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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
CommissiT (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives,\Part B.

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 ig drawn to the possibility that some of the elements of this International’Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationgl Standard 1SO 5802 was prepared by Technical Committee ISQ/TC 117, Industrial fans.

Annexes A|to E form a normative part of this International Standard.

© ISO 2001 — All rights reserved \
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Introduction

The need to revise existing methods of site testing has been apparent for some time. Bearing in mind the extent of
these revisions, it was felt appropriate to expand the method of site testing into a "stand-alone" document. This

would enable the velocity area methods to be fully detailed for all commonly encountered airway cross-

sections. It

would also allow the addition of descriptive annexes covering the selection of suitable measuring stations and

instrument calibration.

In accordancg with recent International agreements, it will be noted that fan pressure is now (defi

hed as the

difference befween stagnation pressure at the fan inlet and outlet. Stagnation pressure is thecabsolute pressure

which would lje measured at a point in a flowing gas if it were brought to rest isentropically. ForyjMach ny
than 0,2 the gauge stagnation pressure is within 0,6 % of the total pressure.

Less emphadis is placed on the use of "fan static pressure" as this is a conventional quantity only.
anticipated thpt its use will cease with time. All fluid losses are essentially losses-in“stagnation pressy
has been reflg¢cted in the definitions now specified.

It should be recognized that the performance of a fan measured under sit€ ‘conditions will not necess
same as that determined from tests using standardized airways. The reasans for such differences are n
to the inheremtly lower accuracy of a site test, but also due to the so-called "system effect factor" or
effect", where the ducting connections at fan inlet and/or outlet modify its performance. The nee
connections dannot be understated. This International Standard-.specifies the use of "common parts" i
adjoining the [fans for the consistent determination of pressure.and also to ensure that air/gas is presg
fan as a syminetrical velocity profile free from swirl and undue: distortion. Only if these conditions are n
performance finder site conditions equate with those measured in standardized airways.

It should also|
according to
high number
curve obtaine
ordinates).

og-Tchebycheff or log-linear rules.-Arithmetic spacing can lead to considerable error un
Df point readings are taken. (These_would then have to be plotted graphically and the are
d using planimetry. The true_average velocity would be this area divided by the d

It is outside {he scope of this International Standard to assess the additional uncertainty where the
straight duct g¢ither side of the measuring station are less than those specified in annex C. Guidance i
given in ISO/fR 5168 and ISQ-7194, from which it will be seen that where a significant radial compo
uncertainties fan considerably ‘e€xceed the normally anticipated 4 % at 95 % confidence levels.

mbers less

It is to be
re and this

arily be the
ot only due
'installation
1 for good
mmediately
nted to the
het, will the

be noted that this International Standard specifies the positioning of velocity-area measudiring points

ess a very
h under the
imensional

lengths of
5, however,
hent exists,

Vi
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Industrial fans — Performance testing in situ

1 Scop

e

This Interngtional Standard specifies tests for determining one or more performance characteristics ef]

:

in an oper

2 Norm

The followi

this International Standard. For dated references, subsequent amendments<to, or revisions of,

publication
investigate
undated re
maintain re

ISO 5167-1
nozzles an

ISO 5801:1
IEC 60034
IEC 60051

Special req

3 Term

3.1 Tern

For the pur|

ional circuit when handling a monophase fluid.

ative references

ng normative documents contain provisions which, through reference in-this text, constitute
5 do not apply. However, parties to agreements based on this International Standard are ¢
the possibility of applying the most recent editions of the nermative documents indicats
ferences, the latest edition of the normative document reférred to applies. Members of
gisters of currently valid International Standards.

1991, Measurement of fluid flow by means of pressure differential devices — Part 1:
] Venturi tubes inserted in circular cross-section conduits running full.

997, Industrial fans — Performance testing using standardized airways.

1, Rotating electrical machine — Part 1; Rating and performance.

uirements for accessories.

s, definitions and'symbols

ns and definitions

poses of this’international Standard, the following terms and definitions apply.

The quantifies referred to are time-averaged mean values. Fluctuations which affect the quantities be

t

may be ag¢counted for by repeating measurements at appropriate time intervals. Mean values

calculated

fans installed

provisions of
any of these
ncouraged to
bd below. For
ISO and IEC

Drifice plates,

8, Direct acting indicating analogue electrical measuring instruments and their accessofies — Part 8:

ing measured
may then be

hich are taken as the steady-state value.

3.1.1
air
air or other

3.1.2

gas, except when specifically referred to as atmospheric air

standard air

atmospheri

NOTE

¢ air having a density of exactly 1,2 kg-m—3

of 1,2 kg-m-3, but these conditions are not part of the definition.

©1S0 2001 -
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3.1.3
fan

rotary machine which maintains a continuous flow of air at a pressure ratio not normally exceeding 1,3

3.14
impeller

rotating part of a fan which, by means of its blades, transfers energy to the air

3.15
casing

those stationary parts of a fan which direct the flow of air from the fan inlet opening(s) to the fan outlet opening(s)

3.16
duct
airway in whig

3.1.7
chamber
airway in whig

3.1.8
transition pig
section
airway along

3.1.9
test enclosu
room, or othe

3.1.10

area of the c
Ax

area of the co

3.1.11

fan inlet areg
A1

by convention

NOTE The
this Internation

3.1.12
fan outlet arg
Ay

h the air velocity is comparable with that at the fan inlet or outlet

h the air velocity is small compared with that at the fan inlet or outlet

ce

vhich there is a gradual change of cross-sectional area and/ot shape

e
space protected from draught, in which the fan andtest airways are situated

bnduit section

nduit at section x

, the gross area in thelinlet plane inside the casing

e fan inlet plane shotld be taken as that surface bounded by the upstream extremity of the air moving device. In

h| Standard theAan/nlet plane is indicated by plane 1 (see Figure 1).

a

by conventior

, the gross area in the outlet plane inside the casing without deduction for motors, fairin

gs or other

obstructions

NOTE The fan outlet plane should be taken as that surface bounded by the downstream extremity of the air moving
device. In this International Standard the outlet is indicated by plane 2 (see Figure 1).

3.1.13
temperature
t

air or fluid temperature measured by a temperature sensor

© ISO 2001 - All rights reserved
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@o

a) Axial fan

b) Centrifugal fan
Key
1 Planel 5 Transition
2 Plane 2 6 Diffuser
3 Inlet box 7 Transition
4 Inlet duct 8 Outlet duct

Figure 1 — Location of pressure measurement planes for site testing

© ISO 2001 - All rights reserved 3
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3.1.14
absolute tem
o

perature

thermodynamic temperature measured above absolute zero
f=1t+ 273,15
3.1.15
staghation temperature at a point
asg
absolute temperature which results if an ideal gas flow is brought to rest isentropically without addition of energy or
heat
NOTE The¢ stagnation temperature is constant along an airway, and for an inlet duct is equal to the abso

temperature in

3.1.16
static or fluig
o
absolute temy

0 =0gq -

where v is th

3.1.17
dry bulb tem

tg
air temperatu

3.1.18

wet bulb tem
ty

air temperatu
motion

NOTE WH

3.1.19
stagnation te

asgx
mean value in

the test enclosure.

temperature
erature of a thermal sensor moving at the fluid velocity

V2

2cIO

p fluid velocity (m/s)

perature

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

perature

re measured by a temperature sensor covered by a water-moistened wick and exposg
en properly measured, it'is a close approximation of the temperature of adiabatic saturation.

mperature'ata section

time'ofthe stagnation temperature averaged over the area of the specified airway cross s

ute ambient

inlet

bd to air in

Bction

3.1.20

static or fluid temperature at a section

b

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

3.1.21

specific gas constant

R

for an ideal gas, the equation of state is written

Ro

D |

© ISO 2001 — All ri

ights reserved
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3.1.22
inlet stagn

Osg1

temperature in the test enclosure near the fan inlet or the inlet duct at a section where the fluid velocity is less than

25 m/s

NOTE

ation temperature

In this case the stagnation temperature may be considered equal to the ambient temperature

Osg1 = 0 =ta +273,15

3.1.23

isentropic
K
for an idea

3.1.24
specific he
Cp

for an idea

C =
P A

3.1.25
specific he
Cv

for an ideal

CVZ—
A

3.1.26

expoTerTt

gas and an isentropic process

constant

at at constant pressure
gas:

X R

at at constant volume

gas

compressibility factor

z

Z=—
P

and Zis a f

P
RO

and i

C

P

unction-of the ratios
Pc

where
pc s

O is

NOTE

3.1.27
absolute p
p

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

©1S0 2001 -

the critical pressure of the gas

the critical temperature of the gas

For an ideal gas Z = 1.

ressure at a point

All rights reserved

ISO 5802:2001(E)



https://standardsiso.com/api/?name=47ce2c20ad0be5ae5093ef813cb3b325

ISO 5802:2001(E)

3.1.28
atmospheric

Pa

pressure

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

3.1.29

gauge pressure

Pe
value of a pre

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

It may be negative or positive:

absolute stagnation pressure at a point

NOTE
Pe=P—H

3.1.30

Psg

absolute pres|

process

Psg =P

where Maiis t

3.1.31
dynamic pre
Pd

pressure calc

3.1.32
total pressur

Pt
absolute stag

Pt = Psg

NOTE WH
is very close to

s
-1 _
1+X Mazj" !

ne Mach number at this point

Esure at a point

Ulated from the velocity v and the density0.0f the air at the point

4

e at a point
nation pressure minus’the atmospheric pressure
Pa = Pe * Pg

en the Mach number is less than 0,2, the Mach factor is less than 1,01 and the absolute stagnation
the sun-of the gauge pressure, the atmospheric pressure and the dynamic pressure:

N4+ N

sure which would be measured at a point in a flowing gas if it were brought-to rest via an isentropic

pressure psg

Psg = Pe

3.1.33

~d Lg®

average gauge pressure at a section x

Pex

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

3.1.34

average absolute pressure at a section x

Px

mean value in time of the absolute pressure averaged over the area of the specified airway cross section

Px = Pex * Pa

© ISO 2001 - All rights reserved
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ISO 5

conventional dynamic pressure at a section x

Paix

802:2001(E)

dynamic pressure calculated from the average velocity and the average density at the specified airway cross

section

3.1.36
fan dyna

1

el

Am
AX

Vmx
X =
2

2py

i

icpnressure
T

PdF
convention
and the fan

ParF =

3.1.37
absolute s

Psgx
sum of the
average ab

Psgx =

NOTE

Psgx T

3.1.38

Al dynamic pressure at the fan outlet calculated from the mass flow, the average air densit

outlet area

2
P VZLZ:L Im
272 20, A

tagnation pressure at a section x

conventional dynamic pressure pgx corrected by the Mach.factor coefficient Fyy at the sé
solute pressure py

Px + Pax Fmx

The absolute stagnation pressure may be calculated by the expression:

k-1

K
- Dy (1+ Maij’(l

average total pressure at a sectionx

Ptx
when the M

Ptx = P

3.1.39
fan pressu

PF

ach number is less than 0,122, the Mach factor Fy; may be neglected so

bx + Pdx = Psgx7Pa

re

y at the outlet

bction and the

difference Petween the stagnation pressure at the fan outlet and the stagnation pressure at the fan inl

U

PF = Psg2 — Psg1

3.1.40

fan static pressure

PsF

conventional quantity defined as the fan pressure minus the fan dynamic pressure corrected by the Mach factor at

the fan outl

et area

Psk = Psg2 — PdF Fm2 — Psg1 = P2 — Psg1

©1S0 2001 -
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3.1.41
Mach numbe
Ma

r at a point

ratio of the fluid velocity at a point and the velocity of sound in the fluid

NOTE For an ideal gas:
v
Ma=——
KRy 6
3.1.42
Mach numbdrat a section x
May

ratio of the flu

Ma, =—
\/

3.1.43

Mach factor

Fm
correction fac

d average velocity by the velocity of sound at the specified airway cross section

KRy Ox

for which is applied to the dynamic pressure at a point givendy'the expression

Fy=tsn P
Pd
NOTE Th¢ Mach factor may be calculated by:
Ma? Ma* Ma®
Fv =1+ a a a + for ¥=1,4
4 40 1600
3.1.44
stagnation irjlet density

Psgl
density calcul

Psgl =

bl

3.1.45
average den

Px

pted from the stagnatignyinlet pressure psg; and the stagnation inlet temperature g3

Psg1

W95g1

Bity.at@ section x

fluid density ¢

3.1.46

alculated from the absolute pressure py, and the static temperature 6

mean density

Pm

arithmetic mean value of inlet and outlet densities

Pm

_P1t P2

2

© ISO 2001 - All rights reserved
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3.1.47
mean mas

Om

ISO 5

s flowrate at a section

802:2001(E)

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

f the average

NOTE The mass flow will be the same at all cross sections within the fan airway system, apart from leakage. When the fan
is not gastight, the mass flow is taken as either that at the fan inlet or outlet, as appropriate.
3.1.48
inlet stagnation volume flow
Qvsgl
mass flowrate divided by the stagnation inlet density
q
Qvsgl F —
Psgl
3.1.49
outlet stagnation volume flow
Ovsg2
mass flowrate divided by the stagnation outlet density
q
Qvsgz [F —n-
Psg2
3.1.50
volume flgw at a section x
Ovx
mass flow jat the specified airway cross section divided\by the corresponding mean value in time @
density at that section
Om
Qvx =|—
Px
3.151
average velocity at a section x
Vimx
volume floy at the specified airway cross section divided by the cross-sectional area A
Qv x
Vi =f——
mx Ax
NOTE hisds\the mean value over time of the average component of the fluid velocity normal to that section.
3.1.52
fan work per unit mass
y
mechanical energy increment per unit mass of the fluid passing through the fan
2 2
_P2-P1 VYm2 Vm
y= +
Pm 2 2
NOTE y may be calculated as in 3.1.57.
© ISO 2001 - All rights reserved
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3.1.53
fan static wo

Ys

rk per unit mass

2
_P2-P1_Vm

y
° Pm 2
3.1.54
fan pressure ratio

er
ratio of the av

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

, Ps
Fp =
P Ps
3.1.55
density ratio
Ko

2.
o

of inlet density to mean density

fluid density at the fan inlet divided by the mean density in the fan

2

_Pl

3.1.56

P1
+ P2

compressibility coefficient

k
ratio of the m
with the same

NOTE 1 Thq
through the fan|
NOTE 2 k

i

k:

bchanical work done by the fan on the air to theiwork that would be done on an incomprg
mass flow, inlet density and pressure ratio

e work done is derived from the impeller power-on the assumption of isentropic expansion with no
casing.

given by the expression:

(x—1) ps Pr 10910 Iep

K Qpy

3.1.57

fan air powe
Pu
conventional
inlet volume f

(k=1 psg P (r-1)
dm Pr

P loggo [1+

ow, the compressibility coefficient k and the fan pressure

bssible fluid

heat transfer

putputpower which is the product of the mass flow by the fan work per unit mass or the product of the

Pu=0my

3.1.58
fan static air
PUS

= Ovsg1 PF K

power

conventional output power which is the product of the mass flow g, by the fan static work per unit mass or the
product of the inlet volume flow, the compressibility coefficient k and the fan static pressure psg

Pus = dmYs = Qvsg1 K PsF

10
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3.1.59
impeller power
Pr
mechanical power supplied to the fan impeller
3.1.60
fan shaft power
Pa
mechanical power supplied to fan shaft
3.1.61
motor outpatpewer
Po
shaft powe[ output of the motor or other prime mover
3.1.62
motor inpyt power
Pe
electrical ppwer supplied at the terminals of an electric motor drive
NOTE With other drive forms it is not usual to express the input to the prime moverin terms of power.
3.1.63
rotational gpeed
N
number of fevolutions of the fan impeller per minute
3.1.64
rotational frequency
n
number of fevolutions of the fan impeller per second
3.1.65
tip speed
u
peripheral yelocity of the impeller blade_tips
3.1.66
peripheral|Mach number
May
non-dimengional paraméter’equal to the ratio of the tip speed to the velocity of sound in the gas at the stagnation
conditions pf fan inlet
u
Ma, 4 2—=——

¥® Ry Osq1
3.1.67
fan Mach number
Mag
conventional quantity used as a scaling parameter
NOTE It is the fan tip speed divided by the speed of sound in standard air:

nDyn

Ma,: =

where ¢ = 340 m-s-1 for ambient temperature.

©1S0 2001 -
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3.1.68

fan impeller efficiency

s
fan air power

3.1.69

P, divided by the impeller power P,

fan impeller static efficiency

Nsr

fan static power P divided by the impeller power P,

3.1.70

fan shaft effi

Na
fan air power
NOTE Thq

3.1.71

C1lency
P, divided by the shaft power P4

e fan shaft power P, includes bearing losses whilst the impeller power does not.

fan motor efficiency

v
fan air power

3.1.72

P, divided by the motor output power P,

overall efficigncy

Tle
fan air power

3.1.73
kinetic energ
Opx

non-dimensio|
area A, dividg

I

P, divided by the input power for the fan and motar‘combination

y factor at a section x of area A

hal coefficient equal to the time-averaged flux of kinetic energy per unit mass through the
d by the kinetic energy per unit mass corresponding to the mean air velocity through this a

(pvn v?) dA

X

2
Um Ymx

b local absolute velocity

e localivelocity component normal to the cross section

considered
rea

O py =
where
v s th¢
W, Iisth
NOTE Ith
3.1.74

kinetic index
Tkx

as been agreed for this International Standard that by convention in fan technology a,, equals one.

at a section x

non-dimensional coefficient equal to the ratio of the kinetic energy per unit mass at the section x and the fan work

per unit mass

ikx—

2

_ VYmx

2y

12
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ISO 5

Reynolds number at a section x

Rex

802:2001(E)

product of the local velocity, the local density and a relevant scale length (duct diameter, blade chord) divided by
the dynamic viscosity

Rey

NOTE
parameter.

Px Vmx Dx

X

It is a non-dimensional parameter which defines the state of development of a flow and is used as a scaling

3.1.76

fan Reyno
Rer
product of
atthe fan i

Re,: =

NOTE

3.1.77
friction los

(Sxyly
non-dimen
density at S

NOTE

APx-—y

3.1.78
fan flow cq
¢

non-dimen
speed of th

e

ds number

e fan tip speed, the inlet density and the impeller diameter divided by the dynantic viscog

pyrnD?
Hi

t is a conventional quantity used as a scaling parameter.

s coefficient

bional coefficient for friction losses between sections x and y of a duct, calculated for thg
ectiony

-or incompressible flow:

1
) Py me2 (gx—y)y

efficient

Sional quantity equal to the mass flowrate divided by the product of the mean density,
e impeller and.the square of the diameter of the impeller

am
1 uDr2

ity of the fluid

b velocity and

he peripheral

3.1.79

fan work p
¥

er unit mass coefficient

non-dimensional quantity equal to the fan work per unit mass divided by the square of the peripheral speed of the

impeller

¥ =
u

©1S0 2001 -
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3.1.80

fan power coefficient

Ap

non-dimensional quantity equal to the impeller power divided by the product of the mean density with the cube of
the peripheral speed of the impeller and the square of the diameter of the impeller

PI‘
to = pmu® Df

3.2 Symbols
A Aret of the conduit section m2
Ay Area of the conduit of section x m?2
Ay Correcting coefficient for partial pressure of water vapour at a given temperature
A Fanlinlet area m2
Ay Fan|outlet area m2
b Distance from the wall to the nearest measuring point m
c Speed of sound in air m-s—
Cp Spegific heat at constant pressure J-kgtl-K-1
Cy Spegific heat at constant volume J-kgl-K-1
d Diafneter of the head of the velocity probe mm
D Intefnal diameter of a circular cross-section duct m
Da Minfimum inner diameter of an annular duct m
De Equjvalent diameter of a non-circular cross-section duct m
Dp Hydraulic diameter of the duct m
D, Diatfneter of the impeller m
e Thigkness of the ring in an anaular duct m
€pF Fan|pressure uncertainty.
€q Flowrate uncertainty
ep Characteristic upcertainty
f Addjtional uneertainty
fi Weighting‘coefficient
F Proximmty coefficient
Fm Mach factor
g Gravitational acceleration m-s—2

Horizontal distance of the probe from the reference wall when the orthogonal

coordinates are used m
hy Relative humidity [hu = Pv J

Psat

H Height of the rectangular section of a duct m
ik Discharge kinetic index

14 © ISO 2001 - All rights reserved
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Mag

Pdx
Par
Pe
Pesgx
Pex
Pr

Y

Psat
PsF
Psg
Psgx

Ptx

Px
P1
P2

Kinetic index at section x

Line current
Compressibility coefficient
Density ratio

Length of traverse line
Length of traverse line at distance a from reference wall

Length of traverse line at distance 0 from reference wall

Length of traverse line at distance x from reference wall

ISO 5802:2001(E)

3 3 3 3

Lpngthoftherectangutar-sectionof-aductorgreatest possibtetengtirofa—section
hhaving any one form
L

ength of a duct

ner dimension of the duct in a direction perpendicular to the nearest wall to the
Fobe

ach number at a point
an Mach number

ach number at section x

otational frequency of impeller
otational speed of impeller

umber of traverse lines

ean pressure in space and time of the fluid, i.e. absolute static pressure
tmospheric pressure (absolute)
ynamic pressure at a point

ynamic pressure at section x

an dynamic pressure

auge pressure

auge stagnation pressure atsection x
verage gauge pressure at.section x

T > O 0O T 0O 0O > Z 0D 0D 1 2T =

an (stagnation) pressure

nverse of the expanent of the characteristic law of the evolution of velocities at the
all (taking intoyaecount the measurement results of the surface roughness of the
alls and the\value of the Reynolds numbers)

aturation.vapour pressure

i ) =

an static pressure

salute stagnation pressure at a point

3

r-mnin—1

U U U U U U U U T

Absolute stagnation pressure at section x
Total pressure at a point

Total pressure at section x

Partial pressure of water vapour

Average absolute pressure at section x
Absolute static pressure in the inlet section
Absolute static pressure in the outlet section
Mechanical power output to the fan shaft

© ISO 2001 - All rights reserved

Pa
Pa
Pa
Pa
Pa
Pa
Pa
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Pe Motor input power w
Ps Friction losses power W
Po Power available at the output shaft of the drive W
Py Mechanical power supplied to the impeller of the fan W
Py Fan air power W
Pus Fan static power W
Om mass flowrate kg-s-1
Qv Volume flowrate m3.s-1
Ovr Actyal volume flowrate m3-sf-1
Ovs Volume flowrate corresponding to standardized conditions of use of the DP device m3.s-1
Ovsgl Volume flowrate at the inlet at stagnation conditions m3-sf-1
Qvsg2 Volume flowrate at the outlet at stagnation conditions m3-sf-1
Ovx Volyme flowrate at section x m3.si-1
r Radius of the duct m
= Fan|pressure ratio
ra Area ratio of an orifice plate
R Spegific gas constant J-kg7l-K-1
Rp Extreme value of a duct radius m
Rey Reyholds number at section x
Ry Spegific gas constant of humid air J-kgl-K-1
S Chdracteristic proportional slope of equivalent orifice
t Air ¢r fluid temperature measured by a temperature sensor °C
tq Dry [bulb temperature °C
[ Stafjc temperature at section x °C
tw Wet bulb temperature °C
u Peripheral speed of the impeller m-s—
U Voltage of electrical currént
v Local absolute velocity m-s—
Va Axigl velocity at test-Section m-s—
Vim Medn value of yover time m-s—
Vi1 Medn value-of vin the inlet section over time m-s—
Vim2 Medgn-value of vin the outlet section over time m-s
Vimx Mean value of vin section x over time m-s—1
" Local velocity normal to the cross-section m-s-1
(y) Profile of velocities along the segment of the exploration line of the abscissa x m-s—1
Y, Volume of fluid m3
y Vertical distance of the probe from the reference wall when orthogonal coordinates

are used m
Ve Fan work per unit mass J-kg-1
YEs Fan static work per unit mass J-kg-1
z Mean altitude of the fan from reference plane m
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4]

¥47)

o
27N
an2
&y
Ap
Ady
Az

Ta
Tle
Tivs
Y
T
Tsr
Thr

Ap

Hx
H

Pm
P12

Mean altitude of fan inlet from reference plane

Mean altitude of fan outlet from reference plane
Compressibility factor

Kinetic energy coefficient of the flow

Value of the coefficient «in the inlet section of area A
Value of the coefficient «in the outlet section of area A
Absolute uncertainty in the volume flowrate gy

Differential pressure

ISO 5802:2001(E)

m3.s~1
Pa

bsolute limit error on the determination of the volume flowrate qy
[titude at barometer minus altitude of fan

Xpansion factor

an shaft efficiency

verall efficiency (or unit efficiency)

otor shaft efficiency

otor efficiency

an impeller efficiency

an impeller static efficiency

rive efficiency

atio of specific heats (at constant pressure and velume)

an power coefficient

Fiction loss coefficient ({'= A-L-Dp1)

ynamic viscosity of the fluid at section x

ynamic viscosity of the fluid-atithe fan inlet

ensity of fluid

ean density

rithmetic mean yatte over time of inlet and outlet densities
verage density-at section x

ean density in the inlet section

ean density in the outlet section

A
A
E
F
G
M
M
F
F
D
R
Darcy friction factor
F
F
D
D
D
M
A
A
M
M
S

tagnation inlet density

Absolute temperature

Stagnation temperature at a point
Stagnation temperature at section x
Static or fluid temperature at section x
Fan flow coefficient

Azimuth

Fan work per unit mass coefficient

© ISO 2001 - All rights reserved
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4 Quantities to be measured

The flow of fluid in a fan and in the installation it serves is never completely steady. However, the quantities relating
to the state and displacement which characterize this flow do have steady mean values over time, at least in the
normal operating zone of the fan, when the system resistance is kept constant and the rotational speed of the fan is
maintained to within 0,5 %.

The fluctuations which affect the characteristics investigated may be taken into account by repeating the
measurements at appropriate intervals of time so that mean values may be calculated truly representing the
desired mean values over time, which then become virtually steady values.

For a permarnnf flow of fluid of this natiire gnnnrafnﬂ |"\\JI an industrial fan npnrnfing n-an nirfighf saction of an

airway withoyt a branch pipe (inlet section 1; outlet section 2 of Figure 1), the following expression\serves as a
basis for defining the effect of the fan on the flow under consideration:

P lpa-p amVae  am Vi
y=—9- +
Om Pm 2 2

+9(z2 —271)

By convention, for this International Standard op = o = 1

5 Generdl conditions and procedures concerning in situtests

5.1 Genergl recommendations
Tests on site hall be carried out after an initial check that the fan'is functioning properly.

There shall be no significant leakage of gas into or out efithe airway between the fan and any flow ¢r pressure
measuring plgne. There shall be no unintended recirculdtion of gas between the inlet and outlet of the fan.

The measuref necessary for the safety of the testioperators and for the prevention of damage to the fan shall not
have any appfeciable effect on the performance‘characteristics of the machine under test.

Before beginfging the acceptance tests, thevsupplier shall have the right to check that the fan is in good working
order and to make any necessary adjustments.

5.2 Select|on of test point when only the system resistance can be varied

If, for a fan without an adjostment device (e.g. variable pitch, adjustable blades or inlet vane contrdl), a single
specified opefating point is-to be checked and only if the system resistance can be varied, measurements shall be
taken at at legst three.0perating points selected as follows.

a) For the point\of least flow, the value of the flowrate or of the flow coefficient shall be less than|that at the
specified|paint, and shall be between 85 % and 90 % of this latter value if possible.

b) For the point of greatest flow, the value of the flowrate or of the flow coefficient shall be greater than that at the
specified point, and shall be between 110 % and 115 % of this latter value if possible.

c) For the intermediate point, the value of the flowrate or of the flow coefficient shall be as close as possible to
that at the specified point, and shall be between 97 % and 103 % of this latter value if possible.

If, for a fan without an adjustment device, more than one specified operating point is to be checked and if only the
system resistance of the airway can be varied, the measuring point shall be selected as follows.

d) A test point shall be selected corresponding to each specified point so as to obtain a value for the flowrate

corrected if necessary to take account of a variation in speed in relation to the specified speed, or for the value
of the flow coefficient of the fan, as close as possible to that at the specified point and, if possible, within 3 %.
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e) The variation in the flowrate or in the flow coefficient between two adjacent test points may not exceed 10 % of
the arithmetical mean of the flow coefficients at the specified point;

f) Thera

nge of the test points shall extend on both sides beyond the range of the specified points.

The number and the range of operating points may be reduced by mutual agreement between the parties.

5.3 Fans fitted with adjustment devices

When the fan is fitted with a geometric adjustment device, a measuring point shall be obtained by setting both the
adjustment device of the fan and the system resistance of the airway such that the values of the flow and pressure

coefficients
being, if po

It is recomr

Supplemer
same posit
of a single

5.4 Syst

To obtain
system or
either in thq

It is advisa

The syster
preferably

upstream d
appreciable

In any cas
from the fa

It should b¢ noted that the proposed distances are not always adequate to reduce the disturbance of

to negligibl
In cases of]

It is also peg
the fan with

at-this—testpomntare—asclose—aspossibtetothoseof the—corresponding—specifrecpoint;
5sible, less than 4 %.

hended that the proper settings of the adjustment devices be determined by means of a pr
tary points shall be added to each measuring point thus obtained, keeping the)adjustmen

on, modifying only the system resistance and adhering to the recommendations laid dow
Specified operating point.

em throttling devices allowing the system resistance to, be altered

lifferent points on the characteristic curves of the fan, the“flowrate shall be reduced by
ncreased by opening a by-pass. These devices shall be\located so that they do not di
b measuring section or in the fan.

ble to avoid positioning the two restricting devices in‘series as this may create pulsating flo
n throttling devices shall, as far as possible; be symmetrical and shall cause no swi
be positioned downstream from the fan. If this is impossible, they shall be positioned as f
f the fan inlet. It shall be ensured thatithese positions are such that the resulting distur
effect either on the measurements:or-on the operation of the fan.

b, the system throttling devices, shall be placed at a minimum of 5 D, downstream or 10
D, Dy, indicating the hydrautic-diameter of the duct?.

P proportions.

serious doubt,an appropriate test shall be carried out in order to control the flow condition

rmissibleto 'use any other means (e.g. fans in series or in parallel) which can alter the ope
out disturbing the flow conditions in the fan and the measuring section.

5.5 Sele

the deviation

bliminary test.

device in the
h for the case

throttling the
sturb the flow

=

rl. They shall
ar as possible
bance has no

Dp upstream

low in the fan

D.

rating point of

ction of the test point when the system resistance cannot be varied

When the system resistance of the airway cannot be varied, the measurement can only be made for one operating
point. In this case an agreement between the parties is necessary to the effect that the test can only be carried out
at this single point.

1) Provided that these lengths are sufficient to avoid inaccuracies in measurement of the flowrate and the pressure of the fluid
on both sides of the fan.

2) The hydraulic diameter is equivalent to four times the sectional area divided by the internal perimeter. For a circular section,
the hydraulic diameter is equal to the geometrical diameter of the section.
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5.6 When correction of the coefficient deduced from the test is not necessary

When the values of the density and viscosity of the fluid and the rotational speed of the fan measured during a test
do not differ by more than 10 % in relation to the specified value of the fan Reynolds number, it is not necessary to

correct non-di

6

6.1

mensional coefficients deduced from the test.

Instrumentation

Instrumentation for measurement of pressure

6.1.1 Barometers

The atmospheric pressure in the test enclosure shall be determined with an uncertainty not exceeding +

Barometers
nearest 1 m
ISO 5801. Co
and for room

Barometers 0
+ 200 Pa and

The baromet
correction, py

6.1.2 Mano

Manometers
pressure, aftg
temperature),

The significa
measuring ra
of best efficie

The manomeg
indicating or r|

Calibration sH
difference. TH
to an accurac

Manometers

the direct-reading mercury column type should be read to the nearest 100)Pa (1 mba

of mercury. They should be calibrated and corrections applied to the readings as
rrection may be unnecessary if the scale is preset for the regional value-of g (to within 4
emperature (within £ 10 °C).

g

J

the calibration is checked at the time of test.

br should preferably be located in the test enclosurelfit is placed elsewhere in the
g-Az, in pascals, should be applied for any difference ip,altitude exceeding 10 m.

meters

for the measurement of pressure difference shall have an uncertainty under conditions
r applying any calibration corrections \(including that for any temperature difference from
not exceeding £ 1 % of the significant:pressure, or 1,5 Pa, whichever is the greater.

t pressure should be taken ‘as ‘the fan pressure at rated duty or the pressure differ
ed volume flow according to-the manometer function. Rated duty will normally be fairly ne
ncy on the fan characteristic:

ters will normally be-of the vertical or inclined liquid column type, but pressure transg
ould be a seties of steady pressures, taken both in rising and falling sequence to che

e referencCe'instrument should be a precision manometer or micromanometer capable of
y of 0,25% or 0,5 Pa, whichever is the greater.

0,3 %.

r) or to the
pecified in
0,01 m/s2)

f the aneroid or pressure transducer type may be used provided they have a calibrated accuracy of

locality, a

of steady
calibration

ence when
ar the point

ucers with

ecording instrumentation are acceptable, subject to the same accuracy and calibration reqlirements.

eck for any
being read

bloyld be located and calibrated at the mean altitude of the fan or, alternatively, where ther difference

exceeds 10

6.1.3 Damp

a COTTECHOT as giverT i 6. 1. 1 should e apptied:

ing of manometers

Rapid fluctuations of manometer readings should be limited by damping so that it is possible to estimate the
average reading within £ 1,0 % 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 £ 1,0 % of the significant pressure.

If linear damping is required, this may be achieved by inclusion of short lengths of small bore tube or glass capillary
on either side of the manometer.
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6.1.4 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. Care should be taken to ensure that all tubing and connections to other instruments are
free from blockage or leakage.

6.2 Measurement of air velocity

6.2.1 Pitot-static tube

The Pitot-g
ISO 7194).

Using the
velocity m3g

.

The lower
and the ac
tube is not

In order to
negligible |
shall not eX

Pitot-static

The P
shall b

a)

b) The a

device

c) ThePi

d) The di

head g

The lo
meang

e)

tatic tube described in 1ISO 5801 shall be used without preliminary calibration (see also

lifferential pressure (Ap) measured by this instrument in conjunction with a manometer,
y be calculated by the formula:

TZ
imit of the differential pressure measurement depends on the“accuracy required for this

curacy of the micromanometer selected. Under normal industrial conditions, the use of t
Fecommended in sections where the differential pressuré.at any measuring point is less tha

AP
o

q

3

[

keep the error in the flowrate, resulting from a yvelocity gradient along the measuring
mits, the ratio d/Dy, of the diameter d of the head' of the tube to the hydraulic diameter
ceed 0,02.

tubes shall be used subject to the following conditions.

q

tot-static tube shall be manufactired in conformity with the dimensional specifications
E in good condition.

is of the head of the Pitot-static tube shall be parallel to the axis of the duct to within + 5
5 shall be provided for this-purpose.

fot-static tube shall.bé kept firmly in place during the measurements.

Stance between the axis of the Pitot-static tube and the wall shall be greater than the di
f the tube:

cal Reynolds number, related to the diameter of the head of the tube, shall be greater
thatfor air at atmospheric pressure and temperature the local velocity v in metres per sec

SO 3966 and

the local fluid

determination
he Pitot-static
in 10 Pa.

ection, within

D, of the duct

tipulated and

°; appropriate

ameter of the

nan 500. This
bnd should be

[l Y|

not le

f)

FS =Y v 2 L P +la N H + £+l L Al £+l Foaln H HIH +
urart v ="17,9/'4, WIITTT U 15 UTC UlAaltiCiTT UT 1T TiIcalu Ul uic tuuT, rimmmmricutTo.

10° except for the relatively small number of points for which this value might reach 15°.

This angle

may be measured for instance by one of the following methods:

hole as the Pitot-static tube;

©1S0 2001 -

weathercock with indicator;

winch or anemometer with radial blades and measure of rotational speed.
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The angle formed by the direction of flow at each point and the axis of the duct shall, in general, not exceed

cylindrical probe with three holes and at least two manometers; this is the more simple method using the same
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The marking devices of the measuring points shall be placed downstream of the measuring section and the total
blockage area shall not be greater than 2,5 % of the area of the measuring section.

The velocity probes shall be fixed in such a way that they vibrate as little as possible. Branch pipes and electric
cables used for the measurements shall be so located that they do not disturb the measurement itself.

The openings for probes, pipes and cables shall be sufficiently airtight as not to influence the measurements made

near the wall.

The geometric shape of the measuring section shall be as simple as possible.

When the M

ch number exceeds 02 (corresponding to approximately 70 m/s in standard air) a corre

tion factor

taking accour
be calculated

{2
v=¢ |

with € = ll-k—r

The validity o

2o
p

0,3

6.2.2 Rotating vane anemometers

The use of rd

t of the compressibility effects shall be included in the formula from which the local fluid
using measurements taken by means of the Pitot-static tube. In this case:

hp "
0

27¥2
1 ap, x4l (&)
2k p ex2 \p

this formula is limited to

forx =1,4

tating vane anemometers-isimited to conditions where there is no significant fluctuatior]
pint in the measuring plane? They may be used subject to the following conditions.

ance shall be in-good condition and shall be calibrated by an authority recognized by
d, before and after-the tests (see annex E for recommended procedure).

of the anemometer shall be as parallel as possible to the axis of the duct. The deviation ir
o0 the axis’of the anemometer shall not exceed 5° at any measuring point if the err
ed at less than 1 %.

elocity can

in velocity

the parties

the flow in
Dr is to be

tion.

level at any p
a) The appl
concerneg
b) The axis
relation
maintaing
c) The diam

eter of the applinnr‘n shall be less than 1/10 of the smallest dimension of the mnacnring sol

d) When it is agreed that an abnormal velocity distribution exists, consideration should be given to the

introducti

on of a smaller diameter anemometer and an increased number of measuring points.

e) The distance between the centre of the appliance and the wall shall be not less than 3/4 of the diameter of the
appliance.

f)  The appliance shall be mounted on a support which is sufficiently rigid to prevent vibrations but which will

disturb th

e flow as little as possible.

g) As the accuracy of measurement depends very much on the value of the reading and the uniformity of the
flow, the lowest reading shall be at least three times the velocity at which the anemometer commences to

rotate.
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The use of other devices (e.g. Venturi probes, swinging vane anemometers, thermal anemometers, etc.) is
recommended if the velocities are so low that the Pitot-static tubes or rotating vane anemometers cannot provide a
good accuracy.

The conditions set out in 6.2.2 for rotating vane anemometers also apply to the instruments mentioned above.

However it should be noted that the specified calibrations concern the complete instrument comprising the head,
the connections and the indicator.

Itis also pqinted out that the thermal anemometers are particularly suitable for measurements close t

the wall.

6.3 Mea

6.3.1 The

Instrument
calibration

6.3.2 The

Temperatu
airstream |
the lesser.

surement of temperature

rmometers

5 for the measurement of temperature shall have an accuracy of £ 1,0(°G after the appl
correction. The corrected test reading should be recorded to the nearest0,5 °C.

rmometer location

e measurements taken inside an airway shall be made“with the sensing element ¢
pcated on a horizontal diameter, one third of the airway.diameter or 2100 mm from the wall
Instruments should be withdrawn from the airstream when performance readings are takg

demonstrafed that their presence does not affect the determination of performance.

6.3.3 Humidity

The dry bu
the conditig
surfaces.

The wet bu
clean, in gg
the apparal

6.3.4 Infl

b and wet bulb temperatures in the test enclosure should be measured at a point where th
n of the air entering the test airway. The instruments should be shielded against radiatio

Ib thermometer should be located in an air stream of velocity of at least 3 m-s—1. The slee\
od contact with the bulb, and)Kept wetted with pure water. Relative humidity may be meas
us used has an accuracy-of + 2 %.

lence of air veloeity

The uncertainty of temperature measurement will increase if the temperature sensing element is

airstream (@

f velocity-exceeding 60 m-s-1 with atmospheric air (0,15 Mach number). A thermometer

ductwork i
closer to th

If the air v

35 m-s—1, the same

stagnation temperature.

cation of any

irectly in the
whichever is
n, unless it is

ey can record
h from heated

ing should be
ured provided

placed in an
ocated in the

dicates arn’ intermediate temperature between the stagnation temperature and static tenpperature, but

is 0,31 °C; for

If the reading is taken in a section where the air velocity is less than 25 m-s-1, then the measured temperature may
be taken as equal to both stagnation and static temperatures.

It is therefore recommended that measurement of the stagnation temperature upstream of the fan inlet or of the
test airway be made, either in a section where the air velocity lies between zero and 25 m-s—1 or in the inlet

chamber.

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

©1S0 2001 -
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If it is not possible to meet this requirement, sensing elements can be put inside an airway on a horizontal
diameter, at least 100 mm from the wall or one third of the airway diameter, whichever is the lesser.

6.4 Determination of density
6.4.1 Density of the air in the test enclosure
The density of the air in the test enclosure (in kg-m—=3) is given by the following expression:

3,484 (p, —-0,378p,)

a 1000272 4L o+ \
JOOUOUZTI o T tg)

However, when testing with standardized or similar airways, the effect of water vapour is usually negligible. At
temperatures|below 23 °C the following simplified expression may be used with an uncertainty not| exceeding
+0,5 %.

3,468 p,
1000 (273,15 + t,)

Pa =

This latter expression may also be used under site conditions when the moisture content of the air is less than
1,5 % by mass.

6.4.2 Average density of the air in an airway section

The average flensity of the air in an airway section x, where theaverage gauge pressure in pascals is ey and the
average air tgmperature in degrees Celsius is ty, may be obtained for high pressure according to ISO 58pD1.

6.4.3 Determination of vapour pressure
The vapour pfessure (in pascals) may be obtained{rom the following expression:

Pv = Psat T Pa Aw (ta — tw)
where

Psat IS the saturation vapourpressure at the wet bulb temperature t,;
ta is fhe dry bulb tenmperature;
Ay =8,66x10-4°C-1whent, is between 0 °C and 150 °C;

Ay =9%,94%10-4°C-1whent, islessthan 0 °C.

Table 1 lists values of saturated vapour pressure (psat) in 0,5 °C increments of water or ice in contact with air over
the temperature range — 4,0 °C to 49,5 °C. The air relative humidity h, can also be directly measured in order to
obtain:

Pv = hy (Psabta

where (psabia IS the satured vapour pressure at the dry bulb temperature t5 obtained from Table 1 with t5 instead of

tW .
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6.5 Measurement of rotational speed

6.5.1 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 speed during each such period with an uncertainty not exceeding £ 0,5 %. No
device used should significantly affect the speed of the fan under test or its performance.

6.5.2 Examples of acceptable methods

6.5.2.1
The numbs

shall be ad
0,25 % of t

6.5.2.2

This shall b

6.5.2.3

This shall
instrument

6.5.2.4

These sha
source whd

6.5.2.5

When the f
the latter ¢
0,5 %. Alte

used for in
not exceed

7 Detel

7.1 Loc

7.1.1

Digital counter measuring the revolutions for a measured time interval

r of impulses counted shall be not less than 1 000 during the measured time interval.\The
tuated automatically by the starting and stopping of the counter and shall not be in ‘efror
ne time needed to count the total number of impulses.

Revolution counter

e free from slip and timed over a period of not less than 60 s per operation.

Direct indicating mechanical or electrical tachometer

shall represent not more than 0,25 % of the measured speed.

Btroboscopic methods

| be calibrated against a rotating standard-before and after use unless fed by or chec
se frequency is known or measured to within £ 0,25 %.

Frequency meter

rnatively, a digital instrument of lower class index, i.e. smaller uncertainty, is permissibl

ng £ 0,25 % of the'shaft speed.

mination\of fan pressure

tioh 'Of pressure measurement plane

pe free from slip and calibrated before and after use. The smallest division on the sca

AN is direct driven by a synchronous or induction motor, by measurement of the supply freg
hse, also counting the slip(frequency, the frequency meter shall have an uncertainty of mot more than

timing device

by more than

e of such an

ed against a

uency and, in

. The device

Hicating slip frequency. shall be used in such a manner as to permit direct counting with an uncertainty

For the purposes of determining the fan pressure, the static pressure shall be measured at planes on the

inlet and/or the outlet side of the fan sufficiently close to it to ensure that the pressure losses between the
measuring planes and the fan are calculable in accordance with available friction factor data without adding
excessively to the uncertainty of fan pressure determination. Friction factors for smooth ducts are given in annex D.

©1S0 2001 -
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Table 1 — Saturation vapour pressure pgg Of water as a function of wet bulb temperature t,

Temperature Saturation vapour pressure pg, of water, hPa

°t 0,0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9

-4 4,55 4,51 4,48 4,44 4,41 4,37 4,35 4,31 4,28 4,24

-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 7.05 711 7.16 7.21 7.25 731 7.36 741 747 7,52

3 7,57 7,63 7,68 7,73 7,79 7,85 7,91 7,96 8,01 8,08

4 8,13 8,19 8,24 8,31 8,36 8,43 8,48 8,53 8,60 8,65

5 8,72 8,79 8,84 8,91 8,96 9,03 9,09 9,16 9,21 9,28

6 9,35 9,41 9,48 9,53 9,61 9,68 9,75 9,81 9,88 9,95

7 10,01 10,08 10,15 10,23 10,29 10,36 10,43 10,52 10,57 10,65
8 10,72 10,80 10,87 10,95 11,01 11,09 11,17 1124 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 16,52 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 2252 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 29,95 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 29,95 28,12 29,31 29,48 29,65
24 29,84 30,01 30,19 30,37 30,66 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 86,08 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 44,17 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 50,3C 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
38 66,27 66,63 66,99 67,35 67,72 68,08 68,45 68,83 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 81,69
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
49 117,41 118,00 118,59 119,17 119,79 120,37 120,99 121,57 122,19 122,80
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determine the uniformity of the readings. Four cases may be identified as follows.
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Before the commencement of observations, the pressure at the measuring section shall be surveyed to

a) Where the difference in pressure between any of four wall tappings constructed in accordance with 7.2.2.2 is
less than 5 % of the arithmetic average, then these tappings may be interconnected by a manifold as shown in
Figure 2 and the pressure so measured taken to be the average gauge pressure.

b) Where the difference between any of the measurements at these four wall tappings is greater than 5 % but
less than 10 % of the arithmetic average, then the tappings shall be replaced by a Pitot-static tube. This shall
be inserted into the airway at the points defined and under the conditions stated in 7.2.2.4. Provided the
difference between each of these four readings and thelr arlthmeuc average is less than 10 %, then this
average may & 1 in the manner
descrilped in 7.2.2. 2

c) Whergthe difference between any of these four Pitot-static readings and the arithmetic average is greater than
10 % but less than 15 %, then a full traverse shall be taken in accordance with the requirements of 6.2.1 and
at posttions as defined in 8.4. The arithmetic average of all readings shall be taken.

d) Wherg the difference between any traverse reading and the arithmetic average_of the traverse ¢xceeds 15 %
of thg average, then the pressure measurement plane shall be cofsidered unsatisfagtory for site
measyrements.

The methogl described under c¢) above may also be used for situations which comply with a) and b).

7.1.3 If donveniently close to the fan, the "test length" selected for air flow measurement shall also be used for

pressure measurement. Other planes used for pressure measurement shall be not closer than 1,5 Df from the fan

inlet and ng closer than 5 D¢ from the fan outlet (Figure 3). It may be shorter, provided that the flow ¢onditions are
checked fof stability. The plane of pressure measurement shall’be selected at least 5 Dg downstream of any bend,
expander gr obstruction likely to cause separated flow or agtherwise interfere with uniformity of pressute distribution.

The fan sh
plane chog
determined

7.1.4 WH
measurem
connected
velocity.

7.2 Mea

all be taken to include all appartenances sueh' as inlet boxes, dampers, diffusers, etc. In
en for pressure measurements shall be‘such that the mean air velocity at the plane

all cases the
can also be

either by calculation from readings taken elsewhere or by direct measurement by the travgrse method.

ere a fan is connected directly~to a plenum chamber on its inlet or outlet side
bnt plane shall be located as_¢lose as possible to the face of the plenum chamber to wh
50 that the points of pressureymeasurement are, in fact, in "dead zones" where there is no

surement of fan pressure

7.2.1 General

Care shall
are taken r
possible th

pe takenite’ ensure that the measurements of the static pressure on the inlet and outlet si
blative to the atmospheric pressure, or to that existing within a common test enclosure. W
b method given in 7.2.3.4 should be used.

the pressure
ich the fan is
significant air

Hes of the fan
hen this is not

7.2.2 Measurement of static pressure on site

7.2.2.1

7.2.2.2

This shall be carried out using a manometer as described in 6.1.2 to 6.1.4 in conjunction with wall
tappings or with the static pressure connection of a Pitot-static tube as described in 7.1.2.

Under conditions of reasonably uniform flow [case a) of 7.1.2], free from swirl and sep

aration, static

pressure may be measured by use of four wall tappings (see Figure 2) evenly spaced around the perimeter of the
duct (and in the centre of the sides in the case of a rectangular duct) (Figure 4) provided such tappings are finished
flush and free from burrs inside and the adjacent duct walls are smooth, clean and free from undulations and
discontinuities (Figure 5).
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Key

1 To manomgter
2 Airway

Higure 2 — Tapping connections to obtain average static pressure in circular airway
(shown inter-connected to-single manometer)

2150, 250

Key

1 Fan

Figure 3 — Location of pressure measurement planes for site testing
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b
2 Minimurp of four taps, located 90° apart and near the centre of each wall.
b Static pfessure measurement required at each tap. Use the average of the meastirements as the static p
plane.
fFigure 4 — Tapping connections to obtain average static pressure in rectangular airway
(separate manometer connections shown)
> 923
i
|
1
: |
o~
Al . | N
| S
|
|
®a
Key

@D Airway diameter
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Figure 5 — Construction of wall pressure tappings
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7.2.2.3 Care shall be taken to ensure that all tubing and connections are free from blockage and leakage.

Before the commencement of any series of observations, the pressure at the four side tappings should be
individually measured at a flowrate towards the maximum of the series. If any one of the four readings lies outside
a range equal to 5 % of the rated fan pressure, the tappings and manometer connections should be examined for
defects, and if none are found, the flow shall be examined for uniformity.

7224 At the appropriate pressure measurement plane in a circular airway, a minimum of four points shall be
selected equally and symmetrically spaced around the axis at approximately 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 each wall.
Under steady flow conditions, a static pressure reading should be taken at each point and the average calculated.

7.2.2.5 Where the pressure measurement plane is located adjacent to the fan inlet or outlet in archamber, the
static pressurg may be measured by use of either wall tappings or a Pitot-static tube suitably located.to fransmit the
static pressurg to a manometer.

7.2.3 Distinction between installation categories

7.2.3.1 Geperal

ISO 5801 recpgnizes four installation categories, according to which the fan performance may vary:
— Type A: free inlet, free outlet,

— Type B: free inlet, ducted outlet,

— Type C: ducted inlet, free outlet,

— Type D: ducted inlet, ducted outlet.

When testing fit is essential to ensure that the inlets 0f-Types A and B fans are unobstructed. Failure to gbserve this
will result in [an additional unmeasurable resistance. Guidance on the desirable free space may he found in
ISO 5801.

7.2.3.2 Type Ainstallation

This Internatipnal Standard describés)methods of flowrate and pressure measurement for use in ducts,|and is not,
therefore, applicable to Type A unducted situations.

7.2.3.3 Type B installation

Where a fan |s installed-as a blowing fan under category B conditions (Figure 6), the average gauge pressure at
the test sectign on the'outlet side of the fan shall be measured in accordance with 7.2.2.

The referenca_(ar effective) pressure is in this case the fan pressure p- defined as the gauge stagnation pressure
Pesgz at the fan outlet minus the gauge stagnation pressure pesgs at the fan inlet (in this case zero).

The gauge stagnation pressure pegqp is given by the equation:

Pesg2 = Pe2 * Pd2 (FMm2)

where the Mach factor Fy at any station x is given by the equation:

Ma? Ma* Ma®
+ + F..
40 1600

FM =1+
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and the value of local Mach number May at that station is given approximately by the equation:

Ma, = ——dm/PxAx
JxRy (ty +273,15)

When the air may be considered as incompressible (pr < 2000 Pa, May < 0,15 or by agreement between the user
and manufacturer) then Fy;» = Fjyg = 1 and the following method is applied.

The gauge pressure pgp at the fan outlet is calculated by adding an allowance for friction ({5.4)4p44 (See annex D)

to the gauge pressure pgs measured at the test section on the outlet side. A correction for any difference in cross-
section area up to 7 % at the two stations shall be allowed.

3

\ |

B B %F____J)_

Key

3 isfan

Figure 6 —='Type B installation

The formulf for gauge pressure pgy is:

2
A
Pe2 =|Pesa — Pd2 [1— [A—Z] }“(424)4 Pda
4

The conventional dynamic pressure at any station x in the airway is given by the equation:

2
b = p Vi x oM Om
dx X Ty 2 py | A

P

Rulta T

where py £P3 =pa=pa =

73715)
The fan pressure pg is calculated by the equation:

PF = Pesg2 — Pesg1l = Pesg2

2
A

Pesg2 = Pes — Pd2 [1—[A—2] } + ({2-4)4 Pda + Pd2 = Pea + Paa [1+({2-4)4]
4
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where ({5 4)

The fan static

PsF = Pe2

EXAMPLE

Y
=2 L,

pressure pgf is given by the equation:

— Pesg1 = Pe2

Pesg1 = 0 Pa; peg = 932 Pa; pyy = 60 Pa; vipp = 10 m-s1 Fyp = 1; py = 1,2 kg:m=3; pgp = 60 Pa; ($3.4)4 = 0,35; Ap = Ay

Then pg = 932

When pg = 2
33, should be

7234 Ty

Where a fan
the test sectig

The reference
pressure pe

Key
4 Fan

-0+0,35x60+60x10=1013 Pa

000 Pa and/or May > 0,15 the methods described in ISO 5801:1997, subclauses.14.4 to
applied.

pe C Installation

s installed as an extract fan under category C conditions (Figure 7), the average gauge
n on the inlet side of the fan shall be measured in accordance with )2.2.

e (or effective) pressure is in this case the fan static pressdrepsg, defined as the gauge
it the fan outlet (in this case 0) minus the gauge stagnationpressure pesg; at the fan inlet.

L

Figure 7 — Type C installation

The gauge stagnation pressure at the fan inlet pagg1 is given by the equation:

14.9.1 and

bressure at

stagnation

Pesgl = Pe1 * Pd1 (Fm1)

where the Mach factor Fyy at any station x is given by the relationship:

FM =1+

32

Ma®
1600

Ma? Ma?
+
40
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and the value of local Mach number May at that station is given approximately by the equation:

Ma, = ——dm/PxAx
JxRy (ty +273,15)

When the air may be considered as incompressible (pr < 2 000 Pa, Ma, < 0,15 or by agreement between the user
and manufacturer) then Fy;; = Fy3 = 1 and the following method is applied.

The gauge pressure pe; at the fan inlet is calculated by substracting an allowance for friction ({3.1)1pq1 (see
annex D) from the gauge pressure pez measured at the test section on the inlet side. A correction for any difference
in cross-section area up to 14 % at the two stations shall be allowed.

The formulf for gauge pressure pe; is:

2
A
Pe1 =|Pe3 — Pd1 [1— [A_lJ }— (§3-1)3 Pa1
3

where

(¢3-1) :{Di} L31

H

2
and ({3-1)p =({3-1)3 (:—;]

The conventional dynamic pressure at any station x in.the airway is given by the equation:

2
Pax = VI%_X_ 1 Am
dx Px > 2 oy | A

Pa
Ry (5 273,15)

where py = po =ps=pa=

and the fan static pressure pggyis calculated as:

PsF = He2 — Pesg1l = 7Pesg1

2
A
=1 peat Pa1|1- [A—;J 1+ (¢3-1)3 Pd1— Pd1

2
=—Pe3 + Pa1|({31)1— [2—;} }

=— Pe3 + Pas [({31)3 —1]

The fan pressure pg may be calculated as:

PF = Pesg2 — Pesg1 = Pd2 — Pesg1 = PsF * Pd2
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NOTE
positive.

EXAMPLE

pe3 Will be negative and numerically greater than the negative terms in the expression; consequently psg will be

Pe2 = 0 Pa; pe3 = =1 000 Pa; vy = 10 m-s~; Fyy = 1; pa = 1,2 kg'm=3; py; = 60 Pa; Ay = Ag; ({3.1)3 = ({3-1)1 = 0,2

Then pr=1000+ 0+ 0,2 x 60 -60 x1,0=952Pa

When pg > 2 000 Pa and/or May > 0,15 the methods described in ISO 5801:1997, subclauses 14.4 to 14.9.1 and
34 should be applied.

7235 Ty

Where a fan
the test sectid
accordance w

The referencsd
Pesgz at the f4

Key
5 Fan

be D Installation

ith 7.2.2.

5

s installed as a booster fan under category D conditions (Figure 8), the average gauge pfessures at
n on the outlet side of the fan and at the test section on the inlet side of the fan-shall be measured in

(or effective) pressure is in this case the fan pressure pg defined as the-gauge stagnatign pressure
n outlet minus the gauge stagnation pressure pesg; at the fan inlet.

Figure 8 — Type D installation

The gauge stagnation pressure at the fan outlet peggp is given by the equation:

Pesg2 = P

o + Py (Fiv2)

and the gaugs

P Stagnation pressure at the fan inlet pesg1 by the equation:

Pesg1 = Pe1 — Pd1 (Fm1)

where the Mach factor Fy at any station x is given by the relationship:

FM =1+

34

Ma? Ma* Ma®

+ +...
40 1600
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and the value of local Mach number May at that station is given approximately by the equation:

_ Om / PxAx
* JkRy (ty +273,15)

Ma

When the air may be considered as incompressible (pg < 2 000 Pa, May < 0,15 or by agreement between user
and manufacturer) then Fy1 = Fpm2 = Fpz = Fuwa = 1 and the following method is applied:

o Pa
PxTPLT P2 P3T AT o= B e

The fan prgssure pg is given by the equation (see 7.2.3.2 and 7.2.3.3):

PF =|Pesg2 — Pesg1

Pe2 + Pd2 — Pe1 — Pa1

2 2
A A
Pes — Pd2 [1— [A—Z) }%?(2-4)4 Pd4a + Pd2 — Pe3 + Pd1 [1— [A—;J } + ({31)1 Pd1 | Pd1
4

H Peq + Paa [1+(£2-4)2] —Pes + Paz [(£3-1)3 —1]

where

h4

($2-a)a = {Di} Loy
A
(C31)g = {D—M} L31

A2
and (¢'3.1){ =({31)3 (A_;J

(see annexy D).

The fan stgtic pressure psg is given by:

Psk =|Pe2 “Pesg1

= Pesg2 = Pd2 = Pesg1

= Pr— Pa2

EXAMPLE (all pressures are in pascals)

Pesa =520 Pa; pya=pgr=60Pa; pez=-390Pa; p,=12kgm=3; pgz3=pq1=50Pa; A =A; and A=Ay
(62-4)4=0,35; (¢3.1)1 = ({3-1)3 = 0,26;

Then pg =520 -0+ 0,35 x 60 + 60 x 1,0 — (-390) + 0 + 0,26 x 50 -50 x 1,0 = 954 Pa

When pg > 2000 Pa and/or Ma, > 0,15 the methods described in ISO 5801:1997, subclauses 14.4 to 14.9.1 and
33, 34, 35, should be applied.
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7.2.3.6 Booster fans when used in mines

In the case of an underground booster fan, it is not usually possible to measure the gauge pressures in the airways
on each side of the fan relative to an ambient pressure; the gauge pressure difference Ape between the outlet and
inlet sides of such a fan shall be measured by the following method.

The gauge pressure Apes at the test section on the inlet side of the fan relative to the static pressure at the centre
of the test section on the outlet side of the fan is measured by a gauge pressure tube traverse at the inlet side test
section in association with a differential manometer and a stationary static pressure tube in the centre of the outlet
side test section (pe3 is hormally negative). The gauge pressure pes at the test section on the outlet side of the fan,
relative to static pressure at the centre of the test section on the inlet side of the fan, is also measured in a similar
manner (pe4 is_normally positive).

The gauge piessure pgc at the centre point of the test section at the fan outlet is measured relative)tg the gauge
pressure at the centre point of the test section at the fan inlet (pgc is normally positive).

The value of Ape is obtained from the following equation:
APe = Peq) — Pe3 — Pec

The fan presgure pg is obtained from the equation:
PF = Psg2|[— Psg1

= APe [* Pda — Pd3 + $(2-4)4 Pda + {(3-1)3 Pd1

NOTE It i anticipated that velocities in mine airways will never-be high enough for the Max < 0,1 threghhold to be
exceeded.

8 Determlination of flowrate

8.1 Choicé of measuring method

The flowrate in a section of the actual aifway may be determined in two ways: either by determining thg velocity at
various pointg in this section and calculating the mean velocity; or by measuring the pressure difference produced
by a differential pressure device J(arifice plate, Venturi tube, nozzle). The choice of measuring methpds will be
based on the following considetations.

a) Measurements obtained.by velocity area methods may be time consuming and require delicate nmanipulation
but they [are, in many-cases, the only appropriate methods. It is desirable to carry out a prelimipary test to
determing the conditions (number of readings and duration of observations) in which such measurements are
to be taken.

b) Differentiplpressure devices make it easy to obtain a properly reproducible measurement of the mgan value in
time of the flowrate even when these measurements are taken by different people at different times. Their use
is, in particular, restricted by their own resistance, the required straight length of ducts and the need to use
them in ducts of circular cross section.

8.2 Choice of measuring section

8.2.1 Freedom from swirl and straightness of flow
The section for measuring the flowrate shall be selected such that there is no appreciable swirl of fluid in it and

such that the flow lines are approximately parallel and very close to the direction perpendicular to the plane
measurement.
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< Pd = Pd
(= Pd)/10 (= Pd)/10
| |
T T
|
=
a) ldeal pq distribution NOTE Also satisfactory for flow into fan inl«Lts, but may be
unsatisfactory for flow into inlet boxes;.may pfoduce swirl in
boxes.

b) Good pq distribution

IA

Pd = Pd
Pd)/10 (< Pd)/10

60 %

NOTE More than 75 % of py readings greater thian NOTE Less than 75 % of pq readings greater than
Pdmax/10 (ur|satisfactory for flow into fan inlets or inlet boxes).  pymax/10 (unsatisfactory for flow into fan inlets or{inlet boxes).

c) Satisfactory pq distribution d) Unsatisfactory pgq distributipn
= Pd
(=[Py)/10
= Pd

X

3
\ (I
—1 = — LN
\ \m

/:I |
e X
S M
NOTE Less than 75 % of pq readings greater than NOTE Less than 75 % of pq readings greater than

Pdmax/10 (unsatisfactory for flow into fan inlets or inlet boxes). pymax/10 (unsatisfactory for flow into fan inlets or inlet boxes).
e) Unsatisfactory pg distribution f) Unsatisfactory pq distribution

Figure 9 — Typical dynamic pressure distributions encountered in dynamic pressure measurement planes
in fan system installations
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In cases where it is difficult to satisfy these conditions, it is permissible to add an anti-swirl device upstream of the
measuring plane by agreement between the parties. This device shall be positioned in relation to the measuring
plane such that the flow is almost axial and free from swirl in this measuring plane. This device shall not affect the
flow conditions at the intake and discharge of the fan. It is also permissible to modify the airway over a limited
length, by means of an internal lining, for example, in order to improve the shape of the cross section of
measurement.

Finally, if it proves impossible to find a plane fulfilling the above conditions, a plane for measuring the flowrate shall

be selected by common agreement, but it is stressed that this will affect the accuracy of the measurement.

8.2.2 Acceptability of velocity profile

The velocity
considered aq
the maximum

8.3 Detern

Standardized
without prelim
required for th

Differential p
lengths descr
conditions exi
data given in

The use of nag
the choice o
standardized
are:

a) attheinle

b) at the ouflet of the duct: an orifice plate,‘a nozzle, a Venturi tube.

8.4 Detern

8.4.1 Genet

8.4.1.1 A
instrument in

8.4.1.2 Tl
conditions arg

distribution should be uniform throughout the traverse plane. This uniformity of. di
ceptable when more than 75 % of the dynamic pressure measurements are greatertha
measurement (see Figure 9).

nination of flowrate using differential pressure devices

differential pressure devices constructed and used in accordance Wwith 1ISO 5167-1 ma
inary calibration provided that it is ensured that the flow conditions existing for the extrem
e test are acceptable and allow the use of the numerical data given-in this International Sta

essure devices involving the primary elements defined in JISO 5167-1 but used with
bed in annex C may be used without preliminary calibration ‘provided that it is ensured t
sting for the extreme flowrates required for the test are acceptable and allow the use of the
his International Standard taking into account the requirements of annex C.

n-standardized differential pressure devices is permitted provided that the supplier and us
the device and the method of calibration\which shall have the same accuracy as
device. The non-standardized differential pressure devices which may be used in these

t of the duct: an orifice plate, a nozzle; a Venturi tube, a flared inlet or a conical inlet or a B

nination of flowrate by.velocity area methods

al recommendations

s far as possible, the mean velocity shall be sufficiently high to allow the use of a
he range-where there is a high level of accuracy.

he flow measurement plane shall be located in any suitable straight length where

of the disturba

8.4.1.3

s’l‘tribution is

a tenth of

1y be used
e flowrates
\ndard.

e straight

Ilh
at the flow

b numerical

br agree on
that of the
conditions

orda inlet,

measuring

the airflow
ue account

substantially axial, sy mplies taking d

aA itself.

If possible the flow measurement plane shall be chosen in a straight length of airway of uniform cross

section, free from any obstruction which might modify the flow in the measuring plane. This straight length, known
as the test length, shall be at least twice the hydraulic diameter Dy, of the airway.

The flow measurement plane should, if possible, be at a distance of at least 1,5 Dy, from the fan inlet if located on
the inlet side of the fan or at least 5 Dy, from the fan outlet if located on the discharge side of the fan.

The adoption

of these minimum distances does not imply that the requirements of 8.4.1.2 are fulfilled.

If it is not possible to choose a measuring plane which fulfills these conditions, its position shall be chosen by
common agreement between the parties. In this case, the validity of the results shall be the subject to mutual

agreement.
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A sufficient number of measuring points in the cross section shall be selected having regard to both
the wall effects and possible velocity variations in the central area.

When measuring the flowrate by velocity area methods, the flowrate shall be kept as constant as
possible throughout the procedure.

For this purpose, the necessary precautions shall be taken to keep the following factors as constant as possible

throughout
a)

b)

the whole procedure:

the equivalent orifice or the resistance of the airway expressed in any other terms;

the speed of rotation of the fan;

c)

8.4.1.6
under labo
though the

the prg

reading sh
determined
square roo,
times until

ssure and temperature of the fluid in the system.

When carrying out a dynamic pressure (or velocity) traverse under site conditions and, t¢ some extent
atory conditions also, it is not uncommon to notice some fluctuation of the reading/at a single point even
total flowrate and system resistance are kept substantially constant. ThisDis due to the nature of
turbulent flyiid flow where slight random changes of velocity profile do occur. For this-teason a good Visual average
|l be taken at each traverse point over a period of not less than 15 s The total flowrate|shall then be
from the area of the duct and the average of all the separate velacity readings or the gverage of the
[s of all the dynamic pressure readings. The complete traverse,should then be repeated one or more

the flow measurement calculated from two successive traverses{does not differ by more

han 2 %. The

mean of thpse two measurements should then be taken as the correct value.

8.4.2 Sitihg of measuring points

8.4.2.1 Seneral

The measyring probe should be located in the duct with a tolerance equal to the smaller of the |following two
values:

a) —0,05|y (y being the distance of the probe.to\.the nearest duct wall);

b) -0,00% Ly (Lp being the inner dimension, of the duct perpendicular to the nearest wall to the probg).

If one or other of these tolerances is less'than 1 mm, the tolerance shall be taken as 1 mm.

8.4.2.2 Circular sections

For circulay sections the mean diameter is taken as equal to the arithmetic mean of the measured palues on the
basis of af least three“diameters of the measuring section, with roughly equal angles between| them. If the
difference petween two adjacent diameters is greater than 1 %, the number of diameters measpred shall be
doubled.

The dimengionsof the duct in the plane of the measuring section shall be determined with an unceftainty of less
than 0,25 %-

The minimum number of measuring points is 24. The measuring points shall be spread over a minimum of three
diameters with at least three points per radius, in accordance with the provisions set out in one of the following two
methods: log-Tchebycheff or log-linear.

By way of example, it is possible to take four diameters with three measuring points per radius (see Figure 10) or
three diameters with four measuring points per radius (see Figure 11).

The Tables 2 and 3, respectively, give the siting of the measuring points on the basis of the log-Tchebycheff and
log-linear rules, viz:

for three points per radius (Table 2);

for four points per radius (Table 3).
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b) Log-liner method

Figure 10 — Siting of measuring points in a circular section with four diameters and three measuring
points per radius
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b) Log-liner method

Figure 11 — Siting of measuring points in a circular section with three diameters and four measuring
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Table 2 — Three points per radius

boint log-Tchebycheff log-linear

y/D y/ID
1 0,032 0,032
2 0,137 0,135
3 0,312 0,321
4 0 688 0679
5 0,863 0,865
6 0,968 0,968

Table 3 — Four points per radius

Point log-Tchebycheff log-linear

y/iD y/D
1 0,024 0,021
2 0,100 0,117
3 0,194 0,184
4 0,334 0,345
5 0,666 0,655
6 0,806 0,816
7 0,900 0,883
8 0,976 0,979

The mean vdglocity in the duct is obtained by calculating the arithmetic mean of the velocities at th¢ individual
points.

The volume flowrate shall be caléulated by multiplying this mean velocity by the area calculated using the mean
diameter.

8.4.2.3 Anhular sectigns immediately upstream from an axial flow fan

The velocity area method may be used for measuring the flowrate in annular sections provided that the following
conditions arg fulfilled.

a) The minimum number of equally spaced radii shall be six.

b) The minimum number of four measuring points per radius shall be spread out along the radii in accordance
with the log-linear rule.

The positioning of the measuring points (Figure 12) depends on the value of the ratio of the diameters D,/D
and is given in Table 4 (for four points per radius). For intermediate values, the position of the measuring
points will be located by linear interpolation of the data in this table.

The mean velocity shall be obtained by calculating the arithmetic mean of all the velocities recorded in the
section.

c) The flowrate shall be determined by multiplying the area of the cross section by the mean velocity.
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d) To determine the area of the section, the internal diameter and the thickness e of the ring shall be measured
with a common tolerance of 0,25 %.

In order to reduce any eccentricity error, the thickness shall be taken as the mean of the measurements carried out
on the basis of a minimum of four radii spaces at equal angles. If two radial dimensions differ by more than 1 %,

the number of dimensions measured shall be doubled. The internal diameter shall be calculated from the
measurement of the corresponding perimeter. The area of the annular section is given by the expression:

A=r (D, + €e

¢Da e

o0

Figure 12 +— Siting of the measuring points for an annular section with three diameters and foyr measuring
points per radius
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Table 4 — Point distribution in an annular duct

D,/D - - Values of y/D- .
Point 1 Point 2 Point 3 Point 4
0,05 0,023 7 0,097 3 0,202 4 0,349 8
0,1 0,023 5 0,096 5 0,200 4 0,345 2
0,15 0,023 2 0,095 1 0,197 0 0,336 2
0,20 0,022 8 0,093 2 0,192 4 0,324 0
0,25 0,022 2 0,090 8 0,186 5 0,309 7
0,30 0,021 6 0,087 9 0,179 4 0,293 6
0,35 0,020 8 0,084 4 0,171 4 0,276 1
0,40 0,0199 0,080 4 0,162 2 0,257 5
0,45 0,018 8 0,076 1 0,152 2 0,238 2
0,50 0,017 7 0,071 2 0,141 3 0,218 2
0,55 0,016 4 0,065 9 0,129 6 0,197 6
0,60 0,0150 0,060 4 0,1180 0,176 7
0,65 0,013 6 0,053 8 0,104 3 0,155 4
0,70 0,011 9 0,047 2 0,090+ 0,133 7
0,75 0,010 2 0,040 2 0,076 6 0,111 9
0,80 0,008 4 0,032 9 0,062 0 0,089 8
0,85 0,006 3 0,025 0,047 1 0,067 6
0,90 0,004 4 0,017 1 0,030 6 0,045 2
0,95 0,002 2 0,008 7 0,016 0 0,022 6

8.4.2.4 Reftangular sections

In the case of|ducts with straight rectangular cross sections, the height and length of the section shall be
along the linep given in Figure 13. Ifithe difference between two adjacent heights or lengths is greater th
number of mgasuring points in this_direction shall be doubled. The mean height of the section will be ta
arithmetic mean of all the heights measured and the mean length of the section as the arithmetic meg
lengths measpred.

The area of the section)shall be conventionally regarded as equal to the mean length multiplied by
height.

measured
an 1 %, the
\ken as the
n of all the

the mean

The dimensigns’of the duct required for the calculation of the area of the measuring section shall be

determined

with an uncertainty less than 0,25 %.

The number of cross-lines (parallel to the small side) and the number of measuring points per cross-line shall be a

minimum of 5. It is recommended that the number of cross-lines be increased beyond 5 if the aspect
rectangle (ratio of its length to its height) is very different from 1.

ratio of the

The measuring points are arranged on the basis of the log-Tchebycheff method and Table 5 shows the siting of

these measuring points.

The volume flowrate is equal to the area of the section multiplied by the arithmetic mean of the local velocities

measured at the various measuring points.
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Figlire 13 — Rectangular section with six cross-lines and five measuring points per crogs-line

Table 5 — Point and line distribution;according to log-Tchebycheff in rectangular dyct

Number of cross-lines or
number of measuring
points per cross-line

Point

Xi
Values of T or

Vi

H

0,074
0,288
0,500
0,712
0,926

0,061
0,235
0,437

0,563
0,765
0,939

~N O o WODN BR[O O DMODNPRP[O MM WONDN P

0,053
0,203
0,366
0,500
0,634
0,797
0,947
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8.4.25

Sections of any other shape

Temporary modifications (for instance the insertion of a low resistance lining) may be used to provide a suitable
test length of rectangular or circular cross section. However, where this is not possible, the volumetric flowrate of
fluid flowing through a straight length of duct or regular, non-re-entrant cross section can, most conveniently, be
determined by a modification of the log-Tchebycheff traverse pattern normally applied to a rectangular cross

section.

8.4.26 Mo

dified log-Tchebycheff traverse pattern

A cross section may be con5|dered to be regular, Wlth the agreement of the partles concerned if a base line can be

such that the
straight line. |
far removed f
from this requ
set out in Figy

In order to be
duct, typified
length. In adg
(Nos. 1 and N
been carried
as shown in H

These take a(

They permit &
line by the li

(between duct

The method ¢
diagram) is se
y= kx—1/p|

The value of
Table 6.

However, in the great majority of installations, it is not easy to make a precise determination of the

involved and,
relatively sma
of 7.

penmeter line of the area crosses the ends of the traverse Ilnes in a relatlvely Smoo
is also desirable that the angle between the perimeter line and any traverse line should
fom a right angle. However, in the procedures outlined below, provision is made.for som
irement in the case of traverse lines in the marginal zones next to the duct wall and in a
res 15 to 27.

able to apply this modified log-Tchebycheff traverse method to the cross section of a non-|
by Figure 14, it is necessary to weight the average velocity for each traverse line in prop
ition, for the highest accuracy, some adjustment shall be made tathe position of the tra
r in the diagram) in the two marginal zones next to the duct wall. A detailed computer a
put to determine the correct position for the two marginal traverse lines in thirteen typical d
igures 15 to 27.

count of the effects of both duct friction and wall shape.
L very simple determination of volume flowrate by. multiplying the average velocity for ea
ne length, summing this product for all the traverse lines and multiplying the sum by

walls) of the chosen base line and dividing by the number of traverse lines.

f determining the precise position of traverse lines in the marginal zones (Nos. 1 and N;
t out in 8.4.2.7 and annex B, and invelves the use of the equation:

D) is dependent on the wallroughness and the Reynolds Number, and is set out in gene

as the variation’ of the position of the marginal traverse line for p; values between 5
Il, the mardinal traverse line positions set out in Figures 15 to 27 are all based on the mg

angles to it
h curve or
be not too
e deviation
| the cases

rectangular
prtion to its
verse lines
halysis has
uct shapes

Ch traverse
the length

in Figure 14

al terms in

harameters
and 10 is
an py value
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Key
L is the bgseline length.
L, is the traverse length.
Na s the tjaverse line.

Figure 14 — Regular but non-rectangular or circulareross-section duct showing sample distribution of
traverse lines and measuring points

Table 6 — Value of p'as a function of the surface roughness of the walls
and of the Reynolds number

Roughwall with low Reynolds number p=5
Reugh wall with high Reynolds number or p=7
smooth wall with low Reynolds number '

Smooth wall with high Reynolds number p =10

Instructiong fer carrying out this procedure for any duct shape corresponding to one of those in Figurep 15 to 27 are
as follows.

a) A '"baseline" shall be chosen parallel to the major axis of the duct cross section.

b) Velocity measurements shall be taken at prescribed points along at least six parallel traverse lines at right
angles to the baseline and at right angles to the axis of flow.

c) Traverse lines numbers 2 to (N, — 1) shall be distributed along the baseline according to the log-Tchebycheff
rule (see Table 5).

d) Traverse lines 1 and N; shall be placed in accordance with the appropriate table adjacent to Figures 15 to 27.

The value of p; in these tables shall be selected from Table 6 and if no specific determination of wall roughness
can be made, then the value p; = 7 should be used.
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e) At least six measuring points shall be located along each traverse line in accordance with the log-Tchebycheff
rule (see Table 5). Where any traverse line is very short, the number of measuring points may be reduced to 5
but the total number of measuring points for the whole area shall not be less than 35.

f)  Velocity measurements shall be taken at the prescribed points and the arithmetic mean velocity for each
traverse line shall be determined.

g) The volume flowrate for the whole airway is found by

1) multiplying the arithmetic mean velocity for each traverse line by the line length,

2) summing the values so obtained _and

3) multiplying this sum by the baseline length between duct walls and dividing by N,.

v =[]1D) + V2 12) oo )]

r
where
gy is th¢ total volume flowrate;
vn Is the arithmetic mean velocity for line x;
In is the length of traverse line x;
N; is th¢ number of traverse lines;

L is the base line length between duct walls.

Several configurations are now examined:

/ N X Xy
| = L L
SR A
: o 6 0,074 0,939
I - 0,064 0,947

Figure 15
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Figure 20
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8.4.2.7

shapes in Figures 15to 27

Cases where the duct cross section does not correspond sufficiently closely to one of the

Provided there are no abrupt changes of wall contour, the one or two marginal segments of width L/N, at one or
either side of the duct cross section are dealt with in the following manner.

Figure 28 shows a family of curves of the equation:

y = kx-1/p,

where pjis eq

ual to 7 (see 8.4.2.5) and k varies from 0 to 1.

The width of

being considg

following absg

0,054

At the end of

|
the sum of -3
a

1. 0,09
a

From the top

the curve rep

The abscissa

. . . . . . a
he base up to the vertical line of abscissa 1 represents the dimensionless width — ‘of; t
a

. . . . . [{ 1 I
red. On this should be plotted the vertical dimensionless heights gl, zz to ;5 ofthe seg

issae:

0,242 0,509 0,774 0,954

the segment, abscissa = 1 as in Figure 28, mark off a vertical-height or ordinate I_a corres
to %51 with the following weightings:
3 l—l + 0,196 |—2 + 0,255 |—3 + 0,226 |—4 + 0,115 |—5

a a a a a
pf 7 (abscissa 1, ordinate I—a) trace a ling parallel to the family of curves to the point where
esenting the upper wall of the segment (ordinates Igl to %51).

b of this point is the correet\dimensionless abscissa of the traverse line for this segment. T

of the traversg line from the segmentwall is equal to b x a.

The above in
fuller explanal
mathematical

Structions apply fer-the general case where the value of the coefficient p in Table 6 is tal
ion of the procedure including other values for p; is given in annex A. A more general treat
process useddn determining the traverse line in the marginal zone is given in annex B.

9 Determ

ination of power

e segment

ment at the

ponding to

t intersects

he distance

enas 7. A
ment of the

9.1 Definition of performance characteristics relating to the power of a fan

9.1.1

the fan ai

the impel

9.1.2

The principal performance characteristics used are defined as follows:

r power Py is the product of the mass flowrate gy, and the fan work per unit mass vy;

ler power Py is the power outlet to the fan impeller.

It is seldom possible to determine the impeller power directly, due to difficulty in evaluating the losses in the

bearings supporting the fan shaft. However, it is useful to know this power in order to establish the basis

characteristic

54

of the fan.
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The fgn shaft pewer P, is the mechanical power output to the fan shaft by the drive. It inclu

bearings, in sealing glands, in bearing cooling devices, etc.

Motor
is dire

son, one of the\following values defined in a), b) and c¢) should preferably be measured.

shaft\power Py is the power available to the shaft of the drive. It is only equal to power Py
tly-driven

des losses in

when the fan

In other cases:

Pa = 1t Py

where 7, is the drive efficiency.

Reasonably precise determination of the drive efficiency is difficult for small power ratings.

Motor input power Pg is the power output to the drive input. It is also the total power absorbed by the unit. In
the case of drive by electric motor, it is the electric power input to the motor terminals. In other cases, the input
power shall be determined from the consumption of fuel, steam, compressed air, etc. in the manner agreed
between the parties concerned.
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9.1.3 From these powers, the following efficiencies can be defined: the fan efficiency 7, the fan shaft efficiency
1, the fan motor efficiency 7y, and the overall efficiency 77, which are obtained by dividing the fan air power P, by
the impeller power, fan shaft power, motor output power and the motor input power, respectively.

Only the performance efficiency reflects the utilization capacity of the power output to the impeller.

The overall efficiency (or unit efficiency), used for motorized fans involves losses in the transmission system and in
the drive, in addition to mechanical fan losses.

9.1.4 Agreements between the supplier and purchaser shall always clearly state which power and which
efficiency the test should allow to be checked.

9.2 Losses during transmission of power from the motor to the impeller

of tests on site are to be compared with fan performances resulting from bench testing) the power

h should be defined in the same way in both cases.

If the results
input to the fa|

notor shaft,
t power. In

When it is ne
an appropriat|
order to deter

Cessary to determine the fan shaft power, unless the impeller is directly mounted on the 1
b allowance for losses in the transmission system shall be deducted ffom’ the motor shal
mine these losses, the method to be used shall be agreed with the supplier of the fan.

If it is necessary to determine the impeller power, bearing and other transmission losses shall be deductgd from the
motor shaft ppwer. The value of this term shall be determined by agreement between the parties.

9.3 Methogs for determination of power

9.3.1 Genelal

ain the power supplied to the fan, with the needed accuracy level, the mean of a sufficienf number of

bults shall be taken.

In order to ob
measuring re

The drive shaft power may be determined by applying several methods. It may either be measured|directly by

means of a tg
terminals of tf
the summatio
a.c. motors, e
of the motor,
motors identid

For electrical

rquemeter or, in the case of a drive’by electric motor, deduced from the electrical power
e motor. In this latter case the' power output of the motor is deduced from its electrical pov
n of losses method. For this\purpose, measurements of voltage, current, speed and, in

ectrical power input and slip of induction motors shall be made for each test point and no-
when uncoupled from(the fan, shall be measured. Alternatively, data concerning the perf
al to that used or performance of a motor which has been calibrated beforehand may be u

instruments, the/electrical input to the motor during the fan test shall be measured by

nput to the
er input by
he case of
oad losses
brmance of
sed.

one of the

following methods:

a) for a.c. motors, by the two wattmeter method or by an integrating watt-hour meter and a timing devid

b) for d.c. motors, by measurement of the input voltage and current.

9.3.2 Determination of fan shaft power by means of a torquemeter

The torque which has developed in the fan shaft may be measured by a torquemeter installed between the fan and
the transmission system or motor which drives it. The power is calculated by multiplying the torque thus obtained
by the rotational speed which has been carefully measured.

The appliance shall have an accuracy greater than 1,5 % of the torque value to be measured so that the power
may be determined with an accuracy of 2 % if the rotational speed is measured with an uncertainty of 0,5 %.

Subject to agreement between the parties, the data relating to the static calibration of the appliance may be used,
which shall be considered independent of the speed. In this case, the tests should be carried out in the same
conditions as for the calibration.

56 © IS0 2001 — All rights reserved


https://standardsiso.com/api/?name=47ce2c20ad0be5ae5093ef813cb3b325

ISO 5802:2001(E)

In some cases, the appliance should be calibrated in the conditions encountered during the in situ tests, by an
authority recognized by the parties, immediately before and after the tests and without any modification having
been made to the state of the appliance. The torque shall be measured while the load increases and care shall be
taken that, during the readings, the load at no time decreases. When the load decreases, similar precautions shall
be taken. If the difference in torque on loading and unloading is greater than 1,5 %, the torquemeter shall be
considered unsatisfactory. In the opposite case, the mean of the measurements on loading and unloading shall be
retained. The mean of the two calibration curves obtained before and after the test shall be used as the calibration
curve for the calculations; provided that the two values measured do not differ by more than 1,5 %.

9.3.3 Determination of the mechanical power output by the electric motor by means of the separate
losses method

9.3.3.1 Seneral

The shaft gower of the electric drive motor may be calculated by multiplying the electrical input lpower P measured
at the term|nals by the motor efficiency estimated by the separate losses method.

The estimgtion of losses is carried out differently depending on whether a three-phase alternating cufrent motor or
direct currgnt motor is being concerned.

The lossed of an electric motor may be measured by a calorimetric method ‘as described in IEC 60J034-2A or by
one of the methods described in IEC 60034-2.

9.3.3.2 Case of fan driven by a three-phase induction motor
The followipg losses shall be taken into consideration.
a) Constpnt losses:
— logses in active iron, and additional no-load<dosses in other metal parts;
— logses due to friction in bearings and-brushes when they are not measured by running;
— tolal windage loss in the machine;
b) Load losses:
— logses due to electricalresistance in primary windings;
— logses due to electrical resistance in secondary windings;
— electrical lesses in brushes (if any).

c) AdditipnaNoad losses:

— losses introduced by load in active iron and other metal parts other than the conductors;
— eddy current losses.

The efficiency may be calculated from the total losses, which are assumed to be the summation of the losses
determined in the following manner.

a) Constantlosses
The sum of the constant losses is determined by running the machine as a motor on no-load. The machine is
fed at its rated voltage and frequency. The power absorbed, decreased by the losses due to electrical

resistance in primary windings, gives the total of the constant losses. The losses due to electrical resistance in
the secondary winding may be neglected.
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b) Load losses

Losses due to electrical resistance in the primary windings are calculated from the resistance of the primary
windings measured using direct current and corrected to the reference temperature, and from the current
corresponding to the load at which the losses are being calculated.

The losses due to electrical resistance in the secondary windings are taken to be equal to the product of the
slip and the total power transmitted to the secondary winding.

The additional load losses are assumed to vary as the square of the primary current. The total value at full load
is equal to 0,5 % of the rated input of the motor.

9.3.3.3 Cape of afan driven by a direct current motor or by a single-phase induction motor

For the determination of the motor efficiency, IEC 60034-2 should be referred to.

9.3.4 Refergnce to the performances of motors identical to the one used
When it is injpossible to use the separation losses method, it is permitted to useé-the data given by the motor
manufacturer|{concerning the performances which can be expected from motors identical to the one usgd for the in
situ test, providing that an agreement between the parties has been concluded on this subject. The data given by
the manufactyirer may be considered as sufficient to determine the power output by the motor from the results of
measuring the electrical input values.
The power developed by the motor during the tests should be*compatible with that developed| when the
performanced were established. The voltage should be stable and'its mean should not deviate by more than 2 %
from the voltage used when the performances were established.
The useful pgwer supplied by the motor corresponds to the"motor input power, and the former can Qe deduced
directly from fables giving one as a function of the other;yor indirectly from tables giving either the efficiency or the
efficiency and the power factor.

In the second|case, the power output by the motonis determined using the equation:

Po = Pe 7fmot

where Pg is measured by means of-a.watt-hour meter for single-phase motors or by applying the twp watt-hour
meter method for three-phase motors?

In the third case, we have:

Pg =cosg Ul 1moat for single-phase motors,

Py =cos¢ J3 0l Mmot for three-phase motors,

where U and | denote the values of voltages and line currents measured during in situ tests. For three-phase
motors, they are the means of the values measured on each phase.

9.3.5 Use of a calibrated motor

The use of the calibrated motor allows the power developed by the motor to be deduced from the power output to
its terminals by using the curves giving its efficiency or useful mechanical power variation as a function of the
electrical input power. These curves which have been drawn up beforehand at the test bench shall be the subject
of an agreement between the supplier and the purchaser. These data shall be used in the same way as in the
previous case (9.3.4).

The data should be established for voltages ranging from a value 10 % lower than the rated voltage to a value
10 % greater than the rated voltage.
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For these measurements the motor shall be allowed to run under load for at least 90 min to ensure that it has
reached a temperature as close as possible to that reached during operation.

In order to use the calibration data, it is advisable to ensure that the power output to the motor is compatible with
that used during calibration, that the phase voltage is stable, and that its mean does not differ from the calibration
voltage by more than 2 %.

In case of any doubt about the stability and values of the frequency of the power supply, it is recommended that a
measurement of the frequency should be made. For this purpose reference should be made to the appropriate IEC

recommendation.

9.4 MeaptHgHstraments

The powers, voltages and currents shall be measured in all cases with instruments either of class'0,5| (according to
IEC 6005118), for which a correction shall be made in accordance with the calibration curve,.or of|class 0,2, for
which no cprrection is required. The choice of measuring instrument shall be such that the-value re¢ad is greater
than half the full scale reading in both case. The current and voltage transformers of the measuring apparatus shall
be chosen|to operate as close as possible to their rated load in order to minimize-errors. These gppliances are
always connected as close as possible to the motor terminals to prevent voltagesdreps in the cables affecting the
measurements.

9.5 Predautions to be taken during in situ tests

Care shall pe taken that the power measured corresponds to the values of mass flowrate and the fan[work per unit
mass being measured.

With this gim, it shall be ensured that during the measurement of these two values, there is mo sudden or
progressivg power variation by carrying out a sufficient nupber of measurements for the input power.

10 Unceyrtainty associated with the determination of fan performance

10.1 Gengral

These test|results will provide an actualvalue for the flow resistance of the airway system which can|be compared
with the vdlue specified and will.alse provide an experimental fan performance point to comparg with the fan
characteristic determined by test'with standardized airways. Discrepancies in either case can be duq to any of the
following:

— leakage, recirculatiop-er other faults in the system;

— inaccurate estimation of flow resistance of the airway system;

— erronepus.application of the standardized test data;

inlet;

errors

excessive loss in a system component located too close to the fan outlet or elsewhere;

inherent in site measurement.

disturbance of the fan performance caused by a bend or other system component located too close to the fan

In many cases site conditions can be such that the accuracy of performance determination will be substantially
inferior to the accuracy expected for fan tests with standardized airways, in which case either a full-scale or model
test with a fan operating in a standardized airway configuration may be required in addition to the site test.
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A site test may form the basis of a fan acceptance test if so agreed between the manufacturer and the purchaser. If
any site test is to form any part of the guarantee between a manufacturer and a purchaser, the manufacturer
should be given the opportunity of inspecting the airway installation or layout drawings before the fan is installed on
site and to agree the best locations for measurements. Before the installation of the fan on site, the manufacturer
should be given the opportunity of indicating if any modifications are likely to be necessary to give a test in
accordance with the requirements of this standard.

Where it is impossible to comply strictly with the recommendations of this International Standard, some
modifications may be agreed between manufacturer and purchaser, but in such cases it should be understood that

the accuracy of the results is likely to be affected.

10.2 Perfor

Any test for fa

n performance is subject to error and the range within which these testing errors may\be ¢

bxpected to

lie is defined, |numerically, as the uncertainty of measurement. In addition they differ from that of anothgr nominally
identical fan qwing to inevitable variations in manufacture. The expected range of this manufacturing vafiation shall
be added to |the uncertainty of measurement to determine the minimum tolerance reguired for a pgrformance
specification. | Such tolerances are not specified in this International Standard but some recominendations
concerning their use are given in 9.3 and 9.4.

10.3 Uncerfainty of measurement

In this Interngtional Standard uncertainty of measurement is expressedias’a percentage of a quantity which is

directly measpred (e.g. pressure) or one which is determined from other measurements (e.g. volume
quoted to 95|% confidence limits which implies that, out of a large\number of measurements havin
statistical distribution, 95 % may be expected to be within the limits specified with 2,5 % above the tg
2,5 % below the bottom limit.

In clause 17 ¢f ISO 5801:1997, the limits of accuracy required for each individual measurement are sp
may also be ftaken as the maximum limits of uncertainty. The uncertainty is expressed as a percen
guantity releviant to the subsequent calculations; for example the temperature t is to be measured to 4

the correspo
temperature.

This example

be £ 0,36 % &

ding uncertainty is taken as £0,5% of the absolute temperature (273 + t) for tes

flow). It is
j a normal
p limit and

ecified and
age of the
1,0 °C but
S at room

also illustrates the "rounding-up” approximation which is appropriate to uncertainty estimation. Taking
the range of atmospheric temperature @s-0 °C to 40 °C, the corresponding exact calculations of uncert

nd £ 0,32 % respectively. This apparent precision would be quite unjustified, however, an

hinty would
l a realistic

assessment i$ = 0,5 %.

10.4 Specifjed uncertainties

The maximun uncertainties of measurement given in Table 7 apply to the quantities determined in accofdance with
clause 17 of ISO 5801:1997, provided the temperature and pressure at the fan inlet or outlet are within|{the normal

atmospheric 1

ange.

10.5 Analysis of uncertainty

10.5.1 General

Basically this analysis deals with the overall uncertainty which will inevitably arise when a series of measured
parameters are combined and referred to specific conditions.

The quantities which are determined from the proposed series of measurements are volume flowrate, fan pressure
rise and fan absorbed power. The probable uncertainty in the determined quantities depends strongly upon the
errors and uncertainties allocated to the individual measurements.
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Table 7 — Maximum uncertainties

Quantity Maximum uncertainties

Atmospheric pressure that is measured by barometer

+ 0
locally calibrated but uncorrected for temperature +0,3 % of pa

Temperature that is measured to = 1,0 °C and

. + 9
expressed in terms of absolute temperature £05%of (273 +1)

Humidity being the uncertainty in air density due to an
uncertainty of £ 2 °C in determining wet-bulb 0,2 % of py
temperature t,, at 30 °C dry bulb temperature

Static prepsure (greater than 150 Pa) combining 1 %

+ 0
manometgr and 1 % reading fluctuation uncertainties 1,4 % of ps or Ap

Area of dlfICt or fan outlet +0,5% of A
Area of 0||ifice or nozzle throat + 0,2 % ofwd2/4
Rotationa) speed of impeller +0,5% of n

Power ingut to impeller, excluding determinations with

S ) e & 2,0 % of P,
significant proportion of transmission losses

Density of atmospheric air, including humidity

P o + 0,4 % of
correctior] in the determination 091 Pa

Density of air in an airway with humidity correction

+ 0
(any fan with pressure ratior < 1,3) 0,6 % of p,

Density of air in an airway without humidity correction
provided In the fan total pressure pg < 10 000 Pa and 0,6 % of py
moisture gontent < 0,015 kg/kg

10.5.2 Inlgt volume flow (or mass flow)

Where the flow conditions meet the requirements specified in 8.2.1 and when flowrate is determined |n accordance
with 8.3, the maximum uncertainties\are as follows:

+ 2,0 % of qy (or £ 2,0 %.0f gy
When swirl|is present ordhe“flow lines are not approximately parallel to each other, the uncertainty wil| increase.

When the flowrate is‘determined in accordance with 8.4, the uncertainties of measurement are as follgws:

— £30 OTO of gy (or gy for measurements taken with a Pitot-static tube in a regularly shaped airway

— £ 3,3 % of gy (or gy for measurements taken with a Pitot-static tube in an irregularly shaped airway;
— *3,5% of gy (or gy for measurements taken with an anemometer in a regularly shaped airway;

— £4,0 % of gy (or gy) for measurements taken with an anemometer in an irregularly shaped airway.

10.5.3 Fan dynamic pressure

The maximum uncertainty is approximately + 4 % of pgp.
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10.5.4 Fan pressure

This depends on the installation category (B, C or D) and the ratio of fan dynamic pressure to fan pressure. The
dependence on these factors of the maximum uncertainty in pg is given in Figure 29 for the case where the inlet
and outlet duct areas are equal to the fan outlet area. Variations from +7 % to -5 % in these areas are not
significant.

10.5.5 Characteristic uncertainty (see Figure 30)

The maximum uncertainty in volume flowrate when tested at a fixed system resistance depends on the slope of the
fan characteristics (see Figure 31). The hatched areas cover proportional slopes from 0 % to —2 % change in pg for

+1 % change fr-gy-are-wilasuath-relade-the-bestefficierey-peirt-on-the-characteristie:

NOTE Sig the proportional slope of the characteristic, i.e. S= Apg/Aqy, the ratio of the percentage change-in fan pressure
to the percentafge change in volume flowrate. Sis negative when the pressure falls as the flow rises.

10.5.6 Fan efficiency

This is shown|[on a separate scale in Figure 31.

(o2

Az=Ays=Ay

vl

~

Uncertainty in fan pressure, %

0 | | |
0 0,25 0,5 0,75

Fan dynamic pressure _
Fan pressure  Kd = Par/PF

NOTE B, C, D are the installation type.

Figure 29 — Uncertainty in fan pressure
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Figure.30 — Example of test for a specified duty
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Figure 31 — Characteristic uncertainty’and fan efficiency uncertainty

10.5.7 Rotational speed

The effect of
expressed in

— ininlet vg
— infan prg

— in charag

bercent as follows:

lume flowrate uncertainty:
ssure uncertaintys:

teristic uncertainty:

from * eq to £ (g2 + 0,25)0.5
from + e, to £ (gy2 + 1,0)0.5

from + e, to + (ex2 + 0,25)0.5

conversion from the test speed to the specified speed is to increase the maximum upcertainties

There is no clange of.uncertainty in fan efficiency.

10.5.8 Uncerntainty in power determination (Electrical methods)

In a three-phase system it has been assumed that the integrating watt-hour meter will make two measurements
corresponding to Wy and W.

The watt-hour meter should be a precision instrument to class index 0.2, i.e. instrument uncertainty in accordance
with IEC 60051-8 is £ 0,2 %. The assessment of input power to the meter will be £0,5% with instruments

operating at 50 % or greater of their full-scale value. If all the conditions of IEC 60034-1 are met, then the meter
efficiency uncertainty will be £ 0,6 % and the overall uncertainty for absorbed power is £+ 2,0 %.

10.5.9 Power absorbed versus volume flowrate characteristics

Construction tolerances should not lead to variation in absorbed power of more than £ 1,5 % with a corresponding
volume flowrate variation.
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Reference to Figure 32 shows that the basic power of the fan shall lie on line a-b, the exact p

osition being

dependent on the flowrate of the fan. At any point on this line a-b, the instrument and measurement tolerances are

applicable.

At the extreme limits of a and b there will be a = 2 % flowrate uncertainty together with a £ 2 % power uncertainty
and this generates a tolerance envelope within which the measured power and flowrate will be expected to lie.
Provided the measured power associated with the flowrate gy lies within the envelope enclosed by ABCDEF, the

fan will be deemed to have met the specified performance in terms of flowrate and absorbed power.

. 2% 2%
[0)
2
2
s E D
2 s
2 +15 % X
Kol F o~
<€
N -
~ BN
~N
N C
~N
A B

Volume flowrate, q,,

2 Target dquty 36,08 m3/s at 628 kW

Figure 32 — Typical example of power versus volume flowrate characteristic

10.5.10 Hressurerise versus yolume characteristics

ers' tolerances shiould not lead to a variation in volumetric flowrate of more than + 1,5 %.
Figure 33 ghows that the_fan pressure rise shall lie on line a-b, the exact position being dependent o)
of the fan. At the extreme limit of a and b there will be a £ 2 % flowrate uncertainty together with a £
rise uncertginty whichn¢ombine to give a tolerance envelope within which the measured pressure risé
will be expécted.

Manufactu

Provided the-measu

Reference to
n the flowrate
2 % pressure
e and flowrate

by ABCD the

v

fan will be
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&  Target duty 36,08 m3/s at 628 kW

Figure 33 — Typical example of fan pressure versus volume flowrate characteristic
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Annex A
(normative)

Position of exploration lines for a marginal wall profile compatible

with a general power law

ral
1

A.1 Genpra

If in a marg
perpendicul

inal zone of a section, the wall profile is such that the length of the segments intercepted b
lars to the base varies according to the law (see Figure A.1):

X

1p’
+(la —1o) (g]

the length at the running abscissa x;

the length at abscissa x = 0;

. L . .
the length at the abscissa x = a (a= — with m=humber of cross-lines).
m

" b . g
b position z= — of the marginal exploration line may be calculated from the transcendental
a

lo +(Ia —1g) 2™ } =lg

1 1
—+

P p

the_exponent of the characteristic law of the evolution of velocities at the wall:

where

Iy is

lo is

g is
The relativg

Z1/pI
with

1 p—

pll/
1 being
Py

vy (y) =
where

Vy(d)

Vy(d)
©1S0 2001 —

(O< y < dfor all values of x)

1/p
w@ (3]

is the velocity at distance y from the wall on the exploration line of abscissa x;

y the walls on

equation:

is the velocity at the measuring point nearest the wall (y = d) on the same exploration line;
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i, is the exponent of the general power law describing the marginal profile of the wall.
P

This transcendental equation is easily resolved by iteration.

The value of p” may be determined graphically by plotting the tangent in x = a at the curve giving the variation of I
as a function of x. Thus (Figure A.1):

o - AC
' T AB
\><
A |
: |
X | & '
< T |
)
X
b
a=I(L/m)
Figure A.1
A.2 Special cases
A.2.1 Iflg =0, the profile follows a power law (see Figure A.2).
\><
A |
/
: |
C X
b
a=I(L/m)
Figure A.2
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The relative position z=— of the marginal exploration line is given by the equation:
a

L, NP
b_| b
a 1+ p|”

1 1 1 ,  AC .
-—— +—— and =—— (Figure A.2
- P AB (Fig )

p” Piop

with

A.2.2 If g’ =1, the marginal section is in the shape of a rectangular trapezium (see Figure A.3).

. " a . - . .
The relativg position z= 5 of the marginal exploration line may be calculated by iteration_from the t

equation:

Ve llg + (1o — 10)2] =lo —Pe 4 (1y —1g) =2
2/ lig +(la = 10)Z] 0p|+1+(a o)2p|+1

\><
A |
B=C |
X
b
a=I(L/m)
la—1g pi

0 0,401 9 0,392 7 0,3855
0,5 0,468 5 0,469 5 0,472 8
1 0,487 1 0,486 9 0,488 2
2 0,500 5 0,498 7 0,497 9

Figure A.3
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