (e.g. a 25 mm diameter nozzle) having a throat area, 4;,, is opened in the nozzle
wall, while all the other nozzles are sealed.

C413 The auxiliary fan is run, to bring the half-shell of the chamber located between the nozzle wall and
the auxiliary fan to a negative pressure (for outlet chambers) or positive pressure (for inlet chambers) of the
same order as the typical pressure inside the chamber, relative to the outside pressure. (There is a negative
pressure limit for each chamber due to its structural integrity.)

C4.1.4 The negative pressure inside the upstream half-shell of an outlet chamber, or the positive
pressure inside the downstream half-shell of an inlet chamber, pg,, is measured together with the differential
pressure across the nozzle wall, Ap,,.

C.4.2 Second phase

C.4.21 A small nozzle (identical to that used in the first phase), having a throat area, 4, is mounted in a
hole in the panel closing the opening of the test chamber normally connected to the fan case of the test duct.

C.4.2.2 All the nozzles in the nozzle wall are sealed.

C.4.23 The auxiliary fan is run to bring the downstream half-shell of the chamber to a negative pressure,
or the upstream half-shell of an inlet chamber to a positive pressure of the same order as the typical
differential pressure across the nozzle wall. (There is a negative pressure limit for each chamber due to its
structural integrity.)

C4.24 The new values for negative pressure inside the upstream shell of an outlet chamber, or the
positive pressure inside the downstream half-shell of an inlet chamber is measured, pg,, together with the
differential pressure across the nozzle wall, Ap,,.

Solving the following system of equations, the equivalent leakage-path areas, through the chamber half-shell

located between the connection opening and the nozzle wall, 4., and through the nozzle wall itself, can be
estimated, in the same units used for 4y,

\ldpa (4 +AW):\/pSa Ac
APy - Aw =/ Psp (Ain + Aw)

Different values for test nozzle areas (4;,, and 4;,,) may be used, if the two nozzles are not identical.

NOTE This calculation is carried out under the simplifying assumptions that the discharge coefficient of the nozzles
and also of any leakage path can be assumed to be unity, that a square-law relationship applies between pressure and
leakage flow, that the equivalent leakage areas do not depend on the pressure and stress applied to the chamber
structure, and particularly that they are not sensitive to the reversal of the static pressure differentials.

The leakage under test conditions, Q;, can finally be estimated, with the following formula, for each

measurement point, as a function of the fan static pressure, pg, of the nozzle wall differential pressure, Ap,
and of the air density, p, providing an estimate of the measurement error due to chamber leakage.
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The volume flow measures shall not be corrected with the calculated measure of the leakage flow, but the
estimate of the leakage flow can be compared with the measured volume flow to estimate the relative error
and validate the measurement.

2
DSty 40 \/2Ap
el

QL=QC+QW=AC\/ —
o)
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Annex D
(informative)

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

In the case of centrifugal fans, installation category B or D, with a non-horizontal discharge axis, it is usually
possible to temporarily orientate the casing to provide a horizontal outlet feeding into a horizontal test duct.
When this is not possible it is will be necessary to include an elbow between the fan outlet and the common
segment with pressure taps, after agreement between manufacturer and purchaser. The losses in the bend
can vary according to the expected non-uniform velocity distribution at the fan discharge and as such the
method for predicting the losses, given below, is for guidance only.

In addition it should be noted that, especially with larger fans, it may be difficult, for practical reasons, to
construct a fully compliant standardized airway and in these cases agreement between the manufacturer and
the purchaser on such configurations, tolerances to be used, etc. should be agreed prior to any test work.

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

The angle between the discharge axis and the axis of the standardized test duct should be the smallest
possible.

The elbow section should be located between sections 4, and 4, and should be of a uniform cross-section
with splitter vanes.

A conventional friction-loss coefficient is given by the following equation:

1

e 4]

where
A is the area of the inlet and outlet sections of the elbow;
b is the rectangular width of the duct;
h is the rectangular height of the duct;
V4 is the angle of the elbow, in radians;
(&o)a is the conventional friction-loss coefficient of the elbow calculated for section 4;

(x/2m)(hIb)V6 s plotted in Figure D.2 as a function of /b and .
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Pea

d=hi5
r=2,5d

Key

turning vanes

turning vanes (bend and test-duct wall removed for clarity)
rectangular to round transition section

star type flow straightener

B WON -~

Figure D.1 — Dimensions of outlet elbow for testing large centrifugal fans

218 © 1SO 2007 — All rights reserved



0,5

(y/27) (h1b)"®

0,45

0,4

0,35

0,3

0,25

0,2

0,15

0,1

0,05

Figure D.2 — Plot of (y/2r)(h/b)1/® against /b for calculating the pressure loss in an outlet elbow

ISO 5801:2007(E)

%= onl3d 0200)

= 77‘“2 (1050)

=T

= ’)’EIZ (900)

=20

M/

//
"

X/
w
z= /6 (300)
T
x =12 (15°)
0,5 1 1,5 2 25 hib

© 1SO 2007 — All rights reserved

219



ISO 5801:2007(E)

Annex E
(informative)

Electrical input power consumed by a fan installation

E.1 Introduction

Economic and/or environmental concerns have resulted in renewed attention being given by many countries
to the need for increasing the energy efficiency of all types of fan installations. The need for an agreed
approach to the calculation of the electrical input power, P, is therefore necessary. Figure E.1 shows a typical
V-belt-driven fan and shows the various losses that occur.
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Key
1 electrical input power, P,
2 variable speed device loss (heat)
3 motor losses (heat)
4  beltlosses (heat)
5 bearing losses (heat)
6  impeller and casing aerodynamic losses (heat)
7 volume flow and pressure, P, (air power)

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

E.2 Power consumption calculations

The electrical input power consumed by a fan installation is made up of a number of elements. These may be
summarized as follows.

E.2.1 Impeller power: mechanical power supplied to the fan impeller in a cased fan. This is denoted P,, and
is expressed in watts or kilowatts. P, is the fan air power (see 3.47).

The fan efficiency, n, = P /P,, is expressed as a decimal.

This is directly applicable to fan arrangements 4, 5, 15, and 16 (see ISO 13349:1999).
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E.2.2 Fan shaft power: mechanical power supplied to the fan shaft. This is denoted P, and is expressed in
watts or kilowatts. P, is the fan air power (see 3.47).

The fan efficiency, n, = P /P, is expressed as a decimal.
This is directly applicable to all other fan arrangements, i.e. 1to 3, 6 to 14, 17 to 19 (see 1ISO 13349:1999).
It differs from the impeller power by the addition of power losses in the fan bearings as a result of friction.
E.2.3 Bearing frictional power: these losses can be obtained from the formula:

Py =1,05x 1074 M-N
where

Py, is the power loss, in watts, in the bearing;

M s the total frictional moment, in newton millimetres, of the bearing;

N is the impeller/shaft rotational speed.

The frictional moment for a good quality, correctly lubricated bearing can be estimated with sufficient accuracy
in most cases taking a coefficient of friction, x, as constant, and using the following equation:

M=0,5 uCy
where
M s the total frictional moment, in newton millimetres, of the bearing;
u is the coefficient of friction as a constant for the bearings (see Table E.1);

Cq4 s the equivalent dynamic bearing load, in newtons;

d s the bearing(s) bore diameter(s), in millimetres.
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Table E.1 — Approximate constant coefficients of friction
for different bearing types (unsealed)

Type of bearing

Coefficient of friction p

Deep groove ball 0,001 5
Angular contact ball

— single row 0,002
— double row 0,002 4
Four-point contact ball 0,002 4
Self-aligning ball 0,001 0
Cylindrical roller

— with cage, when Fa =0 0,001 1
—  full complement, when Fa =0 0,0020
Needle roller 0,002 5
Taper roller 0,001 8
Spherical roller 0,001 8
Thrust ball 0,001 3
Cylindrical roller thrust 0,005 0
Needle roller thrust 0,0050
Spherical roller thrust 0,001 8

NOTE For all other types of bearing, consult information supplied by the

manufacturer.

The total resistance to rotation of a bearing comprises the rolling and sliding friction in the rolling contacts, in
the contact areas between rolling elements and the cage, the guiding surfaces of the rolling elements or the
cage, the friction in the lubricant and the sliding friction of contact seals if fitted.

Where bearings are fitted with contact seals, the frictional losses in these may exceed those generated in the
bearings. The frictional moment of seals for bearings that have seals on both sides may be estimated from the

empirical equation:

Mggq = kidga + ky

where
Mg, is the frictional moment, in newton millimetres, of seals;
ky is a constant dependent on bearing type;
ko is a constant, in newton millimetres, dependent on bearing type and seal type;
dg is the shoulder diameter, in millimetres, of the bearing (see Figure E.2);
a is a multiplicand depending on bearing and seal type.
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Figure E.2 — Section through a sealed rolling element bearing
Note that a can vary between 0 and 2,3; k4 can vary between 0 and 0,06; k, can vary between 0 and 50. For
confirmation of these values, consult information supplied by the bearing manufacturer where necessary,
noting that they may use different symbols.
It will be appreciated that as

By = P-F

then we may define the efficiency as fan bearing efficiency

P, F
Pa Pa
and
Ny XTp =13

In all cases, it will be appreciated that it is probably better to test the same fan design in arrangements such
as 1 and 4 (see ISO 13349:1999), obtaining the bearing losses by subtraction.

Note that the total moment of the fan bearings is the numerical sum of the individual moments ignoring sign
(the direction of the moments is immaterial).

E.2.4 Transmission power: Many fans, especially in the heating, ventilation, air conditioning and
refrigeration (HVACR) sector, are driven through pulleys and V-belts. This gives flexibility to fan manufacturers,
who can cover a wide duty range with a limited number of models. The system designer can take comfort in
the thought that if his system resistance calculations prove wrong then a simple pulley change can rectify the
situation, provided there is sufficient motor capacity.

Care should be taken to neither over, nor under, provide in the design of the belt drive. In either case, its
efficiency will suffer. While a well designed drive can exceed 95 % in its efficiency, provision of additional belts
for a direct-on-line start can often reduce this considerably. A ‘soft’ start can be part of a better solution.

Where fans are driven through flexible couplings (arrangements 7, 8, 9, and 17, see ISO 13349:1999) these
are normally assumed to have an efficiency of 97 % unless figures are available from the coupling supplier.

E.2.5 Motor power: Perhaps the most common type of motor used in fan installations (certainly above an
output of 1 kW) is the squirrel cage AC induction design. It is robust, reliable, requires minimum maintenance
and is relatively inexpensive. Over the last decade there has been a gradual improvement in its efficiency at
both full and partial loads. This has been achieved by the inclusion of greater amounts of active material. In
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many countries three efficiency levels have been recognized (see Figure E.3); however, some countries are
additionally specifying “premium” and “super-premium” efficiencies. The efficiency at partial loads (around
75 % of nameplate rating) may be greater than that at full load (see Figure E.4). This is contrary to earlier
designs. It is important to use the efficiency at the actual absorbed power, which may be calculated by any of
the methods described in 10.3.

Note that IEC 60034-30 [4] will standardize these efficiency grades with only minor modifications.

E.2.6 Control/power loss: This is often ignored, especially with inverters. The efficiency of these at high
turn-down ratios may be very much less than 100 %, although, of course, powers absorbed by the fan will also
be small. Figure E.4 is a typical example.
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Figure E.3 — Motor efficiency levels shown against power ratings for 2 and 4 pole machines
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X motor rotational frequency, in rotations per minute
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1  standard efficiency
2 high efficiency

Figure E.4 — Efficiency of a typical motor (2 pole) at 100% (2) and 25% (1) load

E.3 Mains power required

The electrical power input abstracted from the mains may be calculated from the following equation:

dysg1 < Pf
P, =
e X Mg X 7 X TIm X T
where
Py is the electrical input power, in kilowatts or watts;

dysq1 s the flow rate, in cubic metres per second or litres per second;

Ds is the fan pressure, in kilopascals or pascals;

n, is the fan impeller efficiency, expressed as a decimal;
Ty is the fan bearing efficiency, expressed as a decimal;
nr is the transmission efficiency, expressed as a decimal;

M is the motor efficiency, expressed as a decimal;

Mo is the control efficiency, expressed as a decimal.

NOTE 1 If fan pressure is expressed in pascals, then P will be in watts; if fan pressure is expressed in kilopascals,
then Py will be in kilowatts.
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NOTE 2 N X 1y, = N4, Where 7, is the fan shaft efficiency.

NOTE 3 Fan pressure can also be defined on a static basis, provided that 7, is also calculated on the same basis. It
should be noted that fan static efficiency is not theoretically correct as it could never be 100 % or 1.

NOTE 4  All duties and values should be for the appropriate installation category.

NOTE 5  These calculations are usually conducted at the enquiry stage before an audit can be carried out.

E.4 Specific fan power

This is a value which is being adopted in the legislation of many countries. Target levels are being specified
for various types of plant. Figures can vary from around 1 to 2,5 depending on whether it is a new plant or a
refurbishment and whether or not heating, cooling and filtration are included.

The specific fan power is expressed in kilowatts per (metre second) or watts per (litre second). As
1000 W =1 kW and 1 000 | = 1 m3, the numerical value is the same in both cases.

Rearranging the previous formula, the specific fan power is given by

Pt
My X M > N7 X 7m > 7c

It will be seen that reduction of the system resistance is as important, if not more important, than the
improvement in individual efficiencies.

These are usually summed for the total input power of all the fans in an HVACR system for the total flow rate
(supply or extract, whichever is the greater).
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Annex F
(informative)

Preferred methods of performance testing

The first edition, 1SO 5801:1997, included methods of measuring flow rate from many existing national
standards. These were recognized to be of equal merit, provided that the correct coefficients were established.
It attempted to specify standard positions for the measurement of fan pressure. Inevitably this resulted in a
very large document with many different ducting arrangements.

The second edition of this International Standard is the result of a survey of ISO members, deleting those
methods which were the least popular. A significant reduction in the number of pages has been achieved. It
should, however, be recognized that this is a step in the continuous evolution of ISO 5801. When I1SO 5801 is
next reviewed, we should achieve a further reduction in the number of methods. However, it must be realized
that fan companies have to make a considerable investment when manufacturing such test stands. They
therefore need advice on what are likely to be the preferred methods in a future edition of this International
Standard.

To this end, with the current state of knowledge, the following are preferred for any test stands manufactured
in the near future. It should be emphasized that work needs to be carried out to confirm these preferences and
that the methods chosen are likely to give equivalent results within the specified tolerances given in
ISO 13348.

The following is a list of these preferred arrangements for the future (not in order of preference):

— bellmouth or conical inlet, e.g. Figure 40 a), Clause 23, 30.2, Figure 44 a), 28.2;

— orifice plates, e.g. Figure 40 b), 30.2;

— multi-nozzle chambers (all installation types), e.g. Figures 40 e) and 41, and inlet/outlet simulations as
required in accordance with 28.2 to 28.5;

— test duct with Pitot-tube traverse (especially for large or high pressure fans) — installation types B, C
and D, e.g. Figures 42 c) and 44 f).
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