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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
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. IS0 
collaborates closely with the International Electrotechnical Commission 
(I EC) on all matters of electrotechnical standardization. 

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. 

International Standard IS0 5801 was prepared by Technical Committee 
ISO/TC 117, Industrial fans, Subcommittee SC 1, Fan performance testing 
using standardized airways. 

Annexes A, B and C form an integral part of this International Standard. 
Annexes D and E are for information only. 
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Introduction 

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

It was demonstrated many years ago that the codes for fan performance 
testing established in different countries do not always lead to the same 
results. 

The need for an International Standard has been evident for some time 
and lSO/TC 117 started its work in 1963. Important progress has been 
achieved over the years and although the International Standard itself was 
not yet published, the subsequent revisions of various national standards 
led to much better agreement among them. 

It has now become possible to complete this International Standard by 
agreement on certain essential points. It must be borne in mind that the 
test equipment, especially for large fans, is very expensive and it was 
necessary to include in the present International Standard many set-ups 
from various national codes in order to authorize their future use. This 
explains the sheer volume of this document. 

Essential features of the present standard are as follows: 

a) Types of installation 

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

These are: 

- Type A: free inlet and outlet; 

- Type B: free inlet and ducted outlet; 

- Type C: ducted inlet and free outlet; 

- Type D: ducted inlet and outlet. 

A fan adaptable to more than one installation type will have more than one 
standardized performance characteristic. The user should select the 
installation type closest to his application. 

b) Common parts 

The differences obtained by testing the same fan according to various test 
codes depend chiefly on the flow pattern at the fan outlet and, while often 
minor, can be of substantial significance. There is general agreement that 
it is essential that all standardized test airways to be used with fans have 

ix 
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PO rtion s in common adjacent 
en sure consistent determinatio 

to the 
n of fan 

fan inlet 
pressure 

and/or outlet sufficient to 

Geometric variations of these common segments are strictly limited. 

However, conventional agreement has been achieved for some particular 
situations: 

1) For centrifugal or cross-flow fans without outlet swirling flow, it is 
possible to use a simplified outlet duct as described in 30.2 f) without 
straightener when discharging to the atmosphere or to a measuring 
chamber. 

2) For large fans (outlet diameter exceeding 800 mm) it may be difficult to 
carry out the tests with standardized common airways at the outlet 
including a straightener. In this case, by mutual agreement between the 
parties concerned, the fan performance may be measured using the set- 
up described in 30.2 f) with a duct of length 20 on the outlet side. Results 
obtained in this way may differ to some extent from those obtained using 
the normal type D installation, especially if the fan produces a large swirl. 
Establishment of a possible value of differences, is still a subject of 
research. 

d Calculations 

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

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

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

d) Flowrate measurement 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


INTERNATIONAL STANDARD @ IS0 IS0 5801:1997(E) 

Industrial fans - Performance testing using standardized 
airways 

1 Scope 

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

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

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent editions of the standards indicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

IS0 3966: 1977, Measurement of fluid flow in closed conduits - Velocity area method using Pitot static tubes. 

IS0 5167-I :I 991, Measurement of fluid flow by means of pressure differential devices - Part 1: Orifice plates, 
nozzles and Venturi tubes inserted in circular cross-section conduits running full. 

IS0 5168: ---I), Measurement of fluid flow - Evaluation of uncertain ties. 

IS0 5221 :I 984, Air distribution and air diffusion - 
duct. 

Rules to methods of measuring air flowrate in an air handling 

IEC 34-2:1972, Rotating electrical machines - Part 2: Methods for determining losses and efficiency of rotating 
electrical machinery from tests (excluding machines for traction vehicles). 

IEC 51-2:1984, Direct acting indicating analogue electrical-measuring instruments and their accessories - Part 2: 
Special requirements for ammeters and voltmeters. 

I EC 51-3: 1984, Direct acting indicating analogue electrical-measuring instruments and their accessories - Part 3: 
Special requirements for wa ttmeters and varmeters. 

I EC 51-4: 1984, Direct acting indicating analogue electrical-measuring instruments and their accessories - Part 4: 
Special requirements for frequency meters. 

1) To be published. (Revision of IS0 5168:1978) 

1 
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3 Definitions 

For the purposes of this International Standard, the definitions given in IS0 5168 and the following definitions 
aPPlYa 

NOTE 1 All the symbols used in this International Standard are listed with their units in clause 4. 

3.1 area of the conduit section, A,: Area of the conduit at section x. 

32 . fan inlet area, AI: Surface plane bounded by the upstream extremity of the air-moving device. 

The inlet area is, by convention, taken as the gross area in the inlet plane inside the casing. 

3.3 fan outlet area, A2: Surface plane bounded by the downstream extremity of the air-moving device. 

Fan outlet area is, bY convention, taken as the gross area in the outlet plane inside the casing. 

3.4 temperature, t: Air or fluid temperature measured by a temperature sensor. 

3.5 absolute temperature, 0: Thermodynamic temperature. 

O=t+273,15 

NOTE 2 In this document, 0 represents the absolute temperature and t the temperature in degrees Celsius. 

36 . specific gas constant, R: 

For an ideal dry gas, the equation of state is written 

R=287 J-kg-’ . K-l for dry air. 

3.7 isentropic exponent, K: 

For an ideal gas and an isentropic process, 
P = constant 

P 
K 

K = 1,4 for atmospheric air. 

3.8 specific heat capacity at constant pressure, cp: 

For an ideal gas, 

-KR 5 - K-l 

3.9 specific heat capacity at constant volume, CV: 

For an ideal gas, 
1 

CV =- R 
K-l 

3.10 compressibility factor, 2: 

For an ideal gas, 2 = 1 
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For a real gas, 

and Z is a function of the ratios p/pc and o/o, 

where 

pc is the critical pressure of the gas; 

0, is the critical temperature of the gas. 

3.11 stagnation temperature at a point, OSs: Absolute temperature which exists at an isentropic stagnation 
point for ideal gas flow without addition of energy or heat. 

The 
tern 

stagnation temperature is co 
perature in the test enclosure. 

nstant along an airway and, for an inlet duct, is equal to the absolute ambient 

3.12 static or fluid temperature at a point, 0: Absolute temperature registered by a thermal sensor moving at 
the fluid velocity. 

For a real gas flow, 

where v = fluid velocity at a point, in metres per second (m s-1). 

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

3.13 dry-bulb temperature, td: Air temperature measured by a dry temperature sensor in the test enclosure, 
near the fan inlet or airway inlet. 

3.14 wet-bulb temperature, t,: Air temperature 
moistened wick and exposed to air in motion. 

measured by a temperature sensor covered by a water- 

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

3.15 stagnation temperature at a section x, O,,,: Mean value, over time, of the stagnation temperature 
averaged over the area of the specified airway cross-section. 

3.16 static or fluid temperature at a section x, OX: Mean value, over time, of the static or fluid temperature 
averaged over the area of the specified airway cross-section. 

3.17 absolute pressure at a point; absolute pressure, p: Pressure, measured with respect to absolute zero 
pressure, which is exerted at a point at rest relative to the air around it. 

3.18 atmospheric pressure, pa: Absolute pressure of the free atmosphere at the mean altitude of the fan. 

3.19 gauge pressure, pe: Value of the pressure when the datum pressure is the atmospheric pressure at the 
point of measurement. 

It may be negative or positive. 

Pe = P - Pa 

3.20 absolute stagnation pressure at a point, psg: Absolute pressure which would be measured at a point in a 
flowing gas if it were brought to rest via an isentropic process: 

K 

K-l 
Psg =P I+- 

Ma2 K-1 
2 1 

where IMa is the Mach number at this point (see 3.23). 
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3.21 Mach factor, FM: Correction factor applied to the dynamic pressure at a point, given by the expression 

FM 
Psg - P =- 

Pd 
The Mach factor may be calculated by 

* (z-K)m14 
F~=l+!ff--+ 24 

+ (z-K)(3-2+4a6 + 
. . . 

192 

3.22 dynamic pressure at a point, Pd: Pressure calculated from the velocity v and the density p of the air at the 
point. 

V2 
Pd=Py 

3.23 Mach number at a point, Ma: Ratio of the gas velocity at a point to the velocity of sound. 

Ma=&; 

where 

c is the velocity of sound, 

c=J 
R, is the gas constant of humid gas. 

3.24 gauge stagnation pressure at a point, pesg: Difference between the absolute stagnation pressure psg and 
the atmospheric pressure pa. 

Pesg = Psg - Pa 

3.25 mass flowrate, qm: Mean value, over time, of the mass of air which passes through the specified airway 
cross-section per unit of time. 

NOTE 3 The mass flow will be the same at all cross-sections within the fan airway system excepting leakage. 

3.26 average gauge pressure at a section 
the area of the specified airway cross-section. 

Xf Pex: Mean value, over time, of the gauge pressure averaged over 

3.27 average absolute pressure at a section x, px: 

over the area of the speci fied airway cross-sectio n. 
Mean value, over time, of the absolute pressure averaged 

Px = Pex + Pa 

3.28 average density at a section x, px: Fluid density calculated from the absolute pressure px and the static 
temperature Ox. 

Px 
Px== 

where I?,,,, is the gas constant of humid gas. 

3.29 volume flowrate at a section x, qvx: Mass flowrate at the specified airway cross-section divided by the 
corresponding mean value, over time, of the average density at that section. 

4 
qvx 

=-EL 
Px 
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3.30 average velocity at a section x, vmx: 
cross-sectional area A,. 

Volume flowrate at the specified airway cross-section divided by the 

vmx 
= qvx 

AX  

NOTE 4 This is the mean value, over time, of the average component of the gas velocity normal to that section. 

3.31 conventional dynamic pressure at a section x, pdx: Dynamic pressure calculated from the average 
velocity and the average density at the specified airway cross-section. 

pdx 

NOTE 5 The conventional dynamic pressure will be less than the average of the dynamic pressures across the section. 

3.32 Mach number at a section x, Ma,: Average gas velocity divided by the velocity of sound at the specified 
airway cross-section. 

Ma, = Vmx /dX@X 

3.33 average stagnation pressure at a section x, psgx: Sum of the conventional dynamic pressure pdx corrected 
by the Mach factor coefficient FMX at the section and the average absolute pressure px: 

kgx = Px + PdxFMx 

NOTE 6 The average stagnation pressure may be calculated by the expression 
K 

Psgx = Px 
t 

K-l 
l+- Ma2 K-1 

2 X 
1 

3.34 gauge stagnation pressure at a section x, Pesgx: Difference between the average stagnation pressure, 
psgx, at a section and the atmospheric pressure, pa. 

Pesgx = Psgx - Pa 

3.35 inlet stagnation temperature, Osgl : Absolute temperature in the test enclosure near the fan inlet at a 
section where the gas velocity is less than 25 rn. s-1. 

In this case the stagnation temperature may be considered as equal to the ambient temperature @a. 

0 wsgl = 0, = ta + 273,15 

3.36 stagnation density, psgl: Density calculated from the inlet stagnation pressure psgl and the inlet stagnation 
temperature @sgl : 

Psgl 
Psgl =- 

Rwf@sg1 

3.37 inlet stagnation volume flowrate, gvsgl: Mass flowrate divided by the inlet stagnation density. 
4 

Wsgl =L 
Psgl 

3.38 fan pressure, PF: Difference between the stagnation pressure at the fan outlet and the stagnation pressure 
at the fan inlet. 

PF =Psg2 -Psgl 

When the Mach number is less than 0,15, 

PF = PtF = Pt2 - Ptl 

NOTE 7 Fan pressure should be referred to the installation type A, B, C or D. 
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3.39 fan dynamic pressure, pd2: Average dynamic pressure at the fan outlet calculated from the mass flowrate, 
the average gas density at the outlet and the fan outlet area. 

V2 

c 1 

2 
I %n pd2=p2$k- - 

2P2 A2 

3.40 fan static pressure, PsF: Conventional quantity defined as the fan pressure minus the fan dynamic pressure 
corrected by the Mach factor. 

PsF = kg2 - Pd2 * FM2 - kg1 = P2 - kg1 

NOTE 8 Fan static pressure should be referred to the installation type A, B, C or D. 

3.41 mean density, pm: Arithmetic mean value of inlet and outlet densities. 

Pm 
PI + P2 =- 

2 

3.42 mean stagnation density, pmsg: Arithmetic mean value of inlet and outlet stagnation densities. 

Pmsg = 
Psgl + Psg2 

2 

3.43 fan work per unit mass, y: Increase in mechanical energy per unit mass of fluid passing through the fan. 

V2 V2 
Y =Bx+,A2m2-QI r-n’ 

Pm 2 2 

y may be calculated as in 3.47, i.e. 

v pu =- 
4 rn 

The value obtained differs by only a few parts per thousand of the value given by the above expression: 

NOTE 9 y should be referred to the installation type A, B, C or D. 

3.44 fan static work per unit mass, ys: 
--2 

Ys 
P2 - PI =-- aAl ‘ml 

Pm 2 

NOTE 10 y, should be referred to the installation type A, B, C or D. 

3.45 fan 
at its inlet 

pressure 
section. 

ratio, r: Ratio of the average absolute stagnation pressure at the outlet section of a fan to that 

y = Psg*/Psgl 

3.46 compressibility coefficient, kp: Ratio of the mechanical work done by the fan on the air to the work that 
would be done on an incompressible fluid with the same mass flow, inlet density and pressure ratio. 

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

k, is given by the expression 

k, = & log,0 r 
log,@+ &(r - I)] 

6 
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c--l Psglpr 
zk =K'- %n PF 

NOTE 11 k, and psgl/pmsg differ by less than 2 x 10-S. 

3.47 fan air power, P,: Conventional output power which is the product of the mass flow by the fan work per 
unit mass, or the product of the inlet volume flow, the compressibility coefficient k, and the fan pressure. 

Pu = qrnY = q&g1 ’ PF * kp 

NOTE 12 P, should be referred to the installation type A, B, C or D. 

3.48 fan static air power, Pus: Conventional output power which is the product of the mass flowrate qm by the 
fan static work per unit mass or the product of the inlet volume flowrate, the compressibility coefficient k,, and the 
fan static pressure PsF ; k,, is calculated using I- = p2/psgI. 

P US = 4mYS = qvsgl * k,s - PsF 

NOTE 13 P,, should be referred to the installation type A, B, C or D. 

3.49 impeller power, P,: Mechanical power supplied to the fan impeller. 

3.50 fan shaft power, Pa: Mechanical power supplied to the fan shaft. 

3.51 motor output power, P,: Shaft power output of the motor or other prime mover. 

3.52 

3.53 

motor input power, Pe: Electrical power supplied at the terminals of an electric motor drive. 

rotational speed of the impeller, N: Number of revolutions of the fan impeller per minute. 

3.54 rotational frequency of the impeller, n: Number of revolutions of the fan impeller per unit time. 

3.55 tip speed of the impeller, U: Peripheral speed of the impeller blade tips. 

3.56 peripheral Mach number, 
sound in the gas at the stagnation 

Ma, = u/.,/z 

3.57 fan impeller efficiency, qr: Fan air power divided by the im peller power 

NOTE 14 qr shall be referred to the i nstallation type A, B, C or D. 

Ma,: Dimensionless parame 
conditions of fan inlet: 

ter ’ equal to the ratio of tip speed to the velocity of 

3.58 fan impeller static efficiency, q,,: Fan static power divided by the impeller power. 

NOTE 15 qrs should be referred to the installation type A, B, C or D. 

3.59 fan shaft efficiency, qa: Fan air power divided by the fan shaft power. 

NOTES 

16 Fan shaft power includes bearing losses, whilst fan impeller power does not. 

17 qa should be referred to the installation type A, 8, C or D. 

3.60 fan motor shaft efficiency, Q: Fan air power P, divided by the motor output power P,. 

NOTE 18 q, should be referred to the installation type A, B, C or D. 
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3.61 overall efficiency, qe: Fan air power divided by the motor input power for the fan and motor combination. 

NOTE 19 qe should be referred to the fan type A, B, C or D. 

3.62 ratio of inlet density to mean density, k,: Fluid density at the fan inlet divided by the mean fluid density in 
the fan. 

2PI k,= - 
PI+ P2 

3.63 kinetic energy factor at a section x, aAX: Dimensionless coefficient equal to the time-averaged flux of 
kinetic energy through the considered area A, divided by the kinetic energy corresponding to the mean air velocity 
through this area. 

aAx _ Lx (pVn”2)dAx - 
2 

4rn vmx 

V is the local absolute velocity, in metres per second; 

vn is the local velocity normal to the cross-section. 

NOTE 20 By convention aAI = 1 and aA = 1. 

3.64 kinetic index at a section x, ikx: Dimensionless coefficient equal to the ratio of the kinetic energy per unit 
mass at the section x and the fan work per unit mass. 

V2 

ikx 
=MX 

2Y 

3.65 Reynolds number at a section x, ReDx: Dimensionless parameter which defines the state of development 
of a flow and is used as a scaling parameter. It is the product of the local velocity, the local density and a relevant 
scale velocity, the local density and a relevant scale length (duct diameter, blade chord) divided by the dynamic 
viscosity. 

ReDx 
vmx x D 4qrn z-------z- 

VX WDX 

3.66 friction loss coefficient, cxeY y : ( ) Dimensionless coefficient for friction losses between sections x and y 
of a duct, calculated for the velocity and density at section y. 

For incompressible flow 

APxy =; PyV& &x-y), 

4 Symbols and units 

4.1 Symbols 

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

8 
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Symbol Represented quantity 

Ax Area of the conduit at section x 

a Hole diameter of wall pressure tappings 

b Width of the rectangular section of a duct 

c Discharge coefficient 

C Velocity of sound 

5) 
CV 

d 

di 

D 

Dh 

Specific heat at constant pressure 

Specific heat at constant volume 

Diameter of orifice or nozzle throat 

Diameter of stagnation pressure hole in Pitot-static tube 

Internal diameter of a circular conduit upstream of an in-line flowmeter 
Hydraulic diameter of a rectangular section of a duct 

4 x area of cross-section 

Dx 
Q 

Flux 
g 
h 

h” 

ikx 

perimeter of cross-section 

Internal diameter of a circular conduit in the x plane 

Outside diameter of the impeller 

Mach factor for correction of dynamic pressure at section x 

Gravitational acceteration 

Height of the rectangular section of a duct 

Relative humidity pv /psat 

Kinetic index at section x 

Resulting coefficient used in the conversion of test results 

Fan density ratio 

kP 

k PS 

Ma 

Max 

Ma x ref 

Ma” 

m 

n 

N 

P 

Pa 

Pe 

Jkl 

Pesg 

Pesgx 

Pd 

Px 

Pex 

Psgx 

Compressibility coefficient for the calculation of fan air power P, 

Compressibility coefficient for the calculation of fan static air power 

Mach number 

Mach number at section x 

Reference Mach number at section x at inlet stagnation conditions 

Peripheral Mach number of impeller 

Area ratio of an orifice plate (d/D)* 

Rotational frequency of impeller 

Rotational speed of impeller 

Absolute pressure of the fluid 

Atmospheric pressure at the mean altitude of the fan 

Gauge pressure (p, = p - p,) 

Absolute stagnation pressure 

Gauge stagnation pressure at a point 

Gauge stagnation pressure at section x 

Dynamic pressure at a point 

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

Mean gauge pressure in space and time at section x 

Mean absolute stagnation pressure in space and time at section x 

SI unit 

m* 

mm 

m 

J . kg-l. K-l 

J. kg-‘. K-l 

m 

mm 

m 

m 

ms-* 

m 

t-4’ 

r-min -1 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 

Pa 
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Symbol Represented quantity SI unit 

Conventional dynamic pressure at section x Pa !‘dx 

Saturation vapour pressure Pa hat 

Partial pressure of water vapour 

Fan pressure (PF = Psg2 - Psgl) 

Fan static pressure (ps~ = 172 - psgl) 
Fan dynamic pressure 

Mean absolute pressure upstream of an in-line flowmeter 

Mean absolute pressure downstream of an in-line flowmeter 

Pa 

Pa 

Pa 

PV 

f’F 

PsF 

Pa !‘d2 

Pu Pa 

Pa Pdo 

pa 

pe 

PO 

P‘ 

h 

P us 

9m 

Mechanical 

Motor input 

power supplied to the fan shaft W 

W power 

W Power available at the output shaft of the drive 

supplied to the impeller of the Mechanical power fan W 

W Fan air power 

W 

kg. s-l 
3 m s -I 

m3. se1 

Fan static power 

Mass flowrate 

Volume flowrate 9v 

Volume flowrate at stagnation conditions upstream of the fan inlet corresponding 
to standard conditions of use 

Volume flowrate at section x 

Pressure ratio 

Wsgl 

m3. s-’ wx 

Pressure ratio for a flowmeter rd = p&u ‘-d 

4 for a flowmeter 
Pdo 

Gas constant of dry air or gas 

QP 

J . kg-‘. K-’ 

J . kg-‘. K-l 

R 

Rw 

ReDx 

ta 

tb 

td 

4N 

tX 
kgx 

u 

UX 
UX 

Gas 

ReY 

constant of humid air or gas 

X nolds number at section 

Ambient temperature 

Barometer temperature 

Dry-bulb thermometer temperature 

Wet-bulb thermometer temperature 

Static temperature at section x 

Stagnation temperature at 

Peripheral velocity of impe 

section x 

rn.8 Iler, or tip speed 

Relative uncertainty of x % 
Absolute u 

Velocity of 

nty of x same as x 

a point ms-’ 

Average velocity of the 

Fan work per uni t mass 

gas at s ection x ms-’ 

J . kg-l 

J-kg-’ 

vmx 

Fan static work per unit mass Ys 
z Compressibility factor in equation of state 

z=p 
Ph/v@x 

2 = 1 for an ideal gas 

Coefficient used 
(first method) 

for the calculation of the compressibility factor kP 

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

10 
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Symbol 

aAx 

P 

P / 

*zb 

& 

Represented quantity SI unit 
Mean altitude of section x m 
Flowrate coefficient of an in-line flowmeter 
Coefficient of kinetic energy of flow in the section x of area A,: 

aAx is assumed equal to 1 
Ratio of the internal diameter 

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

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

Differential pressure Pa 
Difference in altitude between the barometer and the mean altitude of the fan 

Expansibility factor 
m 

( ) c X-Y Y 

r7 

77s 

77a 

Conventional energy loss coefficient between sections x and y calculated for 
section y 

Efficiency 

Static efficiency 

Fan shaft efficiency 

77e 

qa 
pu =---- 

pa 

Overall efficiency 

r70 Fan motor shaft efficiency 

pu =- 
q” P 0 

r7r Fan efficiency 

77Sf Fan static efficiency 

@sgx 

0, 

P 

q =T ST 
r 

Stagnation temperature at section x 

Fluid temperature at section x 
K 

K 

@a 

0, 

K 

A 

A 

P 

P 

Px 

Pm 
a 

Ambient temperature 

Temperature upstream of an in-line flowmeter 

Isentropic exponent ic = +/cv for an ideal gas 

K 

K 

Fan power coefficient 

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

Dynamic viscosity 

Density of gas 

Mean density of gas at section x 

Mean density of gas in the fan 

Flow coefficient 

Pas 

kg. mV3 

kg. mB3 

kg. rns3 

Y Fan work per unit mass coefficient 
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42 . 

1 
2 
3 
4 
5 
6 
7 
8 
a 
b 
C 

do 
F 
Gu 
n 
S 

sat 
sg 
Te 
U 

X-Y 

co 

V 

Angular velocity 

Kinematic viscosity . 

Subscripts 

Test fan inlet 
Test fan outlet 
Pressure measurement section in an inlet-side airway 
Pressure measurement section in an outlet-side airway 
Throat or downstream tappings for Ap for an inlet-side measurement 
Upstream tapping for Ap and pu for an outlet-side measurement 
Upstream tapping for Ap and pu for an inlet-side measurement 
Throat or downstream tapping for Ap for an outlet-side measurement 
Ambient atmosphere in the test enclosure 
Barometer 
Centrepoint of the test section 
Downstream of a flow-measurement device 
Fan 
Guaranteed relative to the characteristics specified i.n the contract 
Reference plane of the fan; n = 1 for inlet, n = 2 for outlet 
Static conditions 
Saturation conditions 
Stagnation conditions 
Tested relative to the characteristics specified in the contract 
Reference air conditions upstream of a flow-measurement device 
Airway length from plane x to plane y 

rad-5’ 
m* . s-’ 

5 General 

The upper limit of fan work per unit mass is 25 000 J. kg-1 corresponding to an increase in fan pressure 
approximately equal to 30 000 Pa for a mean density in the fan of I,2 kg. m-3. 

The working fluid for test with standardized airways shall be atmospheric air, and the pressure and temperature 
should be within the normal atmospheric range. 

There are four types of installation: 

- type A: free inlet, free outlet, 

- type B: free inlet, ducted outlet, 

- type C: ducted inlet, free outlet, 

- type D: ducted inlet, ducted outlet, 

to which correspond four performance characteristics. 

Fan performance cannot be consi dered as i nva ria ble. The perfor man ce curve of fan pressure 
be modified by the upstream fluid flow, e.g. if the velocity profile is di storted o r if the re is swirl 

Although the downst ream flow general ly cannot act on 
downstream d uct may be m odified by the fluid flow at the fa 

versus fl owra te may 

the flow 
outlet. 

through the impeller, the losses in the 

Methods of measurement and calculation for the flowrates, fan pressures and fan efficiencies are specified in 
clauses 14 to 27 and annex A. They are established in the case of compressible flow, taking into account Mach 
number effect and density variation. However, simplified methods are given for reference Mach numbers less than 
0,15 and/or fan pressures less than 2 000 Pa. 

It is agreed that for the pu rposes of this I nte lrnationa I Standard, calculations are made using absolute pressures and 
temperatures but equivale nt expressions usi w gaw e pressures are provided. 

12 
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It is conventionally agreed that: 

sim 
for fan installation types C and D, a co 
ulate a long, straight inlet duct; 

mmon airway section should be provided upstream of the fan inlet to 

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

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

For large fans of installation type D (800 mm diameter or larger) it may be difficult to carry out the tests with 
standardized common airways at the outlet side including straighteners. In this case, by mutual agreement 
between the parties concerned, the fan performance may be measured using the set-up described in 30.2 f) with a 
duct of length 21’6 on the outlet side. Results obtained in this way may differ to some extent from those obtained by 
using common airways on both the inlet and outlet side, especially if the fan produces a large swirl. 

By convention the kinetic energy factors aAl,, aA at fan inlet and fan outlet are considered equal to one. 

6 Instruments for pressure measurement 

6.1 Barometers 

The atmospheric pressure in the test enclosure shall be determined at the mean altitude between the centre of fan 
inlet and outlet sections with an uncertainty not exceeding + 0,2 %. Barometers of the direct-reading mercury 
column type should be read to the nearest 100 Pa (1 millibar) or to the nearest 1 mm of mercury. They should be 
calibrated and corrections applied to the readings for any difference in mercury density from standard, any change 
in length of the graduated scale due to temperature and for the local value of g. 

Correction may be unnecessary if the scale is preset for the regional value of g (within + 0,Ol m s-2) and for room 
temperature (within + 5 “C). 

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

The barometer should be located in the test enclosure at the mean altitude between fan inlet and fan outlet. A 
correction pag(zb - +,,) in Pa should be added for any difference in altitude exceeding 10 m, 

where 

zb is the altitude at barometer reservoir or at barometer transducer; 

z,,-, is the mean altitude between fan inlet and fan outlet; 

Pa 

is the local value of acceleration due to gravity; 

is the ambient air density. 

6.2 Manometers 

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

The significant pressure should be taken as the fan stagnation pressure at rated duty or the pressure difference 
w&en *measuring rated volume flow according to the manometer function. Rated duty will normally be near the 
point of besti &fi ~iency on the fan characteristic curve. 
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The manometers will normally be of the liquid column type, vertical or inclined, but pressure transducers with 
indicating or recording instrumentation are acceptable, subject to the same accuracy and calibration requirements. 

Calibration shou 
any differe rice. 

Id be carried out at a series of steady pressures, in both rising and falling sequences to check for 

The reference instrument should be a precision manometer or micromanometer capable of being read to an 
accuracy of + 0,25 % or 0,5 Pa, whichever is greater. 

63 . Damping of manometers 

Rapid fluctuations of manometer readings should be limited by damping so that it is possible to estimate the 
average reading within -fi: 1 % of the significant pressure. The damping may be in the air connections leading to the 
manometer or in the liquid circuit of the instrument. It should be linear, and of a type which ensures equal 
resistance to movement in either direction. The damping should not be so heavy that it prevents the proper 
indication of slower changes. If these occur a sufficient number of readings should be taken to determine an 
average within + 1 % of the significant pressure. 

6.4 Checking of manometers 

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

6.5 Position of manometers 

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

7 Determination of average pressure in an airway 

7.1 Methods of measurement 

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

To determ 
atmospher 

in 
‘IC 

e the 
press 

avera 
ure In 

ge static pressure 
the test enclosure. 

in this plane, the other side of the manometer shall be open to the 

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

7.2 Use of wall tappings 

At each of the sections for pressure measurement in the standardized airways specified in clauses 21 to 27 and 32 
to 35 the average static pressure shall be taken to be the average of the static pressures at four wall tappings 
constructed in accordance with 7.3. 
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Figure 1 - Tapping connections to obtain average static pressure and altitude of manometer 

7.3 Construction of tappings 

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

The bore diameter a shall be not less than I,5 mm, not greater than 5 mm and not greater than 0,l D. 

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

7.4 Position and connections 

In the case of a cylindrical airway the four tappings should be equally spaced around the circumference. In the case 
of a rectangular airway they should be at the centres of the four sides. Four similar tappings may be connected to a 
single manometer. They should be connected as shown in figure 1. 

7.5 Checks for compliance 

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

NOTE 21 By the mean gauge pressure is meant the pressure across the nozzle or orifice at rated flow in the case of flow 
measurement, or the rated fan pressure in the case of pressure measurement. 
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z z 

Figure 2 - Construction of wall pressure tappings 

7.6 Use of Pitot-static tube 

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

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

8 Measurement of temperature 

8.1 Thermometers 

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

8.2 Thermometer location 

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

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

If the air velocity is equal to 25 rn. s- , 1 the difference between stagnation and static temperatures is 0,31 "C; at 
35 m . s-l the same difference is 0,61 “C (for a static temperature of 293,15 K). I 

If the measurement is taken in a section where the air velocity is less than 25 rn. s-l, the measured temperature is 
assumed equal to both stagnation and static temperatures. 
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It is therefore recommended that measurement of the stagnation temperature be made upstream of the fan inlet 
or of the test airway, either in a section where the air velocity lies between zero and 25 ms-l or in the inlet 
chamber. 

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

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

8.3 Humidity 

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

The wet-bulb thermometer should be located in an air stream of velocity at least 3 rn. s-1. The sleeving should be 
clean, in good contact with the bulb, and kept wetted with pure water. 

Relative humidity may be measured directly provided the apparatus used has an accuracy of + 2 %. 

9 Measurement of rotational speed 

9.1 Fan shaft speed 

The fan shaft speed shall be measured at regular intervals throughout the period of test for each test point, so as to 
ensure the determination of average rotational speed during each such period with an uncertainty not exceeding 
f0,5 %. 

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

9.2 Examples of acceptable methods 

9.2.1 Digital counter measuring revolutions for a given time interval 

The number of impulses counted shall be not less than 1 000 during the measured time interval. The timing device 
shall be actuated automatically by the starting and stopping of the counter, and shall not be in error by more than 
0,25 % of the time needed to count the total number of impulses. 

92.2 Revolution counter 

The revolution counter shall be free from slip and programmed for a period of not less than 60 s per reading. 

9.2.3 Direct-readout mechanical or electrical tachometer 

These devices shall be free from slip and calibrated before and after use. The smallest division on the scale of such 
an instrument should represent not more than 0,25 % of the measured rotational speed. 

9.2.4 Stroboscope methods 

Stroboscopes shall be calibrated against a rotating standard before and after use, unless fed by or checked against 
a source whose frequency is known or measured within + 0,25 %. 

9.2.5 Frequency meter 

When the fan is direct-driven by a synchronous or induction motor, the supply frequency can be measured and in 
the latter case, also the slip frequency. The frequency meter shall have an uncertainty of not more than 0,5 % (i.e. 
accuracy class index of 0,5 in accordance with IEC 51-4). 
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Alternatively, a digital instrument of lower class index, i.e. smaller uncertainty, is permissible. The device used for 
indicating slip frequency shall be used in such a manner as to permit direct counting with an uncertainty not 
exceeding IfI 0,25 % of the shaft speed 

10 Determination of power input 

10.1 Measurement accuracy 

The power input to the fan over the specified performance range shall be determined by a method, including the 
averaging of a sufficient number of readings at each test point, which achieves a result with an uncertainty not 
exceeding + 2 %. 

10.2 Fan shaft power 

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

10.2.1 Reaction dynamometer 

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

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

10.2.2 Torsion meter 

The torque is measured by means of a torsion meter having an uncertainty which should not be more than 2,0 %. 
of the torque to be measured. For the calibration, the weights shall have certified accuracies of + 0,2 %. The length 
of the torque arm shall be determined to an accuracy of + 0,2 %. 

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

10.3 Determination of fan shaft power by electrical measurement 

10.3.1 Summation of losses 

The power output of an electric motor for direct drive is deduced from its electrical power input by the summation 
of losses method specified in IEC 34-2. For this purpose, measurements of voltage, current, speed and, in the case 
of a.c. motors, power input and slip of induction motors shall be made for each test point and the no-load losses of 
the motor when uncoupled from the fan shall be measured. 

10.3.2 Calibrated motor 

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

voltage: + 6 % 

frequency: + 1 % 

10.3.3 Electrical instruments 

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

a) 

b) 

for a.c. motors, by the two-wattmeter method or by an integrating wattmeter; 

for d.c. motors, by measurement of the input voltage and current. 
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For standardized airway tests, the instruments used for these measurements shall be of class index 0,5 in 
accordance with IEC 51-2 and IEC 51-3 to which calibration corrections are applied or, alternatively, of class index 
0,2 for which calibration corrections are unnecessary. 

10.4 Impeller power 

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

10.5 Transmission systems 

For tests with standardized airways, the interposition of a transmission system between the fan and the point of 
power measurement should be avoided unless it is of a type in which the transmission losses under the specified 
working conditions can be reliably determined, or the specified power input is required to include those losses. 

11 Measurement of dimensions and determination of areas 

11.1 Flow measurement devices 

The dimensions of 
specified in the app 

nozz les, orifices and airways used 
te subclauses covering their use 

for flow measurement shall conform to the tolerances 

11.2 Tolerance on dimensions 

11.2.1 Specified airway component lengths shall be measured after manufacture and shall conform to the 

requirements of the test method within a tolerance of -1 +I0 % except where otherwise stated. , 

11.2.2 Specified airway component diameters shall be measured after manufacture and shall conform to the 
requirements of the test method within a tolerance of + 1 % except where otherwise stated. 

11.3 

11.3.1 

Determination of cross-sectional area 

Dimensional measurements 

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

11.32 Circular sections 

For circular sections, the mean diameter of the 
measured values on at least three diameters of t 
they are at equal angles within the cross-section. 

section is taken as being equal to the a 
he measuring section. The diameters shal 

rithmetic mean of the 
I be so positioned that 

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

where D is the arithmetic mean of the measured diameters. 

11.3.3 Rectangular sections 

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

12 Determination of air density, humid gas constant and viscosity 

12.1 Density of air in the test enclosure, gas constant for humid air and average density in a 
section x 

The dens ity of the amb ient air in the test enclosure is given by the following express ion: 

Pa = 
Pa - 0,378& 

2870, 

where 

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

@a is the absolute ambient temperature, in kelvins. 

@a = ta + 273,15 

where ta = td (dry-bulb temperature, in degrees Celsius) (see 14.3); 

PV is the partial water vapour pressure in the air, in pascals; 

287 is the gas constant for dry air, R, in joules per kilogram kelvin; 

0,378 = R, 
R” 

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

&=A= 287 

Pa@a l-0,378& 
Pa 

NOTE 22 For standard air: 

pa = I,2 kg - mm3 

0 -a=293,ISK 

pa=101 325Pa 

h” = 0,40 

R, = 288 J a kg-‘. K-’ 

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

Px 
Px =- 

RWO, 

12.2 Determination of vapour pressure 

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

Pv = ( > Psat tw - pa*A,(td-t,)(I+O,OOI ISt,) 
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td is the dry-bulb temperature, in degrees Celsius; 

t, is the wet-bulb temperature, in degrees Celsius; 

A,= 6,6x1o-4o C-l when tw is between 0 “C and 150 “C; 

A,= 5,94 x 1 o-4 O C-‘when tw is less than 0 “C; 

(psat)m is the pressure of saturated vapour at the wet-bulb temperature tw. 

Table 1 lists values of saturated vapour pressure (psat) over the temperature range - 4 “C to 49,5 “C. 

psat may be obtained from the following expression, between 0 “C and 30 “C: 

Psat = exp 17,438t, +64147 
239,78 + t, ’ 

or, between 0 “C and 100 “C: 

psat =610,8+44,442t,+ 1,4133ti + 0,02768ti + 2,55667em4 t$ + 2,89166ew6 t& 

The air relative humidity, h,, can also be directly measured in order to obtain 

Pv = hu hat&d 

where (psat)rd is the saturation vapour pressure at the dry-bulb temperature td calculated using the above formula 
with td instead of t,,,,. 

12.3 Determination of air viscosity 

The following formula can be used in the range - 20 “C to + 100 “C to obtain the dynamic viscosity, in Pascal 
seconds: 

p=(17,1+0,048tx)x10-6 

The kinematic viscosity v is given by the following expression: 

V P =- 
P 
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Table 1 - Saturation vapour pressure psat of water as a function of wet-bulb temperature tw 

Wet-bulb 
temperature 

tW 

0 C 

-4 

-3 

-2 

-1 

-0 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Saturation vapour pressure Psat of water (above water) 
hPa 

QO OJ 02 Of3 014 0,5 08 0,7 0,8 03 

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

4,89 4,87 4,83 4,79 4,76 4,72 4,68 4,65 4,61 4,59 

5,28 5,24 5,20 5,16 5,12 5,08 5,04 5,Ol 4,97 4,93 
5,68 5,64 5,60 5,56 5,52 5,47 5,44 5,39 5,36 5,32 

6,ll 6,07 6,03 5,97 5,93 5,89 5,84 5,80 5,76 5,72 

6,ll 6,16 6,19 6,24 6,29 6,33 6,37 6,43 6,47 6,52 

6,56 6,61 6,67 6,71 6,76 6,80 6,85 6,91 6,96 7,00 
7,05 7,ll 7,16 7,21 7,25 7,31 7,36 7,41 7,47 7,52 
7,57 7,63 7,68 7,73 7,79 7,85 7,91 7,96 8,Ol 8,08 
8,13 8,19 8,24 8,31 8,36 8,43 8,48 8,53 8,60 8,65 

8,72 8,79 8,84 8,91 8,96 9,03 9,09 9,16 9,21 9,28 
9,35 9,41 9,48 9,53 9,61 9,68 9,75 9,81 9,88 9,95 

IO,01 IO,08 IO,15 IO,23 IO,29 IO,36 IO,43 IO,51 IO,57 IO,65 

IO,72 IO,80 IO,87 IO,95 11 ,Ol II,09 II,17 II,24 II,32 II,40 
II,48 II,55 II,63 II,71 II,79 II,87 II,95 12,03 12,ll 12,19 

12,27 12,36 12,44 12,52 12,61 12,69 12,77 12,87 12,95 13,04 
13,12 13,21 13,29 13,39 13,47 13,56 13,65 13,75 13,84 13,93 
14,Ol 14,ll 14,20 14,29 14,39 14,48 14,59 14,68 14,77 14,87 

14,97 15,07 15,17 15,27 15,36 15,47 15,57 15,67 15,77 15,88 
15,97 16,08 16,19 16,29 16,40 16,51 16,61 16,72 16,83 16,93 

17,04 17,16 17,27 17,37 17,49 17,60 17,72 17,83 17,96 18,05 
18,17 18,29 18,41 18,52 18,64 18,76 18,88 19,00 19,12 19,25 

19,37 19,49 19,61 19,73 19,87 19,99 20,12 20,24 20,37 20,51 

20,63 20,76 20,89 21,03 21,16 21,29 21,43 21,56 21,69 21,83 
21,96 22,ll 22,24 22,39 22,52 22,67 22,80 22,95 23,09 23,23 

23,37 23,52 23,67 23,81 23,96 24,ll 24,25 24,41 24,56 24,71 

24,87 25,Ol 25,17 25,32 25,48 25,64 25,80 25,95 26,ll 26,27 
26,43 26,60 26,76 26,92 27,08 27,25 27,41 27,59 27,75 27,92 

28,09 28,25 28,43 28,60 28,77 28,95 29,12 29,31 29,48 29,65 
29,84 30,Ol 30,19 30,37 30,56 30,75 30,92 31,ll 31,29 31,48 

31,68 31,87 32,05 32,24 32,44 32,63 32,83 33,Ol 33,21 33,41 

33,61 33,81 34,Ol 34,21 34,41 34,61 34,83 35,03 35,24 35,44 
35,65 35,87 36,08 36,28 36,49 36,71 36,93 37,15 37,36 37,57 

37,80 38,03 38,24 38,47 38,69 38,92 39,15 39,37 39,60 39,83 
40,05 40,29 40,52 40,76 41,00 41,23 41,47 41,71 41,95 42,19 

42,43 42,68 42,92 43,17 43,41 43,67 43,92 44,17 44,43 44,68 
44,93 45,19 45,44 45,71 45,96 46,23 46,49 46,75 47,Ol 47,28 
47,56 47,83 48,09 48,37 48,64 48,92 49,19 49,47 49,75 50,03 

50,31 50,60 50,88 51,16 51,45 51,73 52,03 52,32 52,61 52,91 
53,20 53,51 53,80 54,ll 54,40 54,71 55,Ol 55,32 55,63 55,93 
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Table 1 -(end 

Wet-bulb 
temperature 

tW 
0 C 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

Saturation vapour pressure Psat of water (above water) 
hPa 

04 03 02 0,3 Ot4 0,5 Or6 0,7 W3 03 

56,24 56,55 56,87 57,17 57,49 57,81 58,13 58,45 58,77 59,ll 

59,43 59,76 60,08 60,41 60,75 61,08 61,41 61,75 62,08 62,43 

62,77 63,ll 63,45 63,80 64,15 64,49 64,85 65,20 65,56 65,91 

66,27 66,63 66,99 67,35 67,72 68,08 68,45 68,83 69,19 69,56 

69,95 70,32 70,69 71,07 71,45 71,84 72,23 72,61 73,00 73,39 

73,79 74,17 74,57 74,97 75,37 75,77 76,17 76,59 76,99 77,40 

77,81 78,23 78,64 79,05 79,47 79,89 80,32 80,73 81,16 81,59 

82,03 82,45 82,89 83,32 83,76 84,20 84,64 85,08 85,53 85,97 

86,43 86,88 87,33 87,79 88,25 88,71 89,17 89,64 90,ll go,57 

91,04 91,52 91,99 92,47 92,95 93,43 93,91 94,40 94,88 95,37 

95,87 96,36 96,85 97,35 97,85 98,36 98,85 99,36 99,88 100,39 

100,89 101,41 101,93 102,45 102,97 103,51 104,04 104,57 105,09 105,63 

106,17 106,71 107,25 107,79 108,33 108,89 109,44 109,99 1 IO,55 111,11 

Ill,67 112,23 112,80 113,37 113,93 114,51 115,08 115,65 116,24 116,83 

117,41 118,00 118,59 119,17 119,79 120,37 120,99 121,57 122,19 122,80 

13 Determination of flowrate 

13.1 General 

The measurement of flowrate may be carried out in accordance with IS0 5167-1 and 3966, and any flowrate 
measurement obtained in this way will conform to the requirements of this International Standard. 

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

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

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

13.2 In-line flowmeters (standard primary devices) 

13.2.1 The flowmeters which may be used are the Venturi nozzle, the orifice plate, the conical inlet and the inlet 
nozzle. 

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

The conical inlet and the inlet nozzle may only be used at the inlet to an airway, drawing air from free space. 

The requirements for these instruments and for the simplified installations in which they may be used are given in 
clauses 22 to 26 and in IS0 5167-1. 

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

qrn 

where 

qm is the mass flowrate, in kilograms per second; 
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d is the throat diameter, in metres; 

pu is the upstream density, in kilograms per cubic metre; 

Ap is the pressure difference, in pascals; 

a is the flow coefficient; 

is the expansibility factor. 

Normally, 0, should be the fluid temperature upstream of the flowmeter. 

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

0 -u = -sgu - 0 siz +prxorP,, 

24 P$p 4mCp 

where 

P, or P,, is the power provided by any auxiliary fan; 

Au is the area of the duct upstream the flowmeter; 

AU = 00 for an inlet orifice or an inlet nozzle. 

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

0 “U= 
pr ore? 622 

%g1+-- 
4mcp 24 P3p 

The value of qm is obtained by an iterative procedure. 

For a given device, E is a function of the pressure ratio and a is a function of the Reynolds number. Values for these 
coefficients are given in clauses 22 to 26, tables 5 and 6, and figures 18, 22 and 24 to 28. 

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

13.2.4 The values for the uncertainties of the flow coefficient associated with each flow metering element are 
given in clauses 22 to 26. It shall always be possible to reduce the uncertainties associated with any in-line 
flowmeter installation different from those defined in IS0 5167-1 by calibrating the installation against an improved 
or calibrated standard device in accordance with IS0 5167-I. 

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

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

13.2.7 In-line flowmeters are normally used for tests in a laboratory; they may however, be used for site tests, 
provided the installation meets the appropriate requirements specified in clauses 22 to 26. 

13.3 Traverse methods 

The local velocity should be measured at a number of positions across a duct and the individual velocity values 
combined, using an integration technique, to yield an estimate of the mean velocity in the duct. Measurement of 
the cross-sectional area of the duct in the traverse plane then allows calculation of the flowrate (see clause 11 and 
27) . 

In standardized airways, a Pitot-static tube conforming to the requirements of IS0 3966 [see figure 29 a), b), c) and 
d)] shall be used. 
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Figure 3 - Pressure loss and pressure difference of standard primary systems 

14 Calculation of test results 

14.1 General 

Specific instructions for the calculation of fan performance from measurements at a single test point are given in 
clauses 18 to 35 depending on the test method used. 

The method of calculation in the general case of compressible fluid flow is explained in this clause. The use of 
simplified methods and their limitations are given in 14.9. 

14.2 hits 

The units throughout these calculations shall be the SI units given in clause 4. The results will then also be sn these 
units, viz. pressure in pascals (Pa); power in watts (W); volume flow in cubic metres per second (m3.s1). 
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14.3 Temperature 

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

The static temperature Ox is determined in accordance with 14.4.3 and used in the fluid state equation to calculate 
the density. 

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

0 lsgl = "sg3 = "a 0 0 

except when an auxiliary fan is used upstream of a test chamber or test airway. 

14.3.3 The stagnation temperature at the fan outlet Osg2 and in the downstream airways is equal to the stagnation 
temperature at the fan inlet, increased by the temperature rise through the fan which is dependent upon the 
impeller power p,, the mass flow qm and the heat capacity of air at constant pressure cP. 

@sg2 
pF orP, 

= osgj + - 
4mCp 

= @sg4 

NOTES 

23 In the above expression, cp can be taken as 1 008 J - kg-1 . K-1 as a first approximation for air. 

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

14.3.4 When the above conditions do not apply, for instance if the impeller power is not measured, the stagnation 
temperature shall be measured by a measuring device (e.g. thermometer) inserted into the airway in accordance 
with 8.2 at a point where the velocity does not exceed 35 ms-1 provided this is reasonably close to the relevant 
section. 

14.3.5 The fluid temperature at section x, O,, is less than the stagnation measured or derived temperature at that 
section. It is expressed in terms of the Mach number Ma, and of the stagnation temperature Osgx as: 

0 “sgx ---=I+- K--lMa2 

0, 2 x 

The ratio 

0 "sgx 
0 -X 

is plotted in figure 4 as a function of Ma,. 

Because Max is usually unknown, 0, shall be calculated from: 

the mass flowrate, qm, 

the stagnation temperature, esgx, 

- the section area, A,, 

the pressure px or the stagnation pressure at section x, psgx, 

in accordance with 14.4.3. 
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Figure 4 - Changes in FMx and the ratio Osgx/Ox as functions of Ma, 

14.4 Mach number and reference conditions 

14.4.1 General 

When carrying out low-pressure fan tests using standardized airways, it is usually agreed that the air velocity is 
sufficiently low so that its influence on parameters such as gas pressure, temperature and density can be 
neglected. For high- or medium-pressure fans, a distinction shall be made between the stagnation and the static 
values, of pressure, temperature and density, unless the reference Mach number is less than 0,15, corresponding 
to a velocity of standard air of 51,5 m a s-1. 

The Mach number of 0,15 is considered as the limit above which this distinction shall be made. 
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14.4.2 Reference Mach number 

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

“rn2 
IWQ2ref =Cref= 

4m 4 

f42Pq/zq- = f42Psglgk&F 

It is assumed that the air reference conditions are those in the test enclosure. The reference Mach number limit 
above which a distinction between the stagnation and static values of temperature, pressure and density shall be 
made is regarded as equal to 0,15. 

14.4.3 Mach number at a section x, Ma, 

It is defined as the mean velocity at the section x, vm,, divided by the velocity of sound cx at the same section, i.e. 

Max = “rnx - 4m 
CX - AxPxJKR,q( 

where 

“rnx =4m 
AXPX 

14.4.3.1 Calculation of Ma, and Ox when px and OSsx are known 

Assuming that 

M2 - - 

and 

%JX -= 1+Jl+4M2 

0, 2 

@SSX 
0, 

and Ma, are plotted as functions of M2 in figure 5. 

14.4.3.2 Calculations of Ma, and 0, when pSgx and OSgx are known 

Assuming that 

2 2 

Maggx = qrn - 4m - 
A; p$gx K R, osgx Ax2 K Psgx Psgx 

the Mach number Ma, is given by: 

Ma, = Masgx I+ I,21 7 Mazgx + 1,369 Mazgx + 10 Matgx 

For K= I,4 and Masgx 6 0,45 
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Figure 5 - Changes in Ma, and the ratio Osgx/Oxas functions of M2 
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R, = 288 J=kg-'OK-' 

F- 

w 0,3 0,4 OS 
hgx 

Figure 6 - Changes in the ratio Max/Masgx as a function of Masgx 

14.4.4 Calculation of the density, px at a section x and mean velocity vmx 

If the Mach number Max is calculated in accordance with 13.4.3.1 or 13.4.3.2, the ratio: 

0 “sgx 
0 -X 

is given by the following expression: 

0 -sgx -=I+- K-1Ma2 

2 X 

and 

( 1 

K 
Psgx 0 -sgx K-l -= P 

Px 0, 

and 

( 1 
1 

Psgx @sgx K - -= - 
Px 0, 
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The mean velocity in the section x may be determined by the following expression: 

“rnx p-S- 
AXPX 

where -I -I 
=px= 

r4< &,,9( psgx 
lc--? _ Psgx 0 -sgx Ic-’ 

[ 1 - RwOsgx 9( 

14.5 Fan pressure 

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

PF = kg2 - Psgl 

The stagnation pressure psgx in any duct or chamber section x (with an area,A,) is given by 

Psgx = Px + PdxFh/lx 

where the conventional dynamic pressurepd, at section x is defined by: 

I 2 I C?m2 
7 

Wmx =- - 

( 1 2h Ax 

with px =A%-- 

RW@X 

The Mach factor FMx for pressure correction is given as a function of Max by the expression 

Psgx - Px 
Fhllx= 1 

Ma: Ma: Ma! 
=l+- 

+ 
-+ -+... 

2 4 40 1600 
- 2 Pxvmx 

for K= I,4 (see 3.21) 

and is plotted in figure 4 as a function of Ma,. 

NOTES 

25 The difference between the gauge stagnation press Ure Pesgx at section x of the test airway and the total pressure Ptx used 
in earlier standards is very small at low velocities when t .he Mach number Ma, is less than 0,15 (= 0,006 &jx). 

26 The fan pressure ma y be also defined as the difference 
and the gauge stagnation pressure at the in let of the fan. 

PF = Pesg2 - Pesgl = Pe2 + Pd2FM2 - (Pel + Pdlhll) 

where pel s 0 

14.5.2 The fan static pressure PsF is, by internat ional agreement, defined a 
pressure at the outlet of the fan and the stagnation pressure at the in let of the 

n the gauge stagnation pressure at the outlet of the fan 

s the difference 
fan . 

PsF = P2 - kg1 

when Psgxf @sgxr 4m and Ax are known for a section x, px is calculated by the following method. 

After the determination of Ma, in accordance with 14.4.3.2, px is given by: 

between the static 

Psgx 
1 = Psgx 

Psgx 
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is shown on figure 7 as a function of Ma, 

and 

Px = Psgx - PdxFMx = Psgx - - 

with FMX being determined in accordance with 14.5.1 and figure 4. 

0,85 

K = 1,4 Rw= 288 Jekg- ‘OK- ’ 

Figure 7 - Changes in the ratio px/psgx as a function of Ma, 

14.6 Calculation of stagnation pressure at a reference section of the fan from gauge pressure, 
Pexl measured at a section x of the test duct 

Assuming 

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

Ax the area of the measuring section of the test duct (x = 3 for inlet, x = 4 for outlet). (See figure 8.) 
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The absolute pressure at section x is given by: 

Px = Pex + Pa 

and, in accordance with 14.3.2, 14.3.3, 14.3.4, 

@sgx = @sgn 

Ma, and 0, are calculated in accordance with 14.3.5, 14.4.3.1 

“rnx 
= 4171 

AXPX 

The stagnation pressure at reference section n is given by 

Psgn = Px + 5 L~&&$~IIx[~ + (L-x)x] 

where 

lated f (&x)x is the energy loss coefficient between section n and section x calcu 
with 30.6. 

or section x in accordance 

(&-x)x a 0 for an outlet test duct 

(m-x)x s 0 for an inlet test duct 

NOTES 

27 pex is negative for an inlet test duct or an inlet chamber. 

28 It may be written: 

1 
Pesgn = Pex +s W~~x~iblX[~+ (L-x>,] 

14.6.1 Calculation of the fluid pressure at a reference section of the fan 

The fluid or static pressure in a reference section of the fan, pn, 
@sgn and An. 

is calculated in accordance with 14.5.2 from Psgn, 

A3 AI A2 A4 

. 
, 

\ 

c \ 

. 

0 

\ 

- 

Fan 
\ I 

3 C 
/ 7 

d . 

. - 

Figure 8 - Measurement planes and reference planes 
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14.7 Inlet volume flowrate 

The methods of flow measurement in this International Standard lead to a determination of the mass flowrate qm. 
In the absence of leakage, qm will be constant throughout the airway system. 

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

Wsgl =4m 
Psgl 

where 

Psgl 
Psgl =- 

hl@sg1 

14.8 Fan air power and efficiency 

Three methods are proposed: 

- the first is derived from the concept of work per unit mass; 

- the two others use the concepts of volume flowrate and pressure with a correction factor to take into 
account the influence of fluid compressibility. 

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

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

One has 

2 
P2 - Pi + b2 2 

Y 
%I z-------------- --- 

~&+&k$ ;(-%-) 

where 

Pm 
PI + P2 =- 

2 

PI PI =- 
&@I 

P2 
P2 =- 

&Iv@2 

p1 and p2 being calculated in accordance with 14.5.2. 

The fan air power P, is equal to the product qmy. 

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

impeller power, Pr, 

shaft power, P,, 

motor output power, P,, 

motor input power, Pe; 
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14.82 Calculation of fan air power and efficiency from fan volume flowrate and fan pressure 

One has: 

pu = cwsgl PF $3 
where 

qvsgl is the volume flowrate at inlet stagnation conditions; 

PF is the fan pressure, psg2 - psgl ; 

kP is the correction factor for compressibility effect. 

The various efficiencies are calculated from the various types of power supplied in the same way as in 14.8.1. 

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

NOTE 29 The fan air power calculated by this method is always less than that calculated in accordance with 14.8.1 (= 2 x 1 O-3 
to 3 x 10-q. 

14.8.2.1 Calculation of compressibility coefficient, k, 

The pressure ratio I- is calculated as 

r=l+PF 
Psgl 

where 

?‘F is the fan pressure according to 14.5.1; 

Psgl is the stagnation pressure at the fan inlet. 

Assuming that 

K - 1 Psglpr 

zk =K 

K-l pr -=-- 

qmPF K qvsgl PF 

k, is given by 

k, = zk logI 0 I- 
lo~lo[l+ zk(‘. - I)] 

and is plotted in figure 9 as a fonction of the pressure ratio r and of the coefficient & 

NOTE 30 k,and psgl/pmsg differ by less than 2 x 1 O-3, where hSg = Psgl + Psg2 
2 

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

In(l+x) 2, 
kP= x In(l+Zp) 

where 
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x PF =-y--l 
Psgl 

and 

zP 
K-l pr =- 

K Wsgl Psgl 

k, is plotted in figure 10 as a function of x and 2,. 

0 

I 
I 

I 
! I 
I 

I 
I 

I I 
I I 
I I l 
I 1 

I I 
I I 
I I 
I I 

c, si 0 0’ 0 9 Y-Q/ 
/ 

/ 

I 

5 
I I I 

I L I 1 
I I 

7 - I,28 I,, 

Pressure ratio,r 
I,04 I,08 I,12 I,16 I,24 

Figure 9 - Chart for determination of the compressibility coefficient, k, 
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14.8.2.2 Determination of the fan work per unit mass from the fan air power, P, 

The fan work per unit mass y may be determined using the following expression: 

Y 
pu z-z 4J 
4m Wsgl Psgl 

where 

& = qvsgl PF kP 

in accordance with 14.82 and 14.821. 

14.8.3 Conventional static efficiency 

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

One has 

2 

Ys 
P2 - PI vml =--- 

d-n 2 

Pm 
PI + P2 =- 

2 

The fan static air power is equal to the product qm ys therefore 

P us = 4mYs 

The various efficiencies are calculated from Pus in the same way as in 14.8.1. 

14.8.3.2 Calculation of the fan static air power from the fan volume flowrate and fan static pressure 

The fan static power is given by the following expression: 

P us = qVsg1 PsF kPs 

where k,, is calculated in accordance with 14.8.2.1, 

and 

r=l+& 
Psgl 

x = PsF = r-1 
Psgl 

and 

zk 
K - 1 Psglpr =-- 

K %zPsF 

and 

zP 
K-l pr =- 

lc 4Vsgl Psgl 

Static efficiencies are determined from Pus in accordance with 14.8.1. 

NOTE 31 The fan static power calculated by this method is always greater than that calculated in accordance with 14.8.3.1 
(= 2 x lo-Q0 4 x 10-q. 
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14.8.3.3 Determination of the fan static work per unit mass ys from the fan static air power Pus 

The fan static work per unit mass ys is determined using the following expression: 

P = us - P 
Ys 

us - 
4m Wsgl Psgl 

14.8.4 Determination of the kinetic index at the fan inlet, &I or at the fan outlet ik2 

The kinetic index ikx is given by the following expressions: 

- at the fan inlet: 
2 

ikl 
vml =- 
2Y 

- at the fan outlet: 
2 

ik2 
vm2 =- 
2Y 

14.9 Simplified calculation methods 

When the reference Mach number Mazref and/or the fan pressure do not exceed certain values, simplified 
calculation methods may be used. 

14.9.1 Reference Mach number A4qref less than 0,15 but fan pressurepF greater than 2 000 Pa 

In this case: 

the Mach factor FMx may be taken as 1; 

the stagnation temperature Osgx and the static or fluid temperature Ox may be taken as equal and measured. 

14.9.1 .I Determination of mass flowrate 

The stagnation and static temperatures may be considered 
flowmeter may be measured. 

as equal and the temperature upstream of the 

The determination of flowrate does not need a trial and error procedure for the calculation of the density upstream 
of the flowmeter as described in clauses 22 to 27. 

0, = t, + 273,15 = Osgu 

Pu = Peu + Pa 

However, the Reynolds nu mber correction on the flow coefficient of the flowmeter a 
determination of the ma ss flowrate and of the corresponding Reynolds n umber. 

14.9.1.2 Determination of the stagnation pressure at section x, psgX 

In accordance with the assumptions described in 14.9.1 we have 

- for an outlet duct: 

02 
eOrP, 

= 04 = osg2 = osg4 = OS91 + - 
4mCp 

should be applied after a first 

(the temperature Osg4 can be measured), 
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- for an inlet duct: 

01 = @sgl = @cJ = osg3 

The absolute pressure in the section of measurement is given by the expression 

Px = Pex + Pa 

and 
-1 2 Psgx = Px + 1 Pxvmx 

or 

1 

( 1 

2 
qrn psgx=px+- - 

2P x Ax 

The gauge stagnation pressure, Pesgx, is given by the following expression: 
I 

Pesgx = Pex + 7 Pxvix 

1 

( 1 

2 

= Pex + 4m -- 
2Px Ax 

14.9.1.3 Determination of the stagnation pressure at a reference section of the fan from the fluid pressure 
measured at section x, pex 

Assuming 

A” the area of the reference section (n = 1 for fan inlet, n = 2 for fan outlet) 

A, the area of the measuring section of the test duct (see figure 8) (x = 3 for an inlet duct, x = 4 for an outlet 
duct). 

Given that 

0 %gx = lsgn 0 = 9( = on 

=-ILL 
vmx AXPX 

the stagnation pressure at section n is given by 

Psgn = Px + 5 Pxvtx[l + (L-x)x] 

or 

1 
Psgn=Px+- - 

2P 
x 

( 1 
2 2[l+(L-x)x] 

K -x)x is the energy loss coefficient between section n and section x calculated for section x in accordance with 
clause 30.6: 
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(C ) 2 0 for an outlet test duct n-xx 

(C 1 c 0 for an inlet test duct n-xx 

NOTES 

32 The gauge pressure pex is negative for an inlet test duct or an inlet test chamber. 

33 The gauge stagnation pressure at section n is given by the following expression: 

Pesgn = Pex + 2 Wimx I 2 [l+(Cn-x)x] 

= Pex + 2b, [p)2p+ (L-x)x] 
X 

14.9.1.4 Determination of the static pressure at a reference section of the fan 

In accordance with 14.9.1.2: On = @sgn = 9( = osgx 

2 2 

Pn = Psgn - Pn 
Vmn I qm 

2 = Psgn - - - 
t 1 2A7 A, 

where 

but pn is unknown. 

Assuming that for a first approximation: 

1 = Psgn = R 
Psgn Psgn =- @ 
w sgn 

1 

t 1 

L 

( > Pn 1 
qm 

= Psgn - - - 
2 (Pn)l An 

and 

( 1 Pn 1 

Pn=R,O, 

1 

( 1 

2 

Pn 
qm -- - 

= Psgn zpn A, 

1 
Pen 

qm -- - 
= pew zpn 4 

t 1 

Two or three iterations are sufficient for an accuracy of IO-3 on pen; pn may be obtained by the following equation: 
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14.9.1.5 Calculation of fan pressure 

The fan pressure PF and fan static pressure PsF are given by the following expressions: 

PF = kg2 - kg1 = Pesg2 - Pesgl 

PsF = P2 - kg1 = Pe2 - Pesgl 

14.9.1.6 Determination of fan air power, Pu 

The fan air power, Pu, the fan static air power, Pus, and the fan work per unit mass y and y, are calculated in 
accordance with 14.8.1, 14.8.2, 14.8.3. 

The various efficiencies are calculated from Pu or Pus and the various types of power supplied to the fan in 
accordance with 14.8.1. 

14.9.2 Reference Mach number Ma2ref less than 0,15 and fan pressure PF less than 2 000 Pa 

In this case, 

- the Mach factor FM~ may be taken as 1; 
- the static and stagnation inlet temperatures and the static and stagnation outlet temperatures may be taken as 

equal, and, in the absence of an auxiliary fan upstream of the test fan, equal to the ambient temperature: 

the air flow through the fan and the test airway is considered as incompressible; 
- in the presence of an auxiliary fan, the airflow is considered as incompressible between sections 3 and 4 (see 

figure 8). 

14.9.2.1 Determination of mass flowrate 

In accordance with 14.9.1 .I 
PU = Peu + Pa 

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

14.9.2.2 Determination of the stagnation pressure at section x, psgx 

According to 14.9.1, 14.9.1.2 and 14.9.2 

PX = Pex + Pa 
2 1 I 

Psgx = Px + 
2 

PI 
2 

vmx = Px + 

4m 

- 2Pl ( - 1 Ax 

or 

I 4m 

( 1 

2 

Pesgx = Pex + - - 2Pl Ax 

where, in the absence of an auxiliary fan upstream of the test fan, 
Pa =-=-= Pa Pa 

‘I Rw@sgl &@a 

With an auxiliary fan upstream of the test fan, 

P3 
p1=p2=P3=P4=R,og 
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14.9.2.3 Determination of the stagnation pressure at a reference section of the fan from the gauge 
pressure measured at section x, Pex 

In accordance with 14.9.1.2 and 14.9.2 

Psgn = Px + 1 PI vmx I * [1+(&-x)x] 

=px+- 2b, [p)* [1+ (L-x)x] 
X 

The gauge stagnation pressure at section n is given by the following expression: 

Pesgn = Pex + - 2k (F)* [1+ (L-x)x] 
X 

14.9.2.4 Determination of the static pressure at a reference section of the fan 

In accordance with 14.9.2 and 14.9.2.2 

I 
Pn = Psgn 

2 
-?Plvmn 

Pn 

which may also be written 

Pen 

14.9.2.5 Fan pressure 

The fan pressure PF and the fan static pressure PsF are given by the following expressions: 

PF = kg2 - kg1 = Pesg2 - Pesgl 

PsF = P2 - kg1 = Pe2 - Pesgl 

14.9.2.6 Determination of fan air power, PU 

The fan air power PU and the fan static air power PUS are calculated by the following expressions: 

pu = Wsgl PF 

P us = qVsg1 PsF 

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

15 Rules for conversion of test results 

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

In most tests completed on fans, it is not possible to exactly reproduce and maintain the operating and/or driving 
conditions on the test airway as specified in the operating conditions. 

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

For very large fans, model tests may be conducted in standardized airways when a full-scale test is impracticable 
owing to the limitations on power supply or dimensions of standardized test airways. 
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15.1 Laws on fan similarity 

15.1.1 Similarity 

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

15.1 .I .I Geometrical similarity 

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

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

All corresponding angles shall be equal. 

15.1 .I .2 Reynolds number similarity 

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

&A 
uDrPsgl z-z uDrPsgl 

P PeN@sgl 

When the peripheral Reynolds number increases, the friction losses decrease. 

Therefore efficiency and possibly performance may increase. 

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

15.1 .I .3 Mach number and similarity of velocity triangles 

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

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

For fans, the peripheral Mach number is given by. 

Mau = &i&y 

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

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

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

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

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

NOTE 34 There are never shock waves in fans: Ma < 0,7. 

15.2 Conversion rules 

The subscript Te is applied to the test measurements and test results, and the subscript Gu to the operating 
conditions and performance guaranteed by contract. 
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Figure 11 shows the permissible variations of the ratio 

Re uTe 
Re UGU 

as a function ReuGu, and figure 12 gives an indication of the variations of the ratio I’ZGu/PZTe as a functiOn of kPGU and 
A$), 

where 

15.2.1 Conversion rules for compressible flow 

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

i-” 3 
3 3 

se 

20 

10 

5 

3 

2 

1 

005 

083 

02 

0,1 

0,05 

Unacceptable zone 

Permissible zone 

IO4 IO8 
Re UGU 

Figure 11 - Permissible variations of ReuTe/ReuGu as function of ReuGU 
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Rw= 288 J=kg-'OK-' 
0,9 ' ?-)r > o,-? 

1 

- 0,06 

- 0,05 
- 0,04 
- 0,03 

- 0,oz 

- 0,Ol 

AkP 
+ 0,Ol 

+ 0,02 

+ 0,03 

+ 0,04 

+ 0,05 

+ 0,06 

- 
- 

- 
- 

- 

1 0,99 0,98 0,97 0,96 0,95 0,94 0,93 0,92 0,91 0,9 
k P&U 

Figure 12 - Variation of nGu/ IZTe as a function of kpGu and Ak, 

15.2.1.1 Conversion rules for a change of more than + 0,Ol in the compressibility coefficient, k, 

These conversion rules can be represented by the following expressions, in which q is an exponent which may vary 
from one design to another, values from 0 to - 0,5 having been demonstrated. 

A type-test is recommended (which may be at model scale) to determine the range of pressure ratio r and the 
range of fan characteristic on either side of the best efficiency point, over which q may be regarded as constant 
without unduly increasing the uncertainty of performance prediction. 

An agreement between purchaser and manufacturer is needed to apply these conversion rules. 
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The compressibility coefficient kpGu after conversion may be found from the following approximate formula, which 
is correct within a few parts per 1 000: 

RwTe -sg 1 Te 
; ]$[ -$;;]=k* 

RwGu -sgl Gu 

where 77 is qr or qsr. 

The fan performance after conversion may then be found from the following expressions: 

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

These expressions are established in the case of change in: 

- rotational speed, N, or rotational frequency, n; 

- impeller diameter, Dr; 

- gas: R,, K; 

- inlet temperature, @sgl and density, psgl. 

NOTE 35 Simplifications may be introduced as functions of the parameters which.may be regarded as constant. 

15.2.1.2 Conversion rules for a change of less than + 0,Ol in compressibility coefficient k, 

In the limits of the peripheral Reynolds number allowed according to figure 11, the following expressions may be 
applied. 

The compressibility coefficient for guaranteed conditions kpGu may be estimated from the formula given in 15.2.1 .I. 

The fan performance after conversion may then be found using the following expressions: 
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kpGu 

kpTe 

where q is qr or qsr, and 4 is an index which may vary from one design to another, values from 0 to - 0,5 having 
been demonstrated. 

NOTE 36 Simplifications may be introduced as functions of the parameters which may be regarded as constant. 

152.2 Simplified conversion rules for incompressible flow 

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

gvsgl Gu 

qVsg1 Te =[z)(%) 

m&+JpGL)‘[&w]=hEG& 

3G&J[~~[!!e) 

15.2.3 Shaft power and impeller power 

The measured and specified input powers will usually be the fan shaft power PaTe and Pa~u. 

lt may be necessary t0 estimate the bearing IOSSeS PbTe at nTe and PbGu at nGu and t0 use the relations 

P rTe = &Te - PbTe 

and 
P aGu = 4Gu + PbGu 

in order to carry out the conversion specified in 15.2. 

However, the error incurred by assuming 

P rGu 
P rTe 

as equal to 

P aGu 
P aTe 

will not exceed the following, in percent, 

2oo (nGu - nTe) Pb 

nTeG 

which is often negligible. 
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16 Fan characteristic curves 

16.1 General 

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

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

16.2 Methods of plotting 

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

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

For fans for wh 
using the ratio 

Psgl 

PI =- 
kp P m 

ich the fan pressure is more than 2 000 Pa, indications of the fan outlet density shall be plotted 

16.3 Characteristic curves at constant speed 

Fan characteristic curves at constant rotational speed are obtained from results converted in accordance with the 
rules given in clause 15 to a constant stated, rotational speed NGu, to a constant stated density psglGu, which 
should, unless otherwise agreed, be I,2 kg. m-3, and to a stated absolute inlet stagnation pressure psglGu. 

The fan pressure PF and the fan static pressure PsF or either one of them together with the fan dynamic pressure 
corrected for the Mach number effect: p&h/12 shall be plotted against the inlet volume flowrate qvsgl. The fan 
efficiency qr and/or the fan static efficiency qsr or their shaft power equivalents may also be plotted. 

An example is given in figure 13. 

16.4 Characteristic curves at inherent speed 

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

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

16.5 Characteristic curves for adjustable-duty fan 

Adjustable-duty fan characteristic curves are required for fans having means for altering their performance, such as 
variable-pitch blades or variable inlet guide vanes. A family of constant speed characteristic curves at I,2 kg- m-3 
inlet density is recommended, selected at suitable steps of adjustment over the whole available range of volume 
flowrates. Efficiencies may be shown by means of smooth contours drawn through points of equal efficiency on 
the fan pressure characteristic curve. An example is given in figure 14. 
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Figure 13 - Example of a set of complete, constant-speed, fan characteristic curves 

16.6 Complete fan characteristic curve 

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

Only part of this curve is normally used however, and it is recommended that the supplier should state the range of 
inlet volume flowrates for which the fan is suitable. 

The plotted fan characteristic curve may then be limited to this normal operating range. Outside the normal 
operating range of inlet volume flowrates, the uncertainty of measurement is liable to increase and unsatisfactory 
flow patterns may develop at inlet or outlet. 

16.7 Test for a specified duty 

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

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

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

NOTE 37 Deviations or tolerances should be determined in accordance with the planned IS0 standard concerning fan 
tolerances. 
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17 Uncertainty analysis 

17.1 Principle 

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

Accordingly, the quality of a measurement or a result is a function of the associated error. Uncertainty analysis 
provides a means of quantifying the errors with various levels of coverage. The quality of any fan test is best 
evaluated by performing an uncertainty analysis. 

IS0 5168 includes an excellent discussion of uncertainty analysis that can be applied to all aspects of fan testing, 
not just fluid flow measurements. The concepts contained in IS0 5168 provide the basis for the following. 

In this International Standard, 95 % coverage is required. 
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Figure 14 - Example of characteristic curves for an adjustable-duty fan 
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3,4 m35-l at 1100 Pa 

3 32 3,4 X6 33 
Inlet volume flowrate,q~,,1 (m3=s1) 

installation type B 

Figure 15 - Example of test for a specified duty 

17.2 Pre-test and post-test analysis 

A pre-test uncertainty analysis is recommended to identify potential measurement problems and to permit design 
of the most cost-effective test. A post-test uncertainty analysis is required to establish the quality of the test. This 
analysis will also show which measurements were associated with the largest errors. 

17.3 Analysis procedure 

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

The procedure outlined in IS0 5168 includes the following steps: 

a) list all possible sources of error; 

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

c) for each measuremen 
root-su m-sq uare method; 

t combine separately the element bias limits and the element precision indices by the 

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

f 1 

calculate the uncertainty for each parameter; 

establish the uncertainty interval for each parameter. 

NOTE 38 In addition 
from using formulas. 

to measurement errors, there may be errors associated with extracting data from tables or charts, or 

17.4 Propagation of uncertainties 

IS0 5168 explains how to combine the uncertainties due to calibration errors, data acquisition errors, data reduction 
errors, errors of method and personal errors into an uncertainty of a measurement. It also details how to propagate 
various measurement and other uncertainties into an uncertainty of a result. It is important to maintain a separate 
accounting of precision indices and bias limits, even though they may be combined in the ultimate calculation. 

17.5 Reporting uncertainties 

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

a) 

b) 

d 

the test value2) of the parameter; 

the precision index and associated degrees of freedom, V; 

the bias limit; 

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

EXAMPLE 

a) R=qv=5mh--1 

b) s = 0,05 rn3. s-1 v=5 

c) B = 0,025 rn3. s-1 

d) U=,/m (U corresponds to URSS in IS0 5168) 

u 0,131 
then u=-=- 

R 5 

17.6 Maximum allowable uncertainties measurement 

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

Table 2 contains a summary of maximum allowable relative uncertainties for each of the parameters measured, 
either directly or indirectly, during a fan test. The instrument (or combination of instruments) used to determine the 
parameter value must be sufficiently accurate so that when the various error estimates are combined, the resulting 
uncertainty will not exceed the value given in table 2. 

2) The best estimate of a parame 
average result. 

ter is the test value. This estimate can be im proved by repeating the test and using the 
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17.7 Maximum allowable uncertainty of results 

The different parameters comprising the results of a fan test are listed in table 3. Also listed is the maximum 
allowable relative uncertainty for each result, if the test is to qualify as a test conducted under this International 
Standard. Better quality (lower uncertainty) results might be attainable by using instruments with proven 
uncertainties lower than those required to satisfy the preceding subclause. 

The uncertainties in table 3 are based on 95 % confidence level. Precision indices and bias limits are not separately 
stated. Nevertheless, any test conducted in accordance with this International Standard should include an 
uncertainty analysis. The precision indices and bias limits should be listed separately in such an analysis. 

18 Selection of test method 

18.1 Classification 

The fan to be tested shall be classified according to one of the four types specified in 18.2. The supplier should 
state the type or types of installation for which the fan is intended, and the user should select from the types 
available the one which is closest to his application. 

18.2 Installation types 

The four types of installation are as follows: 

- type A: free inlet, free outlet; 

- type B: free inlet, ducted outlet; 

- type C: ducted inlet, free outlet; 

- type D: ducted inlet, ducted outlet. 

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

Free inlet or outlet signifies that the air enters or leaves the fan directly from or to the unobstructed free 
atmosphere. Ducted inlet or outlet signifies that the air enters or leaves the fan through a duct directly connected 
to the fan inlet or outlet respectively. 
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Table 2 - Maximum allowable uncertainties of measurement of individual parameters 

Parameter Symbol 

Atmospheric pressure 

Ambient temperature 

Humidity h” Uh” = k 0,2 % 

Gauge pressure Pe upe = + I,4 % 

Differential pressure 

Rotational speed of 
impeller 
Rotational frequency of 
impeller 
Power input 

Area of a nozzle throat Ad 
Area of a duct Ax 
Mass flowrate 4m 

Parameter Symbol Relative uncertainty 1 Remarks 

Ambient density Pa Upa = + 0,4 % 

Fan temperature rise A0 u&j= k 2,8 % 

Outlet stagnation 
temperature 

ueg2 = + 0,4 % 
uAoAO 

0 -sg2 

Outlet stagnation density Psg2 upg2 = + 0,7 % %2 

Dynamic pressure i’d2 up&J = + 4 % 

Fan pressure PF upF = k I,4 % = Upe 

Fan air power P” up” =-t 2,5 % 

Fan efficiency 

Fan flowrate 

Pa 

@a 

AP 

N 

n 

pr 

Relative uncertainty 
of measurement 

Upa = + 0,2 % 

U@a = k 0,2 % 

U& = + 1,4 % 

UN = + 0,5 % 

un = + 0,5 % 

Upr = + 2 % 

U&j = f: 0,2 % 
UAx = + 0,5 % 

Remarks I Clause or 
subclause I 

corrected for temperature and 
altitude 
measured near fan inlet or inlet 
duct, or in a chamber where the 
velocity is less than 25 m s-1 
(0,5 “Cl 
uncertainty in air density due to 
an uncertainty of + 2 “C in 
(fd - fw) for td = 30 “C 
static pressure greater than 
150 Pa: combining 1 % mano- 
meter and 1 % reading fluctu- 
ation uncertainty may be 
reduced to 1 % or less for high- 
pressure fans as a function of 
fluctuations. 
as for gauge pressure 

may be reduced to 0,2 % by 
use of electrical scanning 
as for rotational speed 

measured by torquemeter or 
two-wattmeter method 
uncertainty according to class of 
wattmeter and transformer 
lQ=O,l % 
lQ=O,l % 

6.1 

8.1 

8.3 

6.2 
6.3 

6.2 
6.3 

9 

9 

10 

11 
22 to 27 

Table 3 - Maximum allowable uncertainty for the results 

4m Or 4V 

uqr = f: 3,2 % 

UymorUyV=f2 % 

II l& + Uh; + up; 

J 4utm +4u; 2 + up2 

2 2 
l$rn + upF 

J 2 2 
4% + Qr 

see individual clauses for 
various flow measurement 
methods 
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18.3 Test report 

All references to fan performance stated to be in accordance with this International Standard shall also state the 
installation type to which they refer. This is because a fan adaptable for use in all four installation types will have 
differing performance characteristics for each installation, the extent of the difference depending on the fan type 
and design. 

In reporting a test, the method selected from clauses 32 to 35 shall also be stated, but this is not necessary for 
catalogue data or contracts of sale since the alternative methods permissible within each installation type may be 
expected to give results falling within the uncertainty of measurement. 

18.4 User installations 

In selecting a type of installation to match his system, the user should note that a system connected to the fan 
through a length of duct equal to one diameter is usually sufficient (see 30.3) to establish ducted inlet performance 
provided bends, sudden expansions or other upstream sources of flow separation are not too close by. 

On the outlet side a duct length of two or three diameters is required to establish ducted outlet performance. 

Rectangular-to-round transition has little effect provided there is no change in cross-sectional area. A change in 
performance may be expected when the cross-sectional area is increased through a diffuser fitted to the fan outlet, 
both for free outlet and ducted outlet systems. 

18.5 Alternative methods 

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

Th e alternative sta ndard 
33 ,34 and 35 and in the 

ized airways 
accompany1 

an d the requ 
4 figures. 

ired measurements and calculations are described in clauses 32, 

18.6 Duct simulation 

To limit the number of standardized airways required in a test laboratory, those designed for free inlet or outlet 
tests may be adapted to ducted inlet or outlet tests by the addition of the inlet and outlet duct simulation sections 
described in clause 30. 

Standardized airways designed for type A installation tests may be adapted to provide tests for type B, C or D 
installations. It follows that the inlet side or outlet side test chambers described in clause 31, which will also cover 
a wide range of fan sizes, are well suited to the needs of a permanent, universal, test installation. 

Standardized airways for type B or C installation tests may be adapted to provide tests for type D installations, 

19 Installation of fan and test airways 

19.1 Inlets and outlets 

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

It is nevertheless permissible, subject to prior agreement between supplier and purchaser, to determine the 
combined performance of the fan and a transition airway such as an inlet box or outlet diffuser which is not 
supplied with the fan. Such an addition shall be fully specified with the test report, and its inlet or outlet shall be 
regarded as the fan inlet or outlet for the purposes of test. 

19.2 Airways 

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

19.3 Test enclosure 

The assembly of the fan with its test airways should be so situated that, when the fan is not operating, there is no 
draught in the vicinity of the inlet or outlet of the assembly of speed greater than 1 m ‘s-1. Care should be taken to 
avoid the presence of any obstruction which might significantly modify the air flow at inlet or outlet. In particular, no 
wall or other major obstruction should be closer than two airway diameters from the inlet or outlet of the airways or 
the test fan. Greater unobstructed space at the inlet and outlet of flow measurement devices is specified in clauses 
22 to 26. The test enclosure shall be large enough to permit free return from outlet to inlet. 

19.4 Matching fan and airway 

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

19.5 Outlet area 

For the purpose of determining the fan dyna mic pressure, the fan out 
outlet flange or the outlet opening i n the cas .ing without deduction for 

et 
m 

area shall be ta ken as the gross area at the 
otors, fairi ngs 0 r other obstructions. 

Some free-outlet fans without casings have no well-defined outlet area. A nominal area may then be defined and 
stated, e.g. the area within the ring of a propeller wall fan or the circumferential outlet area of an open-running 
centrifugal impeller. The corresponding fan dynamic pressure and fan pressure will also be nominal and should be 
so described. 

20 Carrying out the test 

20.1 Working fluid 

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

20.2 Rotational speed 

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

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

20.3 Steady operation 

Before taking measurements for any point on the fan flowrate curve, the fan shall be run until steady operation is 
achieved within a band of speed fluctuation not exceeding 1 %. 

Readings of speed and power input shall be taken at each point on the fan characteristic curve. If they are 
fluctuating, sufficient readings should be taken to obtain, by averaging, a value which is compatible with the 
accuracy of measurement given in clauses 9 and 10. 
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20.4 Ambient conditions 

Readings of atmospheric pressure, dry-bulb temperature and wet-bulb temperature shall be taken within the test 
enclosure (except as permitted by the recommendations of 6.1) during the series of observations required to 
determine the fan characteristic curves. If the ambient conditions are varying, sufficient readings should be taken 
to obtain for each test point on the characteristic curve by averaging, a value which is compatible with the accuracy 
of measurement given in clauses 6 and 8. 

20.5 Pressure readings 

Pressure in the test airways should be observed over a period of not less than 1 min for each point on the fan 
characteristic curve. Rapid fluctuations should be damped at the manometer and if the readings still show random 
variations, a sufficient number of observations should be recorded to ensure that a time-average is obtained within 
the accuracy limits given in 6.3. 

20.6 Tests for a specified duty 

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

20.7 Tests for a fan characteristic curve 

Test for determining fan characteristic curves should comprise a sufficient number of test points to permit the 
characteristic curve to be plotted over the normal operating range. Closely spaced points will be necessary where 
there is evidence of sharp changes in the shape of the characteristic curve. 

20.8 Operating range 

Test points outside the normal operating range may be recorded, and the complete fan characteristic curve plotted, 
for information only. Tests made outside the normal operating range will not necessarily have the accuracy 
expected for tests made within the normal range. 

21 Determination of flowrate 

Six methods of flowrate measurement are listed in 21 .I to 21.6 and described in clauses 22 to 27. 

21.1 IS0 Venturi nozzle (see IS0 5167-I) 

- Inlet Venturi nozzle 

- In-duct Venturi nozzle 

- Outlet Venturi nozzle 

21.2 Multiple nozzle or Venturi nozzle 

- Multiple nozzle in test chamber 

- Inlet Venturi nozzle 

- In-duct Venturi nozzle 

- Outlet Venturi nozzle 

21.3 Quadrant inlet nozzle 

21.4 Conical inlet 

21.5 Orifice plate 

- Inlet orifice plate 

- In-duct orifice plate (see IS0 5167-I) 
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- Outlet orifice plate 

IS0 5801:1997(E) 

Orifice plate in chamber 

21.6 Pilot-static tube traverse (see IS0 3966 and IS0 5221) 

22 Determination of flowrate using IS0 Venturi nozzle 

22.1 Geometric form 

The nozzle dimensions are shown in figure 16 and are in accordance with IS0 5167-1:1991, subclauses 9.1 and 
10.2. The nozzle profile shall be axially symmetrical, the curved portion being checked by template. The throat shall 
be cylindrical, with no diameter differing from the corresponding mean diameter by more than 0,0005d, as 
measured in any plane at right angles to the axis of the nozzle. The roughness expressed by the arithmetical 
deviation of the profile surface (R,) shall not exceed IO-% (R, s 10-W. The throat, the two circular arcs and the 
flat face shall meet tangentially without perceptible steps. The nozzle axis and the axis of the airway shall be 
coincident. 

22.1.1 The throat diameter, d, is the ar .ithmetic mean of four 
taken at angular spacings of about 45O, in the plan e of the throat 

measurements, to within an accuracy of O,OOld, 
pressure tappings. 

22.1.2 The pressure tappings shall conform to the dimensions shown in figure 16, the requirements specified in 
clause 7 and IS0 5167-l :I 991 subclauses 9.1.5 and 10.2.3. 

22.1.3 The pressure difference Ap across the nozzle shall be measured in accordance with the requirements of 
clause 6 and 13.2.3. 

22.1.4 Except where otherwise specified, the included angle of the divergent section may lie in the range 
0” < 8< 30°. An included angle of 15” is recommended since the loss is then at a minimum. Except in the case of 
some type C installations (see clause 34), the Venturi nozzle may be truncated. The divergent section may then be 
shortened by about 35 % of its full length without greatly modifying the pressure loss in the device. The divergent 
or cylindrical connection piece shall be of length not less than 3d. 

22.1.5 The installation conditions and the length of the upstream and downstream ducts shall be in accordance 
with IS0 5167-1, clause 7. The diameter of the upstream duct shall be cylindrical, with no diameter differing from 
the corresponding mean diameter by more than 0,003D [see figure 17 a)]. 

22.2 Venturi nozzle in free-inlet condition 

22.2.1 Within the inlet zone defined in figure 17 b), there shall be no external obstruction to the free movement of 
air entering the inlet and the velocity of any cross-currents should not exceed 5 % of the nozzle throat velocity. 

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

22.2.3 Screen loading in accordance with the requirements of 25.2 and figure 17 c) is permissible with the free- 
inlet Venturi nozzle installation, but there will be an increase in the uncertainty of the flowrate coefficient a, and the 
pressure ratio rd should not be less than 0,90 if the uncertainty of flowrate determination is not to exceed + 2 %. 

22.2.4 Screen loading, in accordance with the requirements of 22.4.3 and figure 17 b), located not less than 4d 
downstream of the inlet face of the nozzle may be used without increasing the uncertainty of the flowrate 
coefficient a. 

22.3 Nozzle performance 

22.3.1 Diameter ratio 

In this International Standard the Venturi nozzle may be used in conditions ranging from a free inlet, i.e. p = 0, to a 
maximum diameter ratio p = 0,67 for an in-duct Venturi nozzle. 
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Tappings at 
90” intervals 

---- ---- 

0,304 Id ref. \ 

< 0,ZD 
0,45d 
0,40d 

1 
L 

=t 

* 

@a where a c 0,030 and I,5 z a 5 10 

where 2 5 6 2 5 10 and 621 0,04d 

-----_- cl -----_- 
8 

RI = 0,Zd 
R2= d/3 

Figure 16 - Geometry of IS0 Venturi nozzle 
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Contraction or expansion of 7” max. 

65 D min. - 

I) D = 1,5d min. 
298 530" 

f-- In accordance with 30.2 a), b), c) 

In accordance with 30.2 d) 1) 

8 = 15” for minimum loss 

a) In-duct Venturi nozzle 

1,5d d - 3d min. c 

t=1 
Ln 
6 

3d min. 

Pe 
expansion 

_------- 

/ Resistance screen in accordance 
Inlet zone shall be / L ISd -d__l 
free from obstruction 

- 
with 292.6, if required 

b) Free-inlet nozzle or conical inlet 

A 
tl In 6 

1 
I 

a : LA r- 

Inlet zone shalt be 
free from obstruction 

0,OSd max.-i ' /_ 

i 

Screen loading and supporting 
ring in accordance with 22.2 

c) Free-inlet Venturi nozzle or conical inlet with adjustable screen loading 

Figure 17 - Flow-metering installations 
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22.3.2 Flowrate coefficient 

The flowrate coefficient a is independent of Reynolds number within the following constraints: 

- diameter ratio: p = d/D where 0 G p s 0,67 

- throat diameter: d a 0,05 m 

throat Reynolds number: 

Red 
4qrn z-3 105 
‘TtM 

where 

P is the dynamic viscosity of air upstream of the nozzle; 

D 

d 

is the diameter of the upstream airway; 

is the nozzle throat diameter. 

Under these conditions it has been shown that the relationship between a and /3 is described by the following 
empirical expression: 

a= 0,985 8 - 0,l 96p4.5 
4 Q5 ( 1 1 P - 

22.3.3 Expansibility factor 

The expansibility factor E is related to the pressure ratio rd, where 

rd 
&L1_L!E 

Pu Pu 
(Ap is assumed to be positive) by the following expression which is valid when rd > 0,75: 

i 

K - 1 Q5 

Krd 
2/k 

1 P -4 - 
&= - 

l-rd K 

K-1 l-p4rd2/K l--rd 

22.3.4 Compound coefficient 

The compound coefficient a& is shown plotted against the ratio p in figure 18 for representative values of the 
pressure ratio rd. The mass flowrate is derived from the following expression: 

4m = am- 2p,Ap ",'r 
where pu is the density upstream of the nozzle. 

22.3.5 Calculation of the density upstream of the nozzle 

22.3.5.1 Venturi nozzle in free-inlet condition 

The density upstream of the nozzle is given by the following expression: 

=pu 
nJ &A/% 

where 

Pu = Pa 

0 -u= @a= t,+273,15 
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2 
& I,08 
.- 
U 

c 
4- 
61 
0  

i I,06 

z 
E 
3 

I,04 

I,02 

1 

0,98 

0,96 

0,92 

0,88 

0,84 

K= I,4 t-d = 1 - Up/p u ) 
rd 

- 0,98 

- 0,96 

- 0,92 

- 0,85 

- 0,8 

086 03 
Diameter ratio /jl = d/D 

NOTE - For a free-entry Venturi nozzle, /3 should be taken as 0. 

Figure 18 - Compound flow coefficients of IS0 Venturi nozzles 

22.3.5.2 Venturi nozzle in in-duct conditions 

The density upstream the nozzle is given by 

where 

pu is the upstream pressure; 

Ou is the temperature upstream the Venturi nozzle. 
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22.3.5.2.1 The temperature t, is measured and the upstream Mach number is less than 0,15. The absolute 
temperature 

0, = t, + 273,15 

is greater than the true static temperature and less than the stagnation temperature but the difference between 
these two values is less than 5 x IO-? 

Calculations are carried out with 0,. 

22.3.5.2.2 The temperature t, is not measured and the upstream Mach number is greater than 0,15. 

The stagnation temperature upstream of the flowmeter is given by the following expressions: 

0 - sgu = @a = t, + 273,15 

for an inlet duct without auxiliary fan; 

0 Llsgu = e,+ 4x Or Pex 
qmCp 

for an auxiliary fan upstream of an inlet duct where PFx is the shaft power of the auxiliary fan or Pex is the input 
power of the motor inside the fan housing 

0 
If OrP, 

“sgu = @sgl +- 
qmcp 

for an outlet duct. 

For all cases, the static temperature 0, may be calculated by the following expression: 

2 
% = osgu - qm 

24P2 u cP 

For a first approximation, 0, = Bsgu and a first value of qm : qm1 is obtained. This value allows the calculation of O,, 
the flowmeter Reynolds number ReD or Red and the mass flowrate qm. 

NOTE 39 For p = 0,67 and 

Q2. = 0,75, 
Pu 

the Mach number Ma, = 0,235 and 

0 “sgu -=I,011 0 
0 “U 

qm (OSgu) is 5,5 x IO-3 less than the true value of qm. 

22.4 Uncertainties 

22.4.1 The uncertainty U, , in percent, of the flowrate coefficient a of a Venturi nozzle with ducted inlet as shown 
in figure 17 a) is as follows: 

d4 
u, = + I,2 + I,5 - [ 01 D 

22.4.2 The uncertainty U, of the flow coefficient a of a Venturi nozzle with free inlet as shown in figure 17 b) is 
+ I,2 %. 

22.4.3 When screen loading is used as shown in figure 17 c) for a free-inlet Venturi nozzle with the screen less 
than 4d from the inlet face of the nozzle, an arithmetic addition of 0,5 % should be made to the uncertainty of the 
flowrate coefficient. U, will then be equal to + I,7 %. 
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22.4.4 The uncertainty uE of the expansibility factor E is given by the following expression: 

IS0 5801:1997(E) 

u, =+ ( 4+1oop8)p 
Pu 

22.4.5 If the uncertainties of measurement of pressure, density and diameter are equal to the maxima specified in 
clauses 7 to 11 the overall uncertainty Uqm or uyv of determination of the mass flowrate qm or the volume flowrate 
qv will not exceed the values in table 4 provided that the pressure ratio rd is not less than the value indicated in 
table 4. 

Table 4 - Uncertainties of flowrate determination 

Installation of 
Venturi nozzle 

Pressure ratio 
rd = 1 - Ap/pu 
Uncertainty of flow 
coefficient U, 
Uncertainty of flowrate 
%pn Or Uqv 

Free inlet Free inlet with screen 
[figure 17 b)] [figure 17 c)] 

0,75 0,90 

+1,2 % &I,7 % 

+ I,75 % k2,O % 

23 Determination of flowrate using multiple nozzles or Venturi nozzle 

23.1 Installation 

For tests in standardized airways, multiple nozzles shall be used within inlet or outlet chambers. The nozzles may 
be of varying sizes but shall be symmetrically positioned relative to the axis of the chamber, as to both size and 
radius. 

Nozzles with integral throat taps shall be used for ducted installations. Upstream pressure taps shall be located as 
shown in the figure for the appropriate installation. Downstream taps are integral throat taps and shall be located as 
shown in figure 19. 

23.2 Geometric form 

23.2.1 Multiple-nozzle dimensions and tolerances are shown in figure 19. 

The profile shall be axially symmetrical and the outlet edge shall be square, sharp and free from burrs, nicks or 
roundings. The axes of the nozzle(s) and of the chamber in which they are installed shall be parallel. Nozzle throat 
length L shall be either 0,6d + 0,005d (recommended) or 0,5d rt 0,005d. 

23.2.2 Nozzles shall have an elliptical form as shown in figure 19, but two or three radii approximations that do not 
differ at any point, in the normal direction, by more than 0,015d from the elliptical form may also be used. 

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

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

23.2.4 The nozzle interior surface shall be faired smooth so that a straightedge may be rocked over the surface 
without clicking and the surface waviness shall not be greater than 0,OOld peak-to-peak. 

23.2.5 Where nozzles are used in a chamber, either of the types shown in figure 19 shall be used. 

Where a nozzle discharges directly to a duct or a diffuser, a nozzle with throat taps shall be used, the nozzle outlet 
shall be flanged, and the four pressure taps shall be connected to a piezometer ring. 
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0 
d -0,03d L" 0,25d 4 b 

/ Faking radius about 
O,OSd, if necessary 

a) Nozzle with throat taps 

\ . 
\ I / 

“1 --- _- 1 --A-* 
I d 

i Faking radius about 
- O,OSd, if necessary 

b) Nozzle without throat taps 

I) L = 0,5d or 0,6d 
L = 0,6d is recommended for new constructions. 

Figure 19 - Nozzle geometry 

23.2.6 Nozzle throat taps shall consist of four static pressure taps 90’ apart connected to a piezometer ring. 

23.2.7 When a duct is connected to the nozzle, the ratio of the throat diameter to the diameter of the inlet duct 
shall not exceed 0,525. Ducts connected to the upstream side of a nozzle shall be straight and have uniform 
circular cross-sections. They shall have a length of between 6,5 and 6,75 times their diameter when used to 
provide a measuring section, or between 9,5 and 9,75 times their diameter when used as an outlet duct. 

23.3 Inlet zone 

Multiple nozzles shall be positioned such that the centreline of each nozzle is not less than 1,5d from the chamber 
wall. The minimum distance between the centres of any two nozzles in simultaneous use shall be 3d where d is 
the diameter of the large nozzle. 

23.4 Multiple-nozzle and Venturi-nozzle characteristics 

23.4.1 A multiple nozzle installation manufactured in accordance with the requirements in 23.3 may be used 
uncalibrated for pressure ratios rd > 0,9 (i.e. Ap < 10 kPa). 

23.4.2 
expres 

a 

The nozzle flowrate coefficient a is obtai 
sions: 

r l r 1 

ned from ta ble 5 or may be calculated from the following 

for L/d = 0,6 
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Table 5 - Flowrate coefficients for nozzles used in a chamber 

Nozzle flowrate 
coefficient 

a 

0,950 

0,951 

0,952 

0,953 

0,954 

0,955 

0,956 

0,957 

0,958 
0,959 

0,960 

0,961 

0,962 

0,963 

0,964 

0,965 

0,966 

0,967 

0,968 

0,969 

0,970 

0,971 

0,972 

Reynolds number, Red 

L/d = 0,5 L/d = 0,6 

12961 14720 

13657 15 491 

14401 16314 
15196 17195 

16047 18137 

16961 19148 

17942 20234 

18 998 21 402 

20136 22661 

21 365 24021 

22695 25492 
24137 27086 
25703 28817 
27407 30701 
29268 32758 

31 303 35006 

33 535 37472 

35989 40184 

38697 43174 

41 693 46482 

45018 50153 

48723 54242 

52866 58815 

Nozzle flowrate 
coefficient 

a 

0,973 

0,974 

0,975 
0,976 

0,977 

0,978 

0,979 

0,980 

0,981 

0,982 

0,983 

0,984 

0,985 

0,986 

0,987 

0,988 

0,989 

0,990 

0,991 
0,992 

0,993 
0,994 

0,995 

Reynolds number, Red 

L/d = 0,5 L/d = 0,6 

57519 63948 

62766 69736 

68713 76295 

75488 83 765 

83249 92320 

92 195 102180 

102 576 113620 

114715 126992 

129024 142753 

146048 161 500 

166513 184032 
191 401 211 428 

222073 245182 

260450 287409 
309324 341 172 

372865 411 057 

457 538 504164 

573788 631 966 

739 389 813 986 

986 593 1085643 

1378954 1516727 

2056291 2260760 

3377887 3712194 

or 
r 

6,688 131,5 a= 0,9986-- 
r 

+- 
Red Red 

for L/d = 0,5 

where 

Red is the Reynolds number based on the exit diameter, which may be estimated by the fo Illowing 
expression: 

Red = 0,95&d I/= x1o6 
(17,1+ O,O48t,) 

a&J is the kinetic energy coefficient upstream of the nozzle, equal to 1,043 for an in-duct nozzle and 1 for 
a nozzle and a multiple nozzle in chamber or a free-inlet nozzle; 

/I = d/D (which may be taken as 0 for a chamber) (p s 0,525 for an in-duct nozzle); 

c is the nozzle discharge coefficient. 
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23.4.3 The expansibility factor is obtained from table 6 or may be calculated from: 

Krd 2’K 

rd 
Pu -AP =I & =- -- 

Pu Pu 

1 P 4 - - 

1 
-d P. 

r 2/K 4 

a5 

0 
This expression may be replaced by the followrng: 

K - 1 0,5 

-4 - I’- r-j Ic 

II- r-j 
I 

Table 6 - Expnsibil.ity factors. for nozzles used in a chamber 

Static pressure 
ratio 

‘-d 

I,00 

\ 
Ratio of diametersF j3 

x t 
0 0,20 I 0,2s k 030 0,40 I 0,w : 

ExpansWity factor, E I 
1,000 00 1,000 00 1,000 00 1,000 00 1,000 00 ?,Q.0000 

23.4.4 The mass flowrate is given by the following expression: 

qm =&~(ai4ypiiz 

for a multiple nozzle, 

4m =am- 2p, fn 

for a Venturi nozzle, 

where 

a 1 aidi 2 

i=l 

is the sum of the square of the various open nozzle diameters multiplied by their respective flowrate 
coefficients; 

pu is the upstream density according to 22.3.5. 

23.5 Uncertainty 

23.5.1 The uncertainty in the discharge coefficient C is + I,2 % for Red 2 1 

24 Determination of flowrate using a quadrant inlet nozzl 

24.1 Installation 

,2 x 104. 

e 

The inlet nozzle shall only be used in open (free) inlet conditions and shall conform to figure 20. 
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a z 2,Sd 

Unobstructed space 
upstream of nozzle inlet 

r 2 0,lrl / 
PI = 0,ZSd 

O,Sd 

0,6 d 

1 = l,Sd - 

Nozzle Nozzle throat with Smooth duct section 
inlet pressure tappings measured with nozzle 

Total length: 3 2,35d 

Figure 20 - Quadrant inlet geometry 

24.2 Geometric form 

24.2.1 The inlet quadrant measuring nozzle shall correspond to a standard nozzle with an extended cylindrical duct 
section that is hollowed out to a smooth finish of defined accuracy. This ensures that the flow in the element 
directly connected to the duct does not influence the measurement conditions at the nozzle inlet. If it is necessary 
to make any enlargements to the cross-section of the test airway, these shall be made only in the connection to 
the cylindrical duct of the inlet measuring nozzle. The nozzle and extended cylindrical duct section are shown in 
figure 20. 

24.2.2 The nozzle throat diameter d shall be measured to an accuracy of 0,OOld. 

Four measurements shall be taken at angular spacings of 45” and shall be within + 0,002d of the mean value. 

Pressure tappings shall be in accordance with the dimensions shown in figure 20 and the requirements specified in 
clause 7. 

The surface of the nozzle, the measuring duct and the extended duct shall be faired smooth. 

24.3 Unobstructed space in front of the inlet nozzle 

The minimum dimensions of the unobstructed rectangular space around the midpoint of the inlet depend on the 
size of the nozzle diameter d. 

a = b > 2,5d 
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a 

b 

is the distance between the midpoint of the inlet and upstream plane, see figure 17 b) and c) and figure 20. 

is the side of the rectangular space. 

24.4 Quadrant inlet nozzle performance 

The mass flowrate is given by 

where 

is the expansibility factor 

AP &=1-0,55- 
Pa 

forK=1,4andAps2000Pa; 

pU = pa is the upstream density calculated in accordance with 22.3.5. 

24.5 Uncertainty 

The uncertainty in the flowrate coefficient is + 0,003 for a G 1 with Red 3 105. 

25 Determination of flowrate using a conical inlet 

The conical inlet shall only be used in open (free) inlet conditions. 

25.1 Geometric form 

25.1.1 The conical inlet dimensions and tolerances are given in figure 21. The profile shall be axially symmetric, 
the junctions between the cone and the face and between the cone and the cylindrical throat each having a sharp 
edge, free from ridges and projections. The axis of the inlet and that of the airway shall be coincident. 

25.1.2 The throat diameter, d, is the arithmetic mean of four measurements, to within an accuracy of O,OOld, 
taken at angular spacings of about 45’ in the plane of the throat pressure tappings. 

25.1.3 The pressure tappings shall conform to the requirements of clause 7. 

25.1.4 The pressure difference Ap shall be measured in accordance with the requirements in 13.2.3. 

25.1.5 Except where otherwise specified, the included angle of the divergent section may lie anywhere in the 
range 8 s 30”. The divergent or cylindrical connection piece shall be not less than 3d long. 

25.2 Screen loading 

25.2.1 Adjustable screen loading in accordance with figure 17 c) is permissible with the conical inlet, but the 
uncertainty of the flowrate coefficient a is increased (see 25.5.3). 
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L r3d 

NOTE - Four wall tappings as specified in clause 7. 

Figure 21 - Geometry of conical inlet 

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

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

NOTE 40 An antiswirl device makes an excellent screen support, see figure 17 c). 

Screens shall be accurately cut and a supporting ring with a radial thickness of 0,012d or 6 mm max. and 0,008d or 
3 mm min. and a length of 0,05d max. shall be fitted, or other means adopted of eliminating leakage at the wall. 

25.3 Inlet zone 

25.3.1 Within the inlet zone defined in figure 17 c), there shall be no external obstruction to the free movement of 
the air entering the inlet, and the velocity of any cross-currents should not exceed 5 % of the nozzle throat velocity. 

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

25.4 Conical inlet performance 

25.4.1 
pressu 

25.4.2 

Conica 

25.4.3 

A conical inlet manufactured in accordance with the above requirements may be used uncalibrated for 
e ratios rd , , a 0 96 i.e. Ap<4000 Pa. 

The compound coefficient a~ is dependent on the Reynolds number Red and is plotted in figure 22. 

inlets shall not be used when Red < 20 000. 

The mass flowrate is given by the following expression: 

d* I, . 
4m =CY&7t- 4 +mnp 

where pu is the upstream density calculated in accordance with 22.3.5. 
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; 
E ’ aJ .- 

U .- 

z 
aJ 
0 

i 0,99 
c 
z 
2 a 
5 0,98 

U 

0,97 

0,96 

0,9S 

0,94 

0,93 

a~ = m CoglO(Red) + c 

Duct diameter 

d I 0,s m 

20 300 400 1000 

Reynolds number Red x IO- 3 

Ford s 0,5 m: J-YZ = 0,011 07, c =0,882 4, a~max. = 0,94 
For0,5 m < ds 2 m:m = 0,00963 + 0,047 83d+ 0,055 33d2, 

c = 0,971 5 - 0,205 8d + 0,055 33d2, 
azmax. = 0,913 1 + 0,062 3d - 0,0156 7d2. 

For da 2 m:m = 0,345 9,c= 0,781 2,acmax. = 0,975 

Figure 22 - Compound flowrate coefficient a~ of conical inlets 

25.5 Uncertainties 

25.5.1 The uncertainty in the compound coefficient a~ and that in the flow coefficient a are the same. The basic 
uncertainty, applicable when Red a 3 x 105 and when no screen loading is allowed in the connection piece is 
+ I,5 %. To this shall be arithmetically added (if applicable) the next additional uncertainty associated with low Red 
and screen loading. 

. 

25.5.2 The additional uncertainty (in percent) due to low Red (i.e. 2 x 104~ Red c 3 x 105) is as follows: 

25.5.3 The additional uncertainty due to the presence of a uniform screen complying with 25.2 is 0,5 % and shall 
be added arithmetically. 

25.5.4 These uncertainties may be reduced if a calibrated value of a~ is used in place of the value given in 25.4.2. 
The calibration may be carried out using a Pitot-static traverse in accordance with the requirements of IS0 3966 or 
by means of a primary device with an uncertainty of flowrate coefficient not exceeding 1 ,O %. The overall 
uncertainty of mass or volume flowrate measurement with screen loading in accordance with figure 17 c) may then 
be taken as + 2 %. 
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26 Determination of flowrate using an orifice plate 

26.1 Installation 

For tests in standardized airways, a common design of orifice plate may be used at the inlet to a test duct (inlet 
orifice), at the outlet from a test duct (outlet orifice) or between upstream and downstream ducts of the same 
diameter (in-duct orifice in accordance with IS0 5167-1). The ducts shall conform to the requirements of the 
relevant test method. 

26.2 Orifice plate 

26.21 The orifice plate and the associated pressure tappings shall conform to the dimensions shown in figure 23, 
to the additional requirements of this clause and to IS0 5167-I :I 991, clauses 7 and 8. 

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

0 d 

Wall tappings complying 
with clause 7 

*c) Ld = &SD k&o20 for p 5 0,6 
Ld = o,sD ?o,o?D for/3 > 0,6 

a) In-duct orifice with taps at D and 09 

R 10d min. \ -- 

See 26.10b) 

See 26.10a) 

--___- 

No obstacles 

Corner tappings or \ 
piezometer slot 

c) Inlet orifice with corner taps 

I s”- 

Four corner tappings or piezometer slot 

b) In-duct orifice with corner taps 

e *I 

tt- 

thickness, if required, 
diaphragm 

0,OSD max. a-- 

*) 0,OOW 5 e 5 0,020 
d) Detail of orifice plate 

Figure 23 - Orifice plates and assemblies 
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Wall tappings complying 
with clause 7 

See 30.2dM 

No obstacles 

1) Carrier ring 
with annular slot 

e) Outlet orifice with wall tappings 
Pressure tappings 

2) Individual tappings 

Axial centreline ------- 

Flow direction 

f : Thickness of the slot 
c : Length of the upstream ring 
c’: Length of the downstream ring 
b : Diameter of the carrier ring 
a : Width of the annular slot or 

diameter of single tapping 
s : Distance from upstream step 

to carrier ring 
j : Diameter of pressure tapping 

4< j40 
gh 2 naD 

Carrier ring 

f) Corner tappings 
Figure 23 - Orifice plates and assemblies (contjnuec/) 
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See 30.2412) 

No obstacles 

205 0,65D5 0,45D5 
- w I- c 

OJD5 0,15Ds x 0,15Ds 

NOTE - Orifice plate fastening: 
- by flange: internal diameter r D5 

thickness I 0,010, 
- by clamp: total thickness 15 0,15D5 

radial obstruction 5 0,150, above D5 

e 

g) Inlet orifice with wall tappings 

e' 

t 

e' 

--l-t-- 

I- 
I I e ” 

Inlet orif ice Outlet orifice 

e'r 0,003D 
e 5 0,Old 

NOTES 
1 Chamfer for e’r 0,Old 
2 Where the orifice plate is bolted to a suppLementary plate: 

d'r1,25d + be' 

h) Detail of inlet or outlet orifice plates 
for wall tappings, see 26.9,26.9.1and 26.11 

30" - 

Figure 23 - Orifice plates and assemblies (continued) 
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/I-- 
Settling means (see 31.1) 

.!- Flow straightener C30.2d)Z)l 

1) Orifice plate in test chamber (Inlet-side 
or outlet-side), see 26.9.1,31.4 and 31.3 

e 

i-t- 

w=0,0-?5Dpl 
e<O,OOS& 

J) Detail of flow straightener 

Figure 23 - Orifice plates and assemblies (end) 
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26.2.2 The orifice plate should be constructed from material which will not corrode in service, and it should be 
protected from damage when handling and cleaning. It is particularly important that the edges of the orifice should 
not be burred or rounded, or sustain other damage visible to the naked eye. 

The upstream edge of the orifice shall be sharp and shall not reflect light. Any edge radius should not 
0,0004d. These conditions may be met by machining the orifice plate, fine-boring the orifice, and then finis 
upstream face by a very fine radial cut from the centre outwards. 

26.2.3 The orifice shall be cylindrical within + 0,000 5d, its diameter being measured to the nearest 0,OO’ 
assembly, the orifice shall be coaxial with the upstream duct within + I” and + (0,005D)/(O,1 + 2,3/V). 

exceed 
Qng the 

d. After 

26.2.4 The upstream face of the orifice plate shall be flat within 1 mm per 100 mm and its roughness, R,, should 
not exceed IO-%. Any gasket sealing the plate and the duct flange shall not project internally. 

26.3 Ducts 

For in-duct orifices in accordance with IS0 5167-1, the upstream duct diameter D shall be determined, to the 
nearest 0,0030, as the average of 12 measurements at about 45” in three cross-sections equally distributed 
between the upstream tapping and the section at 0,5D upstream. It is sufficient for the downstream side duct to 
be nominally cylindrical and of diameter D + 0,030. 

The length of the upstream and downstream ducts is given in clause 7 of IS0 5167-l :I 991. 

A flow straightener as shown in figure 55 or 57 shall be fitted in the upstream duct. The length of the upstream and 
downstream ducts and the installation conditions are given in clauses 7 and 8 of IS0 5167-I :I 991. 

26.4 Pressure tappings 

26.4.1 Wall tappings shall be four in number, in accordance with clause 7, and in the locations shown in figure 23. 
The axis of each tap should intersect the duct axis at right angles, except in the case of corner taps which may be 
inclined at an angle sufficient to enable them to be satisfactorily drilled and connected. 

The dimensions of the wall tapping holes shall conform to the dimensions shown in figure 2, except that, in the 
case of corner taps, no part of the hole should extend more than 0,030 for p G 0,65 or 0,020 for p > 0,65 from the 
orifice plate at the point where the hole breaks through the carrier ring. Any gasket shall be included in this 
dimension. 

26.4.2 Piezometer rings take the form of a continuous circumferential slot of axial width a to the orifice plate and 
radial depth 2a minimum. Width a shall not exceed 0,030 for p s 0,65 or 0,020 for p > 0,65. Provided the cross- 
sectional area of the circumferential recess is at least equal to the minimum indicated in figure 23 f), a single 
tapping can be used for connection to the manometer. 

The bore of the piezometer carrier ring shall not protrude within the bore of duct of diameter D at any point, a 
diametral allowance of 0,040 being made to accommodate out-of-roundness in the duct. 

26.5 Calculation of mass flowrate 

4m 

where pu is in accorda nce with 22.3.5. 

The definitions and limitations on the quantities on the right-hand side of the equation differ slightly according to 
the orifice installation adopted, and are therefore considered separately for each case. The following limits apply for 
an in-duct orifice (IS0 5167-I): 

- The duct diameter D shall be not less than 50 mm and not more than 1 000 mm for D and D/2 taps and 
corner taps. 

- The orifice diameter d shall not be less than 12,5 mm (see IS0 5167-1 :I 991, subclause 8.1.7). 

77 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


IS0 5801:1997(E) 63 IS0 

- The flowrate coefficient a depends on the orifice diameter ratio p = d/D and on the duct Reynolds number 
Reg (see 26.6). The ranges of p and ReD are limited for each installation. In some cases the Reg limits are 
expressed in terms of limiting pressures and velocities in standard air, for simplicity. 

- The expansibility factor, E, is given in clauses 26.7 to 26.11 and figure 26. 

26.6 Reynolds number 

The Reynolds numbers required for calculating orifice flowrate are defined as follows: 

ReD 
D”D z--------z 

V 
%$~,~,fpj!i!~~ 

Re dvd 4qm a&d 2Ap 
d-i- 

=-=- - 
RdP v d Pu 

where p is calculated in accordance with 12.3. 

The kinematic viscosity v is given by the following expression: 

V P =- 

Pu 

Strictly speaking, the derivation of Re from a test value of Ap requires an iterative calculation since a and qm are not 
known. Only a rough approximation of ReD is needed, however, and it may be considered sufficient to calculate ReD 
or Red from the first approximation of qm. 

For inlet orifice it may be sufficient to take the dynamic viscosity p as its value for standard air: p = 18 x 1 O-6 Pa. s. 

In this case, 

ReD 
71qm x~o3 =- 

D 

or 

Red 
71qm x1o3 =- 

d 

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

26.7 In-duct orifice with D and D/2 taps [see figure 23 a) and IS0 5167-l] 

The following conditions shall apply: 

AP = PU - Pdo = Peu - Redo 

pu is the air density at the upstream tapping (see 22.3.5.2). 

p= d/a, and shall be not less than 0,2 nor greater than 0,75. 

The flowrate coefficient a is given by the Stolz formula: 

+o,039/14(I- ~4)-1-0,015 8p3 1 
and is shown in figure 24. 
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LL O,?l 
.- 

-- L 

02 . 
I I I I 

0,69 

0,65 

0.64 

0,63 

0,62 

086 5 
.- - 

/3= d/D 

Figure 24 - Flowrate coefficient, a, of in-duct orifice with taps at D and D/2 
(see 26.7) 
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The expansibility factor E is given by 

E=l-(0,41+0,35p4)P 
VU 

and is shown in figure 26. 

The uncertainty with which a is known is 0,6 % for Reg 2 1 26OpzD (D in millimetres) for p s 0,6 or p % for 
0,6 c p c 0,75 provided the straight lengths of the ducts are in accordance with IS0 5167-1:1991, 7.2. An 
additional uncertainty of 0,5 % shall be arithmetically added when these lengths are divided by 2. 

The uncertainty on E, in percent, is 

& 4- 
Pu 

26.8 In-duct orifice with corner taps [see figure 23 b) and IS0 5167-11 

The following conditions shall apply: 

AP = Pu - Pdo = Peu - Pedo 

p&u 3 0175 

pu is the air density at the upstream tapping (see 22.3.5.2). 

p= d/a, and shall be not less than 0,2 nor greater than 0,75. 

The flowrate coefficient a is given by the Stolz formula: 

0,595 9+0,031 2p2.1 - 0,184p8 + 0,002 9p215 

and plotted in figure 25. 

The expansibility factor E is given by: 

& =I-(0,41+0,35p4)~ 
KPU 

and plotted in figure 26. 

IO6 i I 
0,75 

ReD 

The uncertainty with which a is known has the same value as for taps at D and D/2 (see 26.7) provided 

Reg a 5 000 for 0,2 s p s 0,45 

Reg 3 ‘10 000 for 0,45 < p s 0,75 

26.9 Outlet orifice with wall tappings [see figure 23 e) and h)] 

The following conditions shall apply: 

AP = Pu - Pa = Peu = Pe6 

where pa is the ambient atmospheric pressure. 

p,, = air density at the upstream tapping determined in accordance with 22.3.5. 
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W 

g 1 
U 
m 

u- 

)\ 
c .- 
d 

E 

‘E oe99 
a 

I2 

0,98 

0,97 

0,96 

0,95 

0,94 

0,93 

0,9; 

0,91 

0,9 

0 

; - 

? - s 

I - 

E = I- (0,41+ 0,35f14) 2 (see 26.7) 

0 0,04 0,08 0,12 0,16 02 0,24 0,28 
Differential pressure ratio Apip, 

Figure 26 - Expansibility factor, &, for orifice plates in atmospheric air (see 26.7, 26.8 and 26.10) 
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/I = d/a shall not exceed 0,5 (or 0,7 with additional uncertainty). 

a& is given by the following expression and plotted in figure 27 as function of 

Pe6 &kL=y & 
& =- 

Pa Pa Pu - AP 

)I 

where A, B and C are respectively equal to 

A = 0,599 3 + 0,159 9p* - 0,915 6p4 + 6,567 5p6 - 9,142 9p* for p c 0,5 

A = 0,6 (2,04)P3t* for p > 0,5 

B = 0,249 + 0,070 1 p* + 0,243jP + 0,113p6 

c = 0,075 7 + O,O58p* + 0,22p4 + 0,2586 

The uncertainty with which m is known may be taken as + 0,5 % provided p is not greater than 0,5 and the 
Reynolds number referred to the orifice diameter d is not less than 105. The latter condition requires that, for 
normal atmospheric conditions Ap is not less than (2 000/d)*, where d is expressed in millimetres. 

26.9.1 Orifice plate with wall tappings in the test chamber [see figure 23 h) and i)] 

The following conditions shall apply: 

AP = Peu - Redo = Pu - Pdo 

The temperature t, is measured in the test chamber. 

0, = @qJ = t, + 273,15 

p = d/Dh shall not exceed 0,25. 

aE is determined in accordance with 26.9. 

The other remarks of 26.9 shall apply. 

26.10 Inlet orifice with corner taps [see figure 23 c)] 

Two types of setup may be used: 

- The external diameter of the orifice plate is more than 1,650, D being the diameter of the down-stream duct 
[see figure 23 c)]. 

- The external diameter of the orifice plate is more than 1,050. 

In the two cases the following conditions shall apply: 

AP = Pa - Pdo = Pe5 

where pa is the ambient atmospheric pressure. 

Pu Pa 
pu=z=R,o, 

a) External diameter of the orifice plate more than 1,650. 

p = d/D is the ratio of the orifice diameter to the downstream duct diameter. 

p shall not be greater than 0,84. There is no lower limit except for the diameter d min. specified in 26.5. 

The flow coefficient, a, is given in figure 28 as a function of F only. 

83 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


@ IS0 ISO5801:1997(E) 

5 0,61 .- u .- 
z 
iii 
U 
aJ 

t 

2  

. 

0,l 0,2 0,3 0,4 0,s 0,6 0,7 0,8 0,9 
Diameter ratio /J'= d/D 

Figure 28 - Flowrate coefficient, a, of inlet orifices with corner taps [see 26.10 a)] 

The expansibility factor, E, may be determined by 

E=l-(0,41+0,35~4)~=1-0,419 
%J %J 

valid for 

AP G 0,25 
Pu 

and is plotted in figure 26. 

The uncertainty with which a is known may be taken as + I,5 % provided Red is not less than 5 x 104. This 
condition requires that, for normal atmospheric conditions, Ap is not less than 

where d is expressed in millimetres. 

The uncertainty, in percent, with which E is known may be taken as 

Pu 

b) The external diameter of the orifice plate is more than 1,050 

p = d/D shall be not less than 0,20 and not greater than 0,75. 

a is not a function of /Y = d/D; a is constant and equal to 0,6. 

The expansibility factor, E, may be determined by 

AP &=1-0,41- 
VU 

valid for 

AP s 0,25 
Pu 

and is plotted in figure 26. 

The uncertainty with which a is known is + I,5 % provided 

ReD a 5 000 for 0,2 c p s 0,45 

&?D a 10 000fOr 0,45 s p s 0,75 
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The uncertainty, in percent, with which e is known is 

26.11 Inlet orifice with wall tappings [see figure 23 g) and h)] 

The following conditions shall apply: 

AP = Pa - Pdo = Pe5 

where pa is the ambient atmospheric pressure. 

Pu = Pa 

where pa the density of the ambient atmosphere. 

p = d/D is in this case the orifice ratio to the downstream duct. 

p shall not be greater than 0,7. There is no lower limit except for the minimum d specified in 26.5. 

a = 0,598 

E = I- l&(0,249 - 0,075 7I-44 

hp = Pe5 I P5 = AP/(Pa - AP) 

The uncertainty with which a is known may be taken as + I,0 % provided that ReD a 5 X 104 
and ~-4 = Ap/(pu - Ap) s 0,3. 

27 Determination of flowrate using a Pitot-static tube traverse 

27.1 General 

For standardized airway tests, only traverses using Pitot-static tube in cylindrical ducts are recognized. The 
locations of the traverse planes will be those shown in figures 70 e), 72 d) and e, 74 f) and g), 75 b) and 76 g), and 
the working fluid will normally be atmospheric air. 

Measurements may be made and corrections applied in accordance with IS0 3966, but for the purposes of this 
International Standard, it is possible to measure uncorrected velocities at the points specified, average the results 
and apply a single correction factor a given in 27.6 as a function of Reynolds number to determine the average 
velocity at the section with an uncertainty of + 2 %. 

27.2 Pitot-static tube 

The instrument shall conform to the requirements of IS0 3966. The external diameter of the tube d shall not 
exceed one forty-eighth of the diameter D of the airway. The diameter of the stagnation pressure hole shall not be 
less than 1 mm. 

Four types of Pitot-static tube may be used: 

- AMCA Type, see figure 29 a); 

- NPL modified ellipsoidal-nosed, see figure 29 b); 

- CETIAT Type, see figure 29 c); 

- DLR Type, see figure 29 d). 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


IS0 5801:1997(E) 

Head 

Stem 

16d 8d - c 

0,8d - e 

-cl 
- A 

4 
d 
8 

not to exceed 1 mm, equally 
spaced and free from burrs. 
Hole depth shall not be less 
than the hole diameter 

‘i Static pressure 

\ Stagnation pressure 

NOTES 
1 Head shall be free from nicks and burrs. 
2 All dimensions shall be within Q %. 
3 Surface roughness shall be 0,8 pm or better. 
4 The static orifices may not exceed 1 mm in diameter. 
5 The minimum Pitot tube stem diameter allowed by this International Standard 

is 2,s mm. in no case shall the stem diameter exceed l/30 of the test duct 
diameter. 

t 

-2 - 
I 

a) AMCA type 

Figure 29 - Types of Pitot-static tubes 
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y Stagnation pressure hole 

8d 
Head 
*- nd 

,--Spacer A -1 

Modif ied ellipsoidal nose 
curved junction 

Static-pressure holes 

2d 1 
Quarter ellipse 

Profile definition of the ellipsoidal head 

Y \ \ , 1 
\i\t ’ # 

1 

Mi tred 
junction 

Stem A-A 
(Enlarged) 

Stagnation 
pressure 

b) NPL type with modif ted ellipsoidal nose 

Figure 29 - Types of Pitot-static tubes (continued) 
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A-A 
(Enlarged) (Enlarged) 

X 
(Enlarged) 

/r=d 

NOTE - Static-pressured taps may be Limited to those indicated on section A-A, 
in which case section A-A shall be placed at 6d from the tube tip. 

cl CETIAT type 

Figure 29 - Types of Pitot-static tubes (continued) 
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I- 

. 

A-A 
(Enlarged) 

Dimensions in millimetres 

d) OCR type 

Figure 29 - Types of Pitot-static tubes (end) 
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27.3 Limits of air velocity 

The Mach number of the flow past the tube should not exceed 0,25 (85 m s-1 atmospheric air). 

The Reynolds number referred to the diameter of the stagnation pressure tapping di, in metres, should exceed 200. 
This means that, for tests with atmospheric air, the velocity, in metres per second, should not be less than: 

V= i 3/d 

27.4 Location of measurement points 

The centre of the nose of the Pitot-static tube shall be located successively at not less than 24 measurement 
points spaced along three symmetrically disposed diameters of the airway, as shown in figure 30. 

The head of the Pitot-static tube shall be aligned parallel with the airway axis within + 2”. 

The distance of the measurement points (when 8 per diameter) from one inside wall of the airway shall lie within 
the limits given below, except that the minimum positional tolerance shall be + 1 mm. 

0,021 D+ 0,000 6D 

0,117D + 0,003 5D 

0,184D + 0,005D 

0,345Dk 0,005D 

O,6550+0,005D 

0,816D d-10,0050 

0,8830+0,003 5D 

0,9790+ 0,000 6D 

-I- @--A. 
/Li--==, 

I-- 2 A 
/--- 

/ \ . 
i “t d g , I- -----I d 1 a 

z 

Figure 30 - Positions for traverse measurements in standardized airways 
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27.5 Determination of flowrate 

At each measurement point the differential pressure Apj across the Pitot-static tube shall be measured. 

The mean differential pressure at the section, Apm, is the square of the average of the square roots of the ~1 
individual differential pressures, Apj, given by the following expression: 

n 

c Ap/“l” 
j=l 

APrn = [~(&l+&+***+J&q~ 

The average 
pressure: 

air density px at the section of flow measurement x shall be determined from the average static 

1 
Pex =- Pexl + Pex2 +-me+ Pexn n ( > 

Px = Pex + Pa 

and the static temperature O,, given by the following expression: 

K- 1 

0 = osgx px 
[ I 

K 
-X 

Px + APrn 

Px = 
Px 

RVVO, 

The mass flowrate qm is given 

4m Ox2 y/GGi =GC&7F-J-- 

where 

bY 
. . 

1 --- 

is the expansibility factor. a is the correction factor or flowrate coefficient given in 27.6. 

27.6 Flowrate coefficient 

The flowrate coefficient a has been derived by applying each of the correction factors specified in IS0 3966 at an 
average value of the variables appropriate to tests with atmospheric air complying with this clause. The coefficient 
a is dependent on Reynolds number which is derived from the diameter D, and average velocity vrnx at the section 
as shown below. . 

ReDx = PXviXDX 4qm =-z71)(1034m 
P EDXP DX 

for atmospheric air and with SI units. 

ReDx 3x104 105 

a 0,986 0,988 

3x105 

0,990 

106 

0,991 

3x106 

0,992 
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27.7 Uncertainty of measurement 

The use of an average value for a involves disregarding systematic errors which may reach & 0,8 % of volume 
flowrate or mass flowrate. Random uncertainties of measurement total + 1 ,I %. Therefore the uncertainty of 
flowrate measurement may be taken as + 2 %. 

This estimate assumes that the uncertainty of manometer calibration is + 1 %. Sensitive manometers are 
necessary to meet this requirement at moderately low air velocities, and the manometer calibration required for air 
with a density of I,2 kg. m-3 is shown below: 

+ I,5 Pa k 1 Pa + 0,5 Pa +0,25 Pa 

16 ms-1 13 ms-1 9 m-s-1 6 ms-1 

28 Types of installation and setups 

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

Type A: free inlet and free outlet; 

Type B: free inlet and ducted outlet; 

Type C: ducted inlet and free outlet; 

Type D: ducted inlet and ducted outlet. 

The test installation shall reproduce as much as possible these working conditions, therefore four types of test set- 
up have been defined. 

28.1 Type A: free inlet and free outlet 

In order to qualify for installation type A, the fan must be tested without any auxiliary device added for the tests, for 
instance inlet bell or outlet duct, but the auxiliaries supplied with the fan, i.e. protection grid, inlet bell, etc., shall be 
fitted. 

An inlet or outlet chamber is used in this case as defined in clauses 31.3 and 31.4. 

28.2 Type B: free inlet and ducted outlet 

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

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

Normally the outlet pressure is measured in the 
a common segment at the fa n outlet (see 30.2). 

outlet duct after an antiswirl device. Duct and antiswirl device form 

When an outlet chamber is used, and when there is no swirl flow at the fan outlet, particularly for centrifugal fans, 
a short duct [see 30.2 f)] may be used between fan and chamber. 

28.3 Type C: ducted inlet and free outlet 

In order to qualify for installation type Cl  an inlet duct simul 
shall be us #ed, except those supp lied wit h the fan (protectio 

ation s 
n grid, 

hall be used and no outlet duct or auxiliary 
diffuse r, etc.). 

When the inlet pressure is measured in the inlet duct, a common segment at the fan inlet is used (see 30.3). 

device 

An inlet test chamber may be used (see 31.3). If the fan at the outlet side is connected to a short duct, this will 
considerably influence its performance, even if this duct is very short, for instance 0,5D, because practically the 
entire flow resistance is at the inlet side. 
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Therefore such a duct should also be included in the test airway, if the in-site fan has a short outlet side duct. 

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

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

28.4 Type D: ducted inlet and ducted outlet 

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

Normally inlet and outlet ducts shall be of the common-segment type, as specified in 30.2 and 30.3 respectively. 

When an inlet or outlet chamber is used, the outlet duct may be of the short variety described in 30.2 f) when there 
is no swirl at the fan outlet. 

For large fans (800 mm diameter and larger) it may be difficult to carry out the tests with the standardized 
common-segment airways on the outlet side, including straighteners. In this case, by mutual agreement between 
the parties concerned, the fan performance may be determined using the method described in 30.2 f) and 30.4 
with a duct of length 2Dh on the outlet side. 

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

In this case , the outlet 
atmospheric pressure. 

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

28.5 Test installation type 

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

PFAt PFBf PFC Ob’FD 

PSFA/ PSFB~ PSFC or PSFD 

%A# qrB/ %C or %D 

29 Component parts of standardized airways 

29.1 Symbols 

The following graphical symbols are used to specify the component parts of the standardized airways defined in 
clauses 30, 32, 33, 34 and 35. Each component shall comply with the relevant description specified in 29.2. 

29.2 Component parts 

29.21 Figure 31 symbolizes a cylindrical duct of internal diameter, D, measured at plane x, in accordance with 
clause 11. Joints between airway sections should be as few as possible, and accurately aligned without internal 
protrusions. Leakage shall be negligible compared with the flowrate under test, particular care being taken where a 
Pitot tube or thermometer is inserted for measurement. 

X 
Q 

Figure 31 - Symbol for cylindrical duct of internal diameter D, 
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29.2.2 Figure 32 symbolizes a group of wall tappings for the measurement of average static pressure, pex, at 
section x. The wall tappings and their connections to the manometer unit shall conform to clause 7. 

Figure 32 - Symbol for a group of wall tappings 

29.2.3 Figure 33 symbolizes the fan under test to be installed and operated in accordance with clauses 18 and 19. 

/--Fan 

Figure 33 - Symbol for fan under test 

29.2.4 Figure 34 symbolizes an auxiliary fan designed to overcome the flow resistance of the test airways. 
Flowrate control may be secured by speed control, pitch control, damper or otherwise, provided the flow remains 
steady at any control setting. 

An antiswirl device shall be interposed between the auxiliary fan and any test airway to which it is connected. 

Figure 34 - Symbol for auxiliary fan 

29.2.5 Figure 35 symbolizes a flowrate control device at the inlet or outlet of a test airway. The device should not 
introduce swirl or unsymmetrical flow about the duct axis. An auxiliary fan may form part of the device. 

Figure 35 - Symbol for inlet or outlet flowrate control device 

29.2.6 Figure 36 symbolizes an in-duct flowrate control device formed from wiremesh or perforated metal 
screens. The holes should be uniform, and uniformly spaced not more than 0,050 apart. Screens shall be 
accurately cut and a supporting ring with a radial thickness 0,012d or 6 mm max. and length between 0,008d or 
3 mm and 0,05d max. shall be fitted or other means adopted for eliminating leakage at the wall. 

Figure 36 - Symbol for in-duct flowrate control device 

95 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


IS0 5801:1997(E) @ IS0 

29.2.7 Figure 37 symbolizes a standardized flow straightener designed to dissipate any swirl energy at the fan 
outlet. 

Figure 37 - Symbol for standardized flow straightener 

29.2.8 Figure 38 symbolizes an antiswirl device designed to prevent the growth of swirl in a normally axial flow or 
a flow straightener designed to dissipate any swirl energy. 

Figure 38 - Symbol for antiswirl device or flow straightener 

29.2.9 Figure 39 symbolizes a thermometer inserted in a test chamber or duct to determine the average 
temperature applying to plane x. It should be located so as to avoid significant disturbance of the flow over wall 
tappings or into a flowrate measurement device. 

Figure 39 - Symbol for thermometer inserted in test chamber 

29.2.10 Figure 40 symbolizes a conical transition section joining two cylindrical ducts or a circular fan outlet and a 
test duct, defined in clause 30, by included angles or by area ratio and length. 

Figure 40 - Symbol for conical transition section joining cylindrical ducts 

29.2.11 Figure 41 symbolizes a transition section joining a cylindrical test airway to a rectangular fan outlet or 
airway of dimensions b l  h, defined in clause 30 by area ratio and length and formed from sheet material in single 
curvature illustrated in figure 58. 

Figure 41 - Symbol for transition section joining cylindrical duct with rectangular outlet duct 
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29.2.12 Figure 42 symbolizes a manometer complying with the requirements of 6.2 for the measurement of the 
static pressure at a section or a differential pressure. 

Figure 42 - Manometer 

29.3 Flowrate measurement devices 

Each device shown below shall comply with the relevant clause for dimensions, dimensional tolerances, and 
methods of measurement. 

Figure 43 - Inlet IS0 Venturi-nozzle (see clause 22) 

--I- 
3= 

--- L- --_-_---__ 
II 

Figure 44 - In-duct IS0 Venturi-nozzle (see clauses 22 and 23) 

Figure 45 - Nozzle used in a test chamber (see clause 23) 

Figure 46 - Quadrant inlet nozzle (see clause 24) 

Figure 47 - Conical inlet nozzle (see clause 25) 

-! ‘r’!’ -_ --+ -- T -- + i- 

Figure 48 - In-duct orifice with taps at D and D/2 (see clause 26) 
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Figure 49 - In-duct orifice with corner taps (see c lause 26) 

F igure 50 - Outlet orifice with wall taps (see c lause 26) 

F igure 51 - Inlet orifice with corner taps (see c lause 26) 

!-  r i 
Figure 52 - Inlet orifice with wall taps (see c lause 26) 

--=F-  
Figure 53 - Pitot-static traverse for flowrate determination (see c lause 27) 

30 Common airway segments for ducted fan ins tallations  

30.1 Common segments 

Standardized airways for type B, C or D ducted fan installations incorporate common segments adjacent to the fan 
inlet and/or outlet which are descr ibed in this c lause. 

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

30.2 Common segment at fan outlet 

This comprises the section of an outlet-side test airway adjacent to the fan. It incorporates a standardized flow 
straightener in accordance with 29.2.7 and figure 54 in the central c y lindrical section, together with a set of wall 
tappings in accordance with c lause 7. A transition section may be used to accommodate a difference of area and/or 
shape within the limits  indicated in b) and c)  below. 

F igures 54, 55 and 56 show the recommended devices, figure 57 is  an alternative device, while figure 59 concerns 
a special case. 
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a) Circular fan outlet when 04 = 02 (see figure 54). 

The star straightener consists of eight radial vanes equally spaced and located 22,5’ from the radial planes through 
the wall tappings in plane 4. 

The vane thickness shall not exceed 0,00704. 

The length of the straightener is 204 + 1 %. 

i 
Fan 

225” 

d -- -- 
Figure 54 - Circular fan outlet for 02 = 04 

b) Circular fan outlet when 04 # 02 (see figure 55) 

0,95 s (D4/D$ s I,07 

h2 = D4 

NOTE 41 The transition section is conical, and the friction loss coefficient is that of a duct of diameter D4 and length Da. 

Fan 

604 C 

LT2- 34 204 --D4- 

0 2 0 4 

Figure 55 - Circular fan outlet for 02 # 04 

c) Rectangular fan outlet, b x h, where b > h (see figure 56) 

0,95 s n: D; /4bh s I,07 

LT2 = I,0 04 when b S 4h/3 

LT2 = O,75 (b/h) 04 when b > 4h/3 

NOTE 42 The transition section is formed from sheet material in a single curvature. 
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Fan 

I  -  

5D4 
a 

Figure 56 - Rectangular fan outlet where b > h 

d) Circular or rectangular fan outlet where 0,95 G  A2/A4 s  I,05 (see figure 57) 

For an outlet duct with cell straightener: 

The antiswirl device consists of a nest of cells  of equal cross-sect ion (hexagonal, square, etc.) each with width w 
and length L. The vane thickness e shali not exceed 0,005D. 

1) For a normal duct straightener: 

w = 0,07504 between axes 

L = 0,45D4 

e S 0,00504 

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

2) For a straightener upstream of an orifice plate with wall taps [see 26.9 and figure 23 e) and g)]: 

w=o,15D6 

e C 0,00306 

L = 0,45D6 

-  504 _ 1,5D4 

(2 IODJ -  C 

A 
(Enlarged) 

3 

+  

Figure 57 - Circular or rectangular fan outlet where 0,95 s  A2/A4 s  I,05 

100 
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e) Transformation (see figure 58) 

The transition section is formed from a single sheet of material as illustrated in figure 58 in accordance with 30.2 c). 

--@.... --- 

I 

I 

Figure 58 - Transformation 

f) Special case (see figure 59). 

In the particular case of tests on fans of type B or D without significant outlet swirl, such as a centrifugal volute or 
cross-flow fan, a simplified outlet duct may alternatively be fitted when discharging to atmosphere or a measuring 
chamber. This duct shall be of the same cross-section as the fan outlet and the length shall be the value 
determined by the expression in figure 59 a) or b). 

L> 20b2(h2-hJ 
62 + h2 

for 0,9 L h,/h,cl for 0,5 s h2/hs = 0,9 

a) b) 

Figure 59 - Special cases 

The tolerance on the cross-section of the duct is + 0,Ol (1 %) of the fan outlet area. 

30.3 Common segment at fan inlet 

This comprises the section of the inlet side test airway adjacent to the fan and incorporates a set of wall tappings in 
accordance with clause 7 as shown in figure 60. 

A transition section may be used to accommodate a difference in area and/or shape within the limits specified in b) 
and c) below. 

a) A circular fan inlet when 03 = DI (see figure 60) 

I- Fan 

- 03 -03 = - 203 

II 

1 . 

Figure 60 - Circular fan inlet for 03 = 
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b) Circul 

NOTE 43 

ar fan inlet where 0,975 DI s 03 s I,5 D1 (see figure 61) 

The transition section is conical, and the friction loss coefficient is that of a duct 

Fan 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . ..J............. 
. . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I.... 

~~~~~~- 

. . . . . . . . . . . . . . . . . . . . . . . . . . 

3 1 2 

Figure 61 - Circular fan inlet for 0,975 DI s 03 s 1 I  5 Dl 

of diameter 4 and length D3- 

c) Rectangular fan inlet, b x h (see figure 62) 

The section adjacent to the fan inlet has the same rectangular cross-section, b x h as the fan inlet to which it is 
attached and its length L,I is given below: 

2 
xD3 - 2 0,95bh 

4 

L sl 

There is no upper limit on 03 or on the aspect ratio b/h (where b > h), but the included angle of expansion between 
the short sides should not exceed 15” and the included angle of contraction between the long sides should not 
exceed 30°. The transition section has the form described in 30.2 e). 

I 

Fan 

Figure 62 - Rectangular fan inlet 

d) Circular or rectangular fan inlet where 

0,925 s A3/A1 s 1,125 

[see figure 63 and 30.2 d) I)] 

I Fan 

4 &5D3 

0,4503 5D3 c 

Figure 63 - Circular or rectangular fan inlet where 0,925 s A3/A1 G 1 ,I 25 
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e) Circular or rectangular fan inlet 

An inlet duct simulation section in accordance with 30.5 may be used as shown in figure 64. This method 
appropriate when the test airway of diameter 03 is sufficiently large to contain the whole of the bell-mouth entry. 

L sl=Dl 

for a circular fan inlet subject to the conditions given in 30.5 a), and 

for a rectangular fan inlet. 

Figure 64 - Circular or rectangular fan inlet 

30.4 Outlet duct simulation 

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

The outlet simulation section takes the form of the common segment defined in 30.2 a), b), c), d) 1) or f), as 
appropriate. The outlet of the common segment is left open to the atmosphere, but the outlet-side pressure is 
measured by the wall tappings in plane 4 [except for 30.2 f)]. 

For large fans (800 mm and larger) it may be difficult to carry out the tests with the standardized common airways 
on the outlet side, including straighteners. 

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

Results obtained in th 
inlet and outlet sides, 

is way may d iffer to some extent from those 
ally if t he fan produces a large swirl. 

obtained by using common airways on both the 

In this case, the static pressure Pe4 is not measured at the wall of the outlet duct of length 20. This static pressure 
is taken equal to the atmospheric pressure. 

30.5 Inlet duct simulation 

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

a) Circular fan inlet 

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

An inlet length equal to DI, is the normal relationship and provides a true ducted-inlet fan characteristic for any fan 
over the range of normal working duty. In certain cases, however, a longer duct is needed to enable the fan to 
develop its full ducted-inlet pressure at or near zero-volume flow. If in such cases a complete fan characteristic 
curve is required, it is permissible to extend this element as required, or to use the common segment of 30.3 a) 
with a bell-mouth entry at its inlet end. 
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b) Rectangular fan inlet 

The simulation section should have the same rectangular cross-section, b x h, as the fan inlet to which it is 
attached, and its length L,I given by the following relationship: 

A bell-mouth entry should be fitted. 

30.6 Loss allowances for standardized airways 

Conventional allowances given in this subclause shall be made for airway friction in tests with standardized 
airways. The friction allowance factors are shown in figure 65. 

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

The allowances are calculated for the common segments described in 30.2 and 30.3 between the fan outlet or inlet 
and the plane of pressure measurement. The same allowances should be made when transition sections are 
incorporated and when an inlet-duct simulation section as described in 30.5 is used (in which case they cover the 
bell-mouth entry loss). 

30.6.1 Loss allowances for common outlet segments described in 30.2 a), b) and c) 

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

A = 0,005 + 0,42 (&)4)-“‘3 

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

cs = 0,95 (ReD4)-0”* 

and the conventional 
followin g expression: 

coefficient ((2 _ 4)4 between the fan outlet and the measuring plane 4 is given by the 

(c* _ & = 3A+ 0,95 (ReD4)-ot12 

= 0,015 + 1,26 (ReD4)w0f3 + o,% (ReDJ)-of12 

Rt?Dd = h4D4P4 =-----x106 v,qD4 

P4 15 

for standard air. 

The loss coefficient (c 2 -4)4 is plotted against the Reynolds number, see figure 65 a). 

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

f&-4= 

30.6.2 Loss allowances for common outlet segments described in 30.2 d)l) 

The coefficient of friction loss A for a duct length equal to the diameter is given by the following expression: 

A = o,l 4(ReDh4)-0.17 

and is shown plotted in figure 65 b). 
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The ratio of e quivalent length of a cell-straightener to hydraulic diameter Dh (Dh = D4 for a circular duct) is given by 
the following expressio n: 

Le 15,04 -= 
Dh 

i 

I- 26,65 L + 184,6 
Dh 

The conventional loss coefficient of the common outlet segment described in 30.2 d) 1) is given by the following 
expression (see figure 57): 

@Z-4)4 =A[%+$-] 

where LQ -4 is the length of the duct between the fan outlet and the measurement section. 

30.6.3 Energy loss allowances for short outlet duct described in 30.2 f) 

The duct friction shall not be considered. 

30.6.4 Energy loss allowances for common inlet segment described in 30.3 a), b) and c) 

The coefficient of friction loss A is given by the following expression: 

A = 0,005 + 0,42 (ReD&"'3 

(cl _ 3)3 = 0,015 + I,26 (ReD3)-0'3 

ReD3 = vm3Q3P3 == vm3& x 106 

P3 15 

in standard air. 

The conventional loss coefficient 

(c3-I)3 =-(L-3)3 

is always negative and is shown in figure 65 a). 

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

P3 Vi3 
&3-1=(~3-1)3~Fi 

30.6.5 Energy loss allowances for common inlet duct with cell straightener described in 30.3 d) 

The coefficient of friction loss A is given by the same expression as in 30.6.2. 

A=0,14(ReDh3)-0'17 

where 

ReDh3 = 
vm3Dh3P3 == vm3Dh3 x 106 

P3 15 

in standard air. 
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4J- 
. 

5 0,s .- 
U .- 
z 
Ei 
U 

ii 
0 

A 

2 0,4 

0 .- 
t 

ii 

z 

6 

083 

5 x IO6 IOf 5 x IOf IO8 
Duct ReynoLds number, ReD 

a) Conventional loss coefficient for standardized airways (30.6.a and 30.6.4) 

f 0,03 aJ .- 
U .a 

Y- 
+ 
aJ 
0 
U 
ln 

iii 

0,Ol 

- 
5 x IO4 IO5 5 x IO5 IO6 5 x IO6 IO? 

Duct Reynolds number, ReD 

b) Friction loss coefficient for ducts (30.62 and 30.651 

Figure 65 - Loss coefficients 

The conventional loss coefficient between sections 1 and 3 is consequently given by the following expression: 

It is shown in figure 65 a). 
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The losses in energy between planes 3 and 1 are given by the following expression: 

2 

Ap3-~=(~3-1)3~&~3 

30.6.6 Energy loss allowances for inlet duct simulation described in 30.5 

There are no losses allowed for this inlet duct, unless an inlet duct corresponding to the common segments 
described in 30.3 a) or d) or other is required. 

31 Standardized test chambers 

31.1 Test chamber 

A chamber may be incorporated in a laboratory set-up to provide a measuring station or to simulate the conditions 
the fan is expected to encounter in service, or both. 

31.1.1 Dimensions 

The test chamber cross-section may be circular, square or rectangular. 

The length should be sufficient to accommodate any fan to be tested without infringing on the minimum distance 
shown in figures 66 and 67. 

31.1.2 Pressure tappings 

The wall tappings in the measuring planes sh all be in accordance with the requirements of clause 7 and be 
spaced a round a cyli ndrical chambe r or at the ce ntre of each of the sides of a square or rectangular chamber 

IlY 

31 .I .3 Flow-settling means 

Flow-settling means shall be installed in chambers where indicated on the test installation plans to provide the 
required flow patterns. 

If the measuring plane is located downstream of the settling means, the settling means is provided to ensure a 
substantially uniform flow ahead of the measuring plane. In this case, the maximum velocity at a distance 0,l Dh 
downstream of the screen shall not exceed the average velocity by more than 25 % unless the maximum velocity 
is less than 2 m . s-1. 

If the measuring plane is located upstream of the settling means, the purpose of the settling screen is to absorb 
the kinetic energy of the upstream jet, and allow its normal expansion as if in an unconfined space. This requires 
some backflow to supply the air to mix at the jet boundaries, but the maximum reverse velocity shall not exceed 
10 % of the calculated mean jet velocity. 

If measuring planes are located on both sides of the settling means within the chamber, the requirements for each 
side as outlined above shall be met. 

Any combination of screens or perforated plates that will meet these requirements may be used, but in general a 
reasonable chamber length for the settling means is necessary to meet both requirements. 

Three uniform wire-mesh or perforated-plate screens adequately supported and sealed to the chamber wall, 
spaced 0,l Dh apart and with 60 %, 50 % and 45 % free area successively in the direction of flow, may be 
expected to secure flow meeting these conditions. 

Screens shall be kept free from blocking by dirt. 

A performance check will be necessary to verify that the flow-settling means are providing the required flow 
patterns. 
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Test airways for Ill 
flowrate control and 
measurement see 

- ~---+1+~~- --_-. ‘L2!Lm ’ 2 
0 

figure 70 and clause 32 C 

III 
I I I 1 I C T 2 

a) Inlet chamber dimensions 

4 
0,803 

C  

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

I !k 
<I ;. -_ 
b-f 

d) Example of double-Inlet centrifugal fan 

O,125& x 0,5D3 
inlet 

e) Example of cross-flow fan 

NOTE -The fans illustrated have the maximum permissible dimensions 

Figure 66 - Inlet-side test chamber type 1 
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Chamber diameter D3 2 2,5&t 
Equivalent chamber diameter D3 = m z 2,5Dlt 
h 3 min. 1 2Dlt 
b 3 max. c 1,Sh 3 

;o,5D3~ l m’Z , 

A-A 
(Variation) 

a) Dimensions of inlet test chamber 

r: 0,303 
\ 

-+++$-~ L-l, 

III I . 
Ill + 

1 

A-A 

I 
A- 

b) Minimum dimensions of extended test chamber with motor on the inlet side 

Figure 67 - Inlet-side test chamber type 2 
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)- o,w3 = 0,303 = 0,503 

t-i - -- 

I II P-4 

.+- 

- - _‘_ 

g - L 8 

SR 1,25Dlt 
I 

A-A 
b tot 

I 

c) Minimum dimensions of extended test chamber for installation of two-flow fdns 

Figure 67 - Inlet-side test chamber type 2 

110 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


@ IS0 IS0 5801:1997(E) 

31.1.4 Multiple nozzles 

Multiple nozzles shall be located as symmetrically as possible. The centreline of each nozzle shall be at least I,5 
nozzle throat diameters from the chamber wall. The minimum distance between centres of any two nozzles in 
simultaneous use shall be three times the throat diameter of the largest nozzle. 

The d istance fro m the exit face of the largest 
times the throat diameter of the largest nozzle 

nozzle to the downstream settling means shall be a minimum of 2,5 

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

31.15 Orifice plate in chamber 

The orifice shall be coaxial within the chamber within zfr I” and + 0,005& (see 26.2). The distance between the 
upstream face of the orifice plate and the exit of the upstream settling means shall be a minimum of 0,4&, where 
Dh is the hydraulic diameter of the chamber. 

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

The distance between the inlet plane of the orifice plate and the upstream and downstream pressure taps is 
o,o%+, +_ o,ol D/-,. 

The orifice plate shall be in accordance with the conditions described in 26.2. 

31.2 Variable supply and exhaust systems 

A means of varying the point of operation shall be provided in a laboratory set-up. 

31.2.1 Throttling devices 

Throttl ing devic es may be used to con trol the point of operation of the fan. Such devices shall be located on the 
end of the duct or chambe r and should be sym metrical about the duct or chamber axis. 

31.2.2 Auxiliary fans 

Auxiliary fans may be used to control the point of operation of the test fan. They shall be designed to produce 
sufficient pressure at the desired flowrate to overcome losses through the test set-up. Flow adjustment means, 
such as dampers, pitch control, or speed control may be required. Auxiliary fans shall not create surge or pulse flow 
during tests. 

31.3 Standardized inlet test chambers 

31.3.1 Test chamber 

Three types of inlet test chamber are described in this International Standard (see figures 66, 67 and 68). 

31.3.1.1 Inlet test chamber type 1 

The test chamber cross-section may be circular with inside diameter D3, square 03 x 03 or rectangular with D3 the 
shorter side. 

The length should be sufficient to accommodate any fan to be tested without infringing on the minimum distance 
between chamber pressure taps and fan casing or motor, as shown in figure 66. 

31.3.1.2 Inlet test chamber type 2 

The test chamber cross-section may be circular with inside diameter D3, square 03 x 03 or rectangular 63 x h3, with 
b3 G 1,5h3 and the equivalent chamber diameter: 

D3 = Al b3h3 
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For fans with an inlet-side drive or for two-flow fans or double-inlet fans, where a corresponding minimum distance 
is necessary in the chamber between the pressure tapping and the next segment of the fan depending on the 
installation conditions, it will be necessary to use a test chamber extended in length compared with the minimum 
dimensions indicated in figure 67. 

Dimensions in millimetres 

PL3 

a) 

PL-? PLS 

P esg3 

Pe5 AP 
b) 

P esg3 

Figure 68 - Inlet-side test chamber type 3 
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31.3.1.3 Inlet test chamber type 3 

The dimension 03 of the inlet test chamber type 3 is the inside diameter of a circular chamber or the equivalent 
diameter of a rectangular chamber with inside transverse dimensions h3 b3 

where 

The pressure-measuring plane 3 is: 

- at least 0,303 upstream of the downstream end of the chamber; 

- at least O,Z& downstream of the flow-settling means. 

Inlet chambers of type 3 may be fitted with nozzles for flowrate measurement (see figure 68). 

31.3.2 Fan under test 

31.3.2.1 Inlet chamber type 1 

The fan under test may have any inlet throat area Alt not exceeding 

D2 ‘1 
8 

or 

for a circular chamber, where Alt is the inlet throat area provided the inlet 
is not practicable, the total throat area of the inlet or inlets shall not exceed 

is coaxial with the chamber. Where this 

and the inlets should be so located that the flow remains as symmetrical about the chamber axis as possible. 

Examples of fans with maximum inlet sizes are shown in figures 66 and 67. 

31.3.2.2 Inlet chamber type 2 

The fan under test may have any inlet throat diameter Dlt not exceeding D3/2,5 

or 

Alt s A3/6,25 

or 

A3 a 6,25 Alt 

When testing a double-inlet fan, the minimum width of the chamber shall be capable of accommodating both inlets. 
It is expedient to choose a chamber with square or rectangular cross-section, of which the total width b3 is the sum 
of the fan width b and an open space surrounding the two intake openings corresponding to a hemisphere of radius 
equal to 1,250~~ as shown in figure 67. 

31.3.2.3 Inlet chamber type 3 

Inlet chambers shall have a cross-sectional area five times the fan inlet throat area 

A3 2 5A1 

They may be fitted with or without multinozzles for flowrate measurement (see figure 68). 
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31.4 Standardized outlet test chambers 

31.4.1 Test chamber (see figure 69) 

The test chamber cross-section may be circular with inside diameter De, square D6 x D6 or rectangular he x b6. 

The dimension D6 of the chamber is the inside diameter of a circular chamber or the equivalent diameter of a 
rectangular chamber with inside dimensions h6 and b6 where 

Q3 d - 4kb6 -- 
n 

The fan outlet pressure Pe4 may be measured either in the fan outlet duct or in the chamber. Outlet chambers may 
be fitted with or without multinozzles for flowrate measurement (see figure 69). 

Dimensions in millimetres 

PL6 

2 0,506 

I- 

Fan 
1 0,306 38 26 4 c- 

PLI PL2 PL4 

‘I 

II 
I 

II 
I I 

“1/l-l II 
I I 
I I 

III I I 

u a 
Pe4 

Fan 

PLI PL2 

Fan 

-7 
PLI PL2 ’ 

PL4 PL6 
I 

1 0,5& 

a) 

Peu AP Pelt 

P\4 PL6 

$-j 11 rFan y 0,306, 

Pe4 Peu 

b) 

Peu AP 

PL6 

Pe4 
d) 

Peu 

I) The distance J shall be equal to at Least the diameter of the outlet duct 
for fans with axis of rotation perpendicular to the discharge flow, and to at 
Least twice the diameter of the outlet duct for fans with axis of rotation 
paraLLeL to the discharge flow. 

Figure 69 - Outlet-side test chambers 
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31.42 Fan under test 

An outlet test chamber (see figure 69) shall have a cross-sectional area at least nine times the area of the fan outlet 
or outlet duct for fans with axis of rotation at right angles to the discharge flow (A6 2 9A2) and a cross-sectional 
area at least 16 times the area of the fan outlet or outlet duct, for fans with axis of rotation parallel to the discharge 
flow: (A6 a 16A2). 

32 Standard methods with test chambers - Type A installations 

32.1 Types of fan setup 

Two general setups of fan on chamber are shown: 

a) 

b) 

inlet-side test chamber setup; 

outlet-side test chamber setup. 

Eleven methods of controlling and measuring the flowrate in the case of inlet chamber set-up and two methods in 
the case of outlet chamber setup are shown. The method of flowrate measurement is specified in each case, 
together with the clauses and figures detailing the flow measurement procedure. 

A common procedure, comprising measurements to be taken and quantities to be calculated, allowing the 
determination of fan performance in type A installations, with II methods for determining flowrate in the case of 
inlet chamber setup and two methods in the case of outlet chamber setup are given in 32.2 and 32.3. 

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

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

However two simplified procedures may be followed when 

the reference Mach number Mazref at the fan outlet is less than 0,15 and the pressure ratio is more than 1,02; 

the reference Mach number Mazref is less than 0,15 and the pressure ratio is less than 1,02. 

Procedures for theses cases are given in 32.2.4.1 and 32.2.4.2. 

32.2 Inlet-side test chambers 

32.2.1 Flowrate determination 

The flowrate is determined by: 

- Inlet IS0 Venturi nozzle, see figure 70 a); 

- quadrant inlet nozzle, see figure 70 a); 

- conical inlet, see figure 70 a); 

- inlet orifice with corner taps, see figure 70 b); 

- inlet orifice with wall taps, see figure 70 b); 

- in-duct orifice with D and D/2 taps, see figure 70 c); 

- in-duct orifice with corner taps, see figure 70 c) 

- in-duct IS0 Venturi nozzle, see figure 70 d); 

- Pitot-static tube traverse, see figure 70 e); 

- in-duct Venturi nozzle, see figure 70 f); 

- multiple nozzles in chamber, see figure 70 g); 

- orifice plate in chamber, see figures 70 g) and 23 h). 
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3d5 min. 
/ 

r  

Fan 

AP AP Pe3 

a) F lowrate determination us ing IS0 Venturi nozzle or conical inlet or quadrant inlet nozzle 

Fan 

Pe3 

b) Flowrate determination us ing inlet orifice with corner taps or wall taps 

Pet AP Pe3 

c)  F lowrate determination us ing in-duct orifice with taps at D and 0,5D or in-duct orifice with corner taps 

Fan 

Figure 70 -Type A test installations (inlet-side test chamber) 
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I- 

Fan 

In accordance with 29.2.8 

In accordance with 29.2 

Pet Pe3 

d) Flowrate determination using in-duct Venturi nozzle 

Variable supply system 

Transition section 

Pitot-static tube traverse 

e) Flowrate determination ushg Pitot-static tube traverse 

\ 

Variable supply system 

r Transition section 

Pe? @ 

I) Dt = 1,9d5 min. 

PL5 . 

I? 

smoothina means 

0,3D3 min. 

PL3 PLI 0,303 min. 

0.5031 min. 

--: 

i 

. 

.- 
E 

m 

L Pesg3 2 
Settling means d 

- Included angle suggested 

f) Flowrate determination using in-duct Venturi nozzle 

Figure 70 - Type A test installations (inlet-side test chamber) (continued) 
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Variable supply system PL? PLS 2,5d5 min. 
f 

5 Settling means 

g) Flowrate determination using multiple nozzles in chamber 

Figure 70 -Type A test installations (inlet-side test chamber) (concluded) 

32.2.2 Measurements to be taken during tests (see clause 20) 

Measure 

- rotational speed, N, or rotational frequency, n; 

- power, P,, PO or P, and estimate impeller power (see 10.4) and power P,, of an auxiliary fan; 

- flowmeter differential pressure, Ap ; 

- pressure, pe7 or pe5 upstream of the flowmeter; 

- chamber pressure, pe3, for figure 70 a) to d) and chamber stagnation pressure for figure 70 e, f) and g); 

- chamber temperature, t3. 

In the test enclosure measure 

- atmospheric pressure, pa, at the mean altitude of the fan; 

- ambient temperature near fan inlet, ta; 

- dry- and wet-bulb tem.peratures, td and f,,,,. 

Determine the ambient air density, pa, and the gas constant of humid air R, (see clause 12). 

32.2.3 General procedure for compressible fluid flow 

This procedure should be applied when both the fan pressure ratio is more than I,02 and the reference Mach 
number, Mazref, is more than 0,15 (see 14.4.2). 

32.2.3/l Calculation of flowrate 

32.2.3.1.1 The flowrate is determined by 

- inlet IS0 Venturi nozzle, see clause 22 and figure 70 a); 

- quadrant inlet nozzle, see clause 24 and figure 70 a); 
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- conical inlet, see clause 25 and figure 70 a); 

- inlet orifice with corner taps, see 26.10 and figure 70 b); 

- inlet orifice with wall taps, see clause 26.11 and figure 70 b). 

The in-line flowmeter is followed by a control device or an auxiliary fan with a control device. 

Assuming that. 

P7=Pa=Pu 

@sg7 = 07 = t, + 273,15 

pEL- 
p7 R,07 

After calculation of the dynamic viscosity of air in accordance with 12.3 and a first approximation of the Reynolds 
number through the flowmeter, the flow coefficient a and the expansibility factor E or the compound coefficient a~ 
may be determined in accordance with subclauses 

22.3.2, 22.3.3 and 22.3.4 and figure 18 for an IS0 Venturi nozzle; 

24.4 for a quadrant inlet nozzle; 

25.4 and figure 22 for a conical inlet; 

26.10 and figures 26 and 28 for an inlet orifice with corner taps; 

26.11 for an inlet orifice with wall taps. 

The mass flowrate is given by the following expression: 

4m 

When a is a function of the Reynolds number Red or ReD, the variation of a with Red or &g shall be taken into 
account in the expression above. 

32.2.3.1.2 The flowrate is determined using 

- in-duct orifice with taps at D and D/2, see 26.7 and figure 70 c); 

- in-duct orifice corner taps, see 26.8 and figure 70 c); 

- in-duct IS0 Venturi nozzle, see clause 22 and figure 70 d). 

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

Assuming that 

P7=Pe7 +Pa 

0 - sg7 = - sg3 0 =t3+273,15=oa+ Prx Or Pex 
4mcp 

07 = osg7 - di 
2fGp; cp 

P7 
P7=jq$y 

the mass flowrate is determined by the following expression: 

4m 
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The expansibility coefficient is determined in accordance with clause 22 and subclauses 26.7 and 26.8. 

After an estimation of the flowmeter Reynolds number: 

Red5 = aed5J2p7AP x1o6 

(17,1+ 0,048t7) 

the flow coefficient a or the compound coefficient UE are determined in accordance with 26.7 and figure 24 for in- 
duct orifice with taps at D and D/2; 

26.8 and figure 25 for in-duct orifice with corner taps; 

clause 22 and figure 18 for in-duct IS0 Venturi nozzles. 

A first app 
calculated. 

roximation of qm may be obtained with 07 = Osg7, 07 may be determined and a new value of a and qm 

Two iterations are sufficient for a calculation accuracy of 1 O-3. 

32.2.3.1.3 The flowrate is determined using a Pitot-static tube traverse, see clause 27 and figure 70 e). 

A control device or an auxiliary fan with a control device is set upstream of the duct for flowrate measurement. 

Assuming that 

P5=Pe5 + Pa 

1 n 
=-- Pe5 y2 c Pe5j 

j=l . 

@sg5 = @sg3 =t3+273,15 

The tern perature t5 in the test duct may be measured 
preferabl e to measure t he tempe rature in the chamber t3. 

The mean differential pressure is given by: 

2 
n = 1 Apyl” 

j=l 

see 27.5 

and the mass flow is determined by the following expression: 

and considered as a stagnation temperature, but it is 

4m = =45$P5APrn 

where 
P5 

P5=R,05 

K-l 
05 = osg5 p5 

t 1 K 
P5 + f!Pm 
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a is  a function of Reynolds number ReD5 very c lose to 0,99 (see 27.6). 

A first approximation of qm is  calculated with a = 0,99 and corrected for a variation. 

32.2.3.1.4 The flowrate is  determined using an in-duct Venturi nozzle, see c lause 23 and figure 70 f). 

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

Assuming that 

03 = osg3 = osg7 =t3+273,15=Oa+ Prx O r  Pex 
4m cp 

P7=Pe7+Pa 

2 
07 =Qsg7- qm 

24p:c* 

The mass flowrate qm is  given by the following expression: 

4m = am -  2p7Ap $J- 

4 IIG G  =C&n;- 
4 J1-cIAup4 

where 

E is  the expansibility coefficient calculated in accordance with 23.4.3 and table 5. 

‘-d = 1 -  ApIp 

a is  the flowrate coefficient equal to: 

C 

J  1 -  aAuP 
4 

C is  the nozzle discharge coefficient, a function of the Reynolds number Red5 and of the shape of the nozzle 
(see 23.4.2 and table 5); 

aA, is  a k inetic energy coefficient equal to 1 for a chamber approach and equal to 1,043 for a duct approach; 

P = d5/& 

Red5 = aEd5 J2P7AP X106 
17,1+ 0,048 t7 

For a first approximation: 

0,95 

a=Jg 

and 07 = Osg7 

P7 
Py=R,o-i 
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A firs t approx 
value Of 4m. 

imation of qm may be calculated and with this value, 07, p7, Red5 and a allow calculation of a new 

Two or three calculation steps allow an accuracy of 10-s. 

32.2.3.1.5 The flowrate is determined using multiple nozzles in chamber, see clause 23 and figure 70 g). 

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

Assuming that 

P7=Pe7 +Pa 

=p7 
p7 R,e7 

P d5 0 z-z 
D7 

The mass flowrate is given by the following expression in accordance with 23.4: 

4m =&:n: 

where 

& is the expansibility coefficient in accordance with 23.4.3 and table 6. 

Cj is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds number 
Red5j- 

P = 0 and Cj = aj. 

Cj = q is calculated in accordance with 23.4.2 and table 5; 

n is the number of nozzles. 

For each nozzle, the throat Reynolds number Red5 is estimated by the following expression: 

Red5j = Ecj d5j d2PTAP x 1 o6 
17,1+ 0,048 t7 

with Cj = 0,95 

After a first estimation of the mass flowrate, the discharge coefficients C’ are corrected. 

32.2.3.1.6 The flowrate is determined using an orifice plate in the test chamber with wall tappings, see 26.9.1 and 
figures 70 g) and 23 h), i) and j). 

An orifice plate is fitted instead of the multiple Venturi nozzles. 

Assuming that 

P7=Pe7 +Pa 

P7 
P7 =- 

Rw@7 

P A~025 
07 ’ 
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The mass flowrate is given by the following expression in accordance with 26.5: 

qrn = a EZ - fd- 2p7Ap 

where a& is determined in accordance with 26.9 and 26.9.1. 

32.2.3.2 Calculation of fan pressure 

32.2.3.2.1 Fan inlet pressure 

Assuming that 

P3=Pe3+Pa 

03 = t3 + 273,15 = Osg3 = Osgl 

In accordance with 14.5 and 14.6: 

“* 
Psgl = P3 + p3 

1 s; 
Y=p3+--= 2 4P3 

Psg3 

“* 
Pesgl = Pe3 + p3 

1 4; ~zpe3+--z 

2 4P3 
Pesg3 

This is valid for the setups in figure 70 a) to 
pesg3 is measured by a Pitot-static tube and 

d). For the setups in figure 70 e), f) and g), the stagnation pressure 

Psgl = Pesg3 + Pa = Psg3 

Pesgl = Pesg3 

Pe3 S 0 and Pesgl 

In accordance with 14 @I 4.3.2 and 14.5.2 Mal, - 
0 

and p1 may be determined. 
- sgl 

The inlet static pressure p1 is given by the following expression. 

PI= Psgl- PdlFMl= FMl 

or 
2 

Pel =Pesgl FM1= PI - Pa 

the Mach factor FMI being calculated in accordance with 14.5.1. 

32.2.3.2.2 Fan outlet pressure 

At the fan outlet p2 is equal t o the atmos pheric pressure pa and 

@sg2 = osgl + 32% 
qmcp 

Ma2 and 02 are calculated in accordance with 14.4.3.1: 
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Psg2 = P2 + FM2 

FM~ being calculated in accordance with 14.5.1. 

It may also be written 

Pesg2 

L 

FM2 

h 
PI + P2 =- 

2 

kP 
PI =- 

Pm 

32.2.3.2.3 Fan pressure 

The fan static pressure JIs~~ is given by the following expression: 

PsFA=PZ -kg1 =Pa -Psgl =-Pesgl 

and the fan pressure PFA by 

PFA = Psgz - Psgl = Pa + FM2 - kg1 

PFA = Pesg2 - Pesgl = 

32.2.3.3 Calculation of volume flowrate 

In the test conditions, the volume flowrate is calculated by the following expression: 

Wsgl 
pz!lL= 

4m 

Psgl f Psgl ) 

32.2.3.4 Calculation of fan air power 

32.2.3.4.1 Fan work per unit mass and fan air power 

In accordance with 14.8.1, the fan static work per unit mass is given by the following expression: 

2 2 

&A 
P2 -PI %I1 =--- 

Pm 2 

and the fan work per unit mass by 

2 
P2 -PI + Y~72 V2 ml 

YA=x- --- 2 2 
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The fan static power and the fan air power PUsA and &A are given by the following expressions: 

P USA = 4m * YsA 

PuA=qm”YA 

32.2.3.4.2 Calculation of fan air power and compressibility coefficient 

In accordance with 14.8.2: 

P USA = 4vsgl ’ PsFA * k,s 

&A = 4vsgl l PFA$I 

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

a) First method: 

k,, or k, = & log, 0 r 

logI 0 [I + &(’ - I)] 

where 

,=l+PsFA 
Psgl 

for fan static air power, or 

r=1+- 
Psgl 

for fan air power, and 

zk 
K-l 

=- pr 
K qvsgl PsFA ( Or PFA) 

for fan static air power or fan air power. 

b) Second method: 

kps Or kp = 

In(l+x) ZP 
x In (I+ Zp) 

where 
PsFA x=r-l=- - or PFA 
Psgl Psgl 

for fan static power or fan air power 

zP 
K-l pr =- 

K Wsgl Psgl 

32.2.3.5 Calculation of efficiencies 

In accordance with 14.8.1, the efficiencies are given by the following expressions: 

- Fan static efficiency: 

P 
%rA 

= USA 
pr 
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- Fan efficiency: 

- Fan static shaft efficiency: 

P 
%aA 

= USA 
Pa 

- Fan shaft efficiency: 

P 
rlA a 

=-LA 
Pa 

32.2.4 Simplified procedure 

32.2.4.1 Reference Mach number Mazref less than 0,15 and pressure ratio more than I,02 

The stagnation and static temperatures are considered as equal and the Mach factors FM are equal to unity (see 
14.9.1). 

FM1 =FMz=~ 

32.2.4.1 .I Calculation of mass flowrate 

The mass flowrate is determined in accordance with the methods described in 32.2.3.1. 

However, the following simplifications can be applied to the calculations of setups in figure 70 c), d), e), f) and g). 

The temperatures upstream of the flowmeter and in the chamber may be measured: 

O,=t,+273,15=Osgu 

Pu=Peu +Pa 

There is no need 
temperatures. 

However, when a 
necessary. 

for iterative procedures to take into account the difference between stagnation and static 

varies with the Reynolds number (see 32.2.3.1 page 118) the estimation of Reynolds number is 

The flowrate is calculated with the estimated value of a and with 0, = O,,,. 

32.2.4.1.2 Calculation of fan pressure 

32.2.4.1.2.1 Fan inlet pressure 

In accordance with 14.9.1.2 and 14.9.1.3: 

V2 1 

( 1 

2 
qrn 

Psgl=Psg3=P3+P3F=P3+- - 
2P3 A3 

or 

V2 1 

( 1 

2 

Pesgl = Pesg3 = Pe3 + 
4m 

-F= Pe3 +- - 2P3 A3 

where 
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=p3= Pe3 + Pa 
p3 R& R,@J 

except in the cases of figure 70 e), f) and g) for which the stagnation pressure is measured: 

Psgl = Psg3 

or 

Pesgl = Pesg3 

( 1 
2 

I 4m 
PI = Psgl - - - 

VI AI 

or 

1 4m 
Pel = Pesgl - - - 

( 1 2Pl Al 

where 
PI PI PI 

‘I =R,O,=x= &,,,@sg3 

but pl is unknown, and an iterative procedure shall be used to determine p1 and PI. Two or three calculation steps 
are sufficient (see 14.9.1.4). 

The pressure p1 may be determined by the following expression (see 14.9.1.4): 

i 0 
2 

2 
Psgl + Psgl - 2 - qm R,o,,l 

Al 
PI = 2 

and 

Pel =Pl-Pa 

32.2.4.1.2.2 Fan outlet pressure 

At the fan outlet, p2 = pa or pe2 = 0 

P2 
” = RwOsg2 

0 
ff or Pe 

-sg2 =@sg1+- 
4mCp 

Psg2 = P2 + +&+Pa+&(~) 

Pesg2 
1 4mZ =- - 

( 1 2P2 A2 

32.2.4.1.2.3 Fan pressure 

The fan static pressure PSFA and the fan pressure PFA are given by the following expressrons: 

PsFA= PZ-Psgl = Pa -kg1 =-Pesgl 
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- Psgl 

1 

( 1 

2 
4m - =- - 

2P2 A2 
Pesgl 

Pm Pl+Pz =- 
2 

k, PI =- 
Pm 

NOTE 44 pesgl s 0, pe3 s 0. 

32.2.4.1.3 Calculation of volume flowrate 

The volume flowrate is given by the following expression as in 32.2.3.3: 

4vsgl 
=4m 

Psgl 

Psgl 
Psgl =- 

Rw@sgl 

32.2.4.1.4 Calculation of fan air power 

Fan air powers are determined in accordance with 14.8.1, 14.8.2, 14.8.3 and 32.2.3.4. 

32.2.4.1.5 Calculation of fan efficiencies 

Fan efficiencies are calculated in accordance with 14.8.1, 14.8.2, 14.8.3 and 32.2.3.5. 

32.2.4.2 Reference Mach number Mazref less than 0,15 and pressure ratio less than I,02 (see 14.9.2) 

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

01 = @sgl = 03 = @sg3 = 02 = @sg2 

PI = P2 

FM1 =FMz=~ 

kP 

32.2.4.2.1 

The mass 

32.2.4.2.2 

32.2.4.2.2 

Calculation of mass 

flowrate is determined in accord ante with 32.2.4.1.1. 

.I 

f lowrate 

Calculation of fan pressure 

Fan inlet pressure 

PI = Psgl = Psg3 = - 
R;k3 

Psgl = P3 + 
1 

2Psgl 

2 
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I 4m 

t 1 

2 

Pl=Psgl-- - 
*PI 4 

or 
2 

except in the case of figure 70 e), f) and g) for which the stagnation pressure Pesg3 is measured and Pesgl =Pesg3 
or Psg 1 = Psg3. 

32.2.4.2.2.2 Fan outlet pressure 

At the fan outlet: 

P2”Pa 

Pe2 = 0 

I qrn 

L 1 

2 

Psg2 = P2 + -- 
2Pl A2 

or 

I 9m 

( 1 

2 

Pesg2 =- - 
2Pl A2 

32.2.4.2.2.3 Fan pressure 

The fan pressures are given by the following expressions: 

PsFA = P2 - Psgl = Pa - Psgl = - Pesgl 

PFA = Psgz - Psgi = P2 + 

32.2.4.2.3 Calculation of volume flowrate 

The volume flowrate at inlet conditions is determined by the following expression: 

qvsg1 =4m= qrn 

Psgl Psgl 

r I Rw@sgl 

32.2.4.2.4 Calculation of fan air power 

The fan air powers are determined by the following expressions: 

P USA = qvsgi * PSFA 

P uA = qvsgl *PFA 

32.2.4.2.5 Calculation of fan efficiencies 

Fan efficiencies are calculated in accordance with 14.8.1 and 32.2.4.1.5. 
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32.2.5 Fan performances under test conditions 

Under test conditions, the fan performances are: 

- inlet volume flow, ~vsgl; 

fan static pressure, PsF& 

- fan pressure, PF& 

- fan efficiency, VsrA or qrA. 

32.3 Outlet-side test chambers 

32.3.1 Flowrate determination 

The flowrate is determined using: 

- Venturi nozzle on end of chamber, see clause 23 and figure 71 a); 

- multiple nozzles in chamber, see clause 23, figure 71 b); 

- orifice plate in chamber, see 26.9.1, figure 71 b). 

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

Measure: 

- rotational speed, N, or rotational frequency, IZ; 

- power input, P,, P, or P,, and estimate impeller power (see 10.4); 

- flowmeter differential pressure, Ap; 

- upstream pressure, p&; 

- chamber pressure, pe4; 

- chamber temperature, t4. 

In the test enclosure, measure: 

- atmospheric pressure at the mean altitude of the fan, pa; 

- ambient temperature near the inlet, ta; 

- dry- and wet-bulb temperatures, td and t,,,,. 

Determine the ambient air density pa and gas constant of humid air I?, in accordance with clause 12. 

32.3.3 General procedure for compressible fluid flow 

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

32.3.3.1 Calculation of mass flowrate 

32.3.3.1.1 The mass flowrate is determined using 

- Venturi nozzle, see clause 23 and figure 71 a); 

multiple nozzles in chamber, see clause 23 and figure 71 b). 

The chamber is followed by a control device or an auxiliary fan with a control device. 
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Dimensions in millimetres 

Fan 
P% Variable exhaust system 

‘\I \ I I I & I 

P&t 

i 

Pe6 AP 

Settling means 

a) Flowrate determination using Vent&i nozzle on end of chamber 

PL2 PL4 
I PL6 PL8 Variable exhaust system 7 

/ o& c ! 2Sds min. 

Pe4 

i 

Pe6 AP 

Settling means 

b) Flowrate determination using multiple nozzles in chamber 

1) The distance J shall be equal to at least the diameter of the outlet duct 
for fans with axis of rotation perpendicular to the discharge flow, and to at 
least twice the diameter of the outlet duct for fans with axis of rotation 
parallel to the discharge flow. 

Figure 71 -Type A test installations (outlet-side test chamber) 
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Assuming that 

p6 
&=R,o8 

The mass flowrate is given by the following expression in accordance with 23.4: 

n 

4m =&n; 

zL 1 

c 

j=l 

j+JG 

E is the expansibility coefficient in accordance with 23.4.3 and table 6; 

Cj is the discharge coefficient of the jth nozzle, as a function of the nozzle throat Reynolds number Re&j, see 
23.4; 

P = 0 and C’= a 

C’= aj is calculated in accordance with 23.4 and table 5; 

~1 is the number of nozzles, equal to 1 for a nozzle on end of chamber. 

For each nozzle, the throat Reynolds number Red8 is estimated using the following expression: 

Red8j = 
&Cid8j J2PGA!’ x106 
17,1+ 0,048 t6 

with Cj = 0,95 

After a first estimation of the mass flowrate, the discharge coefficients Cj are corrected for the Reynolds number 
variations. 

32.3.3.1.2 The mass flowrate is determined using an orifice plate in the test chamber with wall tappings, see 
26.9.1, figures 71 b) and 23 h), i) and j). 

Assuming that 

P6=Pa +Pe6 

PS 
p6 =- 

Rw06 

The mass flowrate is given by the following expression in accordance with 26.5. 

4m 

where aE is determined in accordance with 26.5 and 26.9.1. 
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32.3.3.2 Calculation of fan pressure 

32.3.3.2.1 Fan outlet pressure 

@sg2 = @sg4 = t4 + 273,? 5 = @sg6 

The Mach number Ma2 and the temperature 02 are determined in accordance with 14.4.3.1 and figure 5. 

02 
02 = osg2 - 

@sg2 

P2 
P2 P4 =-=- 

Rw02 Rw02 

FM2 

1 
Pesg2 = Pe2 + - P2 2 

FM~ being determined in accordance with 14.5.1. 

32.3.3.2.2 Fan inlet pressure 

Psgl =Pa; Pesgl = O 

0 "sgl = ta + 273,15 

The Mach number kkq, the ratio 

PI 

and the Mach factor FM~ are calculated in accordance with 14.4.3.2, 14.4.4 and 14.5.1. 

or 
2 

Pel FMl 

32.3.3.2.3 Fan pressure 

The fan static pressure PSFA and the fan pressure ~FA are given by the following expressions: 

PSFA = P2 - Psgl = P2 - Pa = Pe2 

PFA = Psg2 - PsgI = Pesg2 - Pesgl = Pesg2 

Pm 
PI + P2 =- 

2 

k, ‘I =- 
Pm 

32.3.3.3 Calculation of the volume flowrate 

Under the test conditions the volume flowrate is determined by the following expression: 

133 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


IS0 5801:1997(E) 

Wsgl =9m 
Psgl 

where 

=pa 
psgl Rw@sgl 

32.3.3.4 Calculation of fan air power 

32.3.3.4.1 Fan work per unit mass and fan air power 

In accordance with 14.8.1, the fan static work per unit mass and the fan work per unit mass are given by the 
following expressions: 

V2 
2 

YsA 
P2 - PI ml =---=---- 

Pm 2 

2 
P2 - PI + Cn2 V2 ml 

YA=-c --- 

~.yQ~(-&(2!E-) 

The fan static air power and the fan air power are given by 

P USA = %&A 

P uA = %d’A 

32.3.3.4.2 Calculation of fan air power and compressibility coefficients 

In accordance with 14.8.2: 

P USA = qvsgl PsFA $S 

&A = Wsgi PFA +I 

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

a) First method: 

k,, or k, = 
q10910 I- 

log1 0 [I + Zk(’ - I)] 

where 

K-l 
r-l+- and &=- pr 

Psgl K Wsgl PSFA 
for k,, 

r=l+m and Zk 
K-l pr =- 

kg1 K Wsgi PFA 
for k, 

b) Second method: 

k,, or kp = 
In (I+ X) ZP 

x In (I+ ZP) 
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x y--l= PsFA fork,, 
Psgl 

xq---I= -!?EA for-$ 
Psgl 

zP 
K-l pr =- 

Ic qvsg1 Psgl 

32.3.3.5 Calculation of efficiencies 

In accordance with 14.8.1, the efficiencies are given by the following expressions: 

Fan static efficiency: 

P 
%rA 

= USA 
pr 

- Fan efficiency: 

P 
rlA r =.-!A 

pr 

32.3.4 Simplified procedures 

32.3.4.1 Reference Mach number A4qref less than 0,15 but pressure ratio more than I,02 

The stagnation and static temperatures may be considered as equal and the Mach factors FM are equal to 1 (see 
14.9.1). 

FM1 =FM~=I 

32.3.4.1 .I Calculation of mass flowrate 

The mass flowrate is calculated by the procedure described in 32.3.1. 

32.3.4.1.2 Calculation of fan pressure 

32.3.4.1.2.1 Fan outlet pressure 

Assuming that 

FM1 =FM~=I 

P2 P4 
Pz=R,02=R,04 

V2 1 

( 1 

2 

Psg2 = P4 + P2 
4m 

-F=p4+- - 2P2 A2 

or 

V2 1 

( 1 

2 

Pesg2 = Pe4 + P2 
4m 

-F=Pe4+- - 2P2 A2 
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32.3.4.1.2.2 Fan inlet pressure 

Pa = Psgl 

Psgl = Pa =Pa 
&v@sg1 

2 

or 

I qrn 

( 1 

2 

Pel =-- - 
2Pl Al 

where 

PI 
PI =- 

44Pl 

But p1 is unknown and an interative procedure shall be used to determine p1 and p1 (see 14.9.1 A). 

Two or three calculation steps are sufficient. 

The pressure p1 may be determined by the following expression: 

p1 
- 

Psgl +I/ 
- 

2 

and 

Pel =Pl -Pa 

32.3.4.1.2.3 Fan pressure 

The fan static pressure and the fan pressure are given by the following expressions: 

PsFA=P2-Psgl =P4-Pa= Pe4 

- Pa 

1 

( 1 

2 
4m =p&+- - 

2P2 f42 

32.3.4.1.3 Calculation of volume flowrate 

qvsg1 
qrn =- 

Psgl 

32.3.4.1.4 Calculation of fan air power 

Fan work per unit mass and fan air power are calc’ulated in accordance with 14.8.1, 14.8.2 and 32.3.3.4. 

32.3.4.1.5 Calculation of efficiencies 

Efficiencies are calculated in accordance with 32.3.3.5. 
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32.3.4.2 Reference Mach number less than 0,15 and pressure ratio less than I,02 (see 14.9.2) 

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

01=Osgl=02=Osg2=04=~sg4=Ou=0,=ta+273,15 

PI = P2 

FM1 =F~z=l 

k, = 1 

32.3.4.2.1 Calculation of mass flowrate 

The mass flowrate is determined in accordance with 32.3.3.1. 

32.3.4.2.2 Calculation of fan pressure 

32.3.4.2.2.1 Fan outlet pressure 

P1=Psgl=P2=Psg2=P4=Pu=Pa=~ 
da 

I 4m 

t 1 

2 

Psg2 = P4 + -- 
2Pl A2 

or 

I 4m 

t 1 

2 

Pesg2 = Pe4 + -- 
2Pl A2 

32.3.4.2.2.2 Fan inlet pressure 

I qrn 

t 1 

2 

PI = Psgl - - - 
2Pl AI 

Pel 
I 9mL =-- - 

t 1 2Pl Al 

32.3.4.2.2.3 Fan pressure 

The fan pressures are given by the following expressions: 

PsFA = P2 - Psgl = P4 - Pa = Pe4 

PFA = Psg2 - Psgl = p4 + 

I 4m 

t 1 

2 

= Pe4 + - - 
2Pl f42 

= Pesg4 

2 

- Pa 

32.3.4.2.3 Calculation of volume flowrate 

9vsgl &C!L 

Psgl 
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32.3.4.2.4 Calculation of fan air power 

The fan air powers are determined by the following expressions: 

P USA = qvsgl %FA 

P uA = qvsgl l PFA 

32.3.4.2.5 Calculation of fan efficiencies 

Fan efficiencies are calculated in accordance with 14.8.1 and 32.3.3.5. 

32.3.5 Fan performance under test conditions 

Under the test conditions the fan performances are as follows: 

inlet volume flow, qvsgl; 

- fan static pressure, JIsFA; 

- fan pressure, PFA; 

- fan efficiency, ?jsrA or VrA. 

33 Standard test methods with outlet-side test ducts - 
Type B installations 

33.1 Types of fan setup 

Two general setups of fan are shown: 

a) outlet test duct with antiswirl device, the pressure being measured downstream of the antiswirl device; 

b) outlet duct of the short type; 2 or 3 equivalent diameters long without antiswirl device, in which no 
measurements are taken, followed by an outlet chamber and a flowmeter. The results obtained in this way may 
differ to some extent from those obtained using common airways on the outlet side. 

Eight methods of controlling and measuring the flowrate in the test duct are shown in the first case, and two 
methods in the second case. The method of flowrate measurement is specified in each case, together with the 
clauses and figures detailing the flow measurement procedure. 

A common procedure, comprising measurements to be taken and quantities to be calculated allowing the 
determination of fan performance in type B installations, is given in 33.2.3 to 33.2.3.5. It is generally valid for all 
fans in accordance with this International Standard. 

However, two simplified procedures may be followed when: 

- the reference Mach number Mazref is less than 0,15 but the pressure ratio more than 1,02; 

- the reference Mach number Ma2ref is less than 0,15 and the pressure ratio less than 1,02. 

In these circumstances, the procedures which are given in 14.9.1, 14.9.2, 33.2.4 and 33.3.4 may be followed. 

33.2 Outlet-side test ducts with antiswirl device 

33.2.1 Mass flowrate determination 

The mass flowrate is determined using: 

- in-duct IS0 Venturi nozzle, see clause 22 and figure 72 a); 

- outlet orifice with wall taps, see 26.9 and figure 72 b); 

- in-duct orifice with D and D/2 taps, see 26.7 and figure 72 c); 
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- in-duct orifice with corner taps, see 26.8 and figure 72 c); 

Pitot-static tube traverse, see clause 27 and figure 72 d) and e); 

in-duct Venturi nozzle, see clause 23 and figure 72 f); 

outlet Venturi nozzle on chamber, see clause 23 and figure 72 g); 

multiple nozzles in chamber, see clause 23 and figure 72 h). 

IS0 5801:1997(E) 

Dimensions in millimetres 

I- 
Fan 

Pe4 Pe6 AP 

a) Flowrate determination using IS0 Venturi nozzle 

Fan 

9,204 min. %2& 2- 

TO----, ‘_I c 
/ 1 

- 
Pe4 

b) Flowrate determination using outlet orifice 

lo& min. I- 506 min. 

Pe4 
Pe6 AP 

c) Flowrate determination using in-duct orifice with taps at D and 0,W or in-duct orifice with corner taps 

Figure 72 - Type B test installations (with antiswirl device) 
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Dimensions in millimetres 

/ Convergent when f16 Z &+ included angle 20” 

1) This cylindrical airway section of length &+ may be replaced by a 
transition section in accordance with clause 30 when required to accommodate a 
change in area and/or shape. 

d) Flowrate determination using Pitot-static tube traverse 

Fan 

PLI 

PL2 
I 12-4 

PL4 
F 

Throttling device 

IO& min. 
+0,2504 

8,504 0 D4 min. 
< -t- 

+0,2504 

/Straightener H\ Pit ot tube traverse 

Transition section 
Pelt AP 

e) Flowrate determination using Bitot-static tube traverse 

Figure 72 - Type B test installations (with antiswirl device) (continued) 
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Dimensions in millimetres 

Variable exhaust system 

04 max. \ 

PL2 
12-4 

Fan 

PLI 

Transition section 
Pe4 AP 

f) Flowrate determination using in-duct Venturi nozzle 

PL2 
e 12-4 

PL4 
- 

Fan 

lOD4 min. 0,306 min. - 
+0,2504 

8,504 0 c 
+0,2504 

/Included angle 
suggested L @d6 max. = 0,5304 

Variable exhaust system 

PL6 PL8 

0,5& min. 4 

5ds min. 

Transition section 

g) Flowrate determination using nozzle on end of chamber 

Figure 72 - Type B test installations (with antiswirl device) (continued) 
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PL2 
- 

PL4 
c- 

lOD4 min. 
+0,250 4 

Fan 

7 

8,5D4 0 F 
+0,250 4 

PLI 

1 i I I 
5D/+ 0 

t-+ 

i 

L Straightener Pelt 

Transition section 

0,306 min. 

-I 
Dimensions in millimetres 

Variable exhaust system 

PL6 PL8 

h) Flowrate determination using multiple nozzles in chamber 

Figure 72 - Type B test installations (with antiswirl device) (concluded) 

33.2.2 Measurements to be taken during tests (see clause 20) 

Measure: 

- rotational speed, N, or rotational frequency, n; 

- power input, P,, P, or P,, and estimate impeller power (see 10.4); 

- outlet pressure, pe4; 

- pressure, p&, upstream of flowmeter; 

- differential pressure, Ap; 

- chamber temperature, t6. 

In the test enclosure, measure 

- atmospheric pressure, pa, at the mean fan altitude; 

- ambient temperature near fan inlet, ta; 

- dry- and wet-bulb temperatures, td and t,. 

Determine the ambient air density, pa, and the gas constant of humid air, I?,,,, (see clause 12). 

33.2.3 General procedure for compressible fluid flow 

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

33.2.3.1 Calculation of mass flowrate 

33.2.3.1.1 The mass flowrate is determined using: 

- in-duct IS0 Venturi nozzle, see clause 22 and figure 72 a); 

- outlet orifice with wall taps, see 26.9 and figure 72 b); 

- in-duct orifice with taps at D and D/2, see 26.7 and figure 72 c); 

- in-duct orifice with corner taps, see 26.8 and figure 72 c). 
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The outlet test ducts for pressure and flowrate measurements are followed by a control device or an auxiliary fan 
with a control device. 

a) The temperature in the test duct t4 or t6 is not measured. 

This is the normal procedure. 

Assuming that 

P6 =Pe6 +Pa 

@S@ = ta + 273,15 

%g6 
eOrPe 

= @sgl + - 
qmCp 

2 

@6 = @@ - qm 
4 or Pe 

= OS91 + - - szn 
4mCp 

P6 
P6 =- 

Rw@6 

but 06, @@, qm are unknown. 

The mass flowrate is determined by the following expression: 

where 

& is the expansibility coefficient determined in accordance with 22.3.3, 26.7, 26.8, 26.9; 

a is the flow coefficient function of Reynolds number Red8 or ReD6 estimated by the following expressions: 

Red8 = 
aEd8J2P6Ap x1o6 

17,1+ 0,048t6 

or 

ReD6 = (-=pd6J2PSAp x1o6 

17,1+ 0,048t6 

a or the compound coefficient a& is determined in accordance with 22.3, 26.7, 26.8, 26.9 and figures 18, 24, 25, 26 
and 27. 

An iterative procedure should be applied to calculate 06, pa, Red8 or &De, a and qm from a first value 
of 06: 06 = @g6 = @,I 

Three or four iterations are sufficient to obtain qm with a calculation accuracy of 1 O-3. 

b) The temperature t6 is measured. lt is considered as a stagnation temperature @@: 

2 
@=t6+273,15- 

and the above procedure is applied. 

33.2.3.1.2 Flowrate is determined using a Pitot-static tube traverse, see clause 27, figure 72 d) and e). 

NOTE 45 For the installation in figure 72 e), plane 4 and plane 6 are identical. 
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The outlet ducts for pressure and flowrate measurements are followed by a control device or an auxiliary fan with a 
control device. 

Assuming that 

1 n 
Pe6 =-- 

n c Pe6j 
j=n 

P6 =Pe6 +Pa 

eOrPe 
@@ = @sgl + - 

qmCp 
K- 1 

@6 

where 

i I 
2 

1 n Apm = - 
n c Ap;.” 

j=l 

=[;(JG+@z+...&Y)] 
P6 

P6 =- 
Rw"6 

The mass flowrate qm is determined by the following expression: 

qm=aEAgJ2P6APm 

where 

a is a flowrate coefficient function of the Reynolds number ReDa, very close to 0,99 (see 27.6). 

ReD6 = a&&j 1/~p6~h x1o6 
17,1+ 0,048 t6 

E is the expansibility coefficient (see 27.5): 

A first approximation of qm.is calculated with a= 0,99 and E is calculated by the expression above. 

This value of qm allows calculation of ReD6, a and a second value of qm. 

Two or three iterations are sufficient to determine the mass flowrate with a calculation accuracy of 1 O-3. 

33.2.3.1.3 The mass flowrate is determined using an in-duct Venturi nozzle, see clause 23 and figure 72 f). 

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

Assuming that 

P4=Pe4+Pa 

P4 
P4 Z------------ 

R,o4 
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0 
CorP, 

sg4 = @sgl + - 
qmCp 

Pr Or pe 04=Osgl+-- 
4m2 

YmCp 2&&p 

@sg41 @4, qlyk are unknown. 

P d6 =- 
04 

The mass flowrate qm is given by the following expression (see clause 23): 

4m d62 &GG =tX&n;-J- 

4m 
d: &z = &CV- 
4 jLAup4 

a is the flow coefficient of nozzle equal to: 

C is the discharge coefficient of the nozzle, a function of the throat Reynolds number Red6 (see 23.4.2 and 
table 5): 

Red6 = aEd6~= x 1 *6 
17,1+ 0,048t4 

aAU is a kinetic energy coefficient equal to 1,043 for a duct approach and 1 for a chamber approach; 

E is the expansibility coefficient calculated in accordance with 23.4.3 and table 6. 

For a first approximation, 

0,95 

The value of qm calculated allows calculation of new values of 04, ~4, Red& a and qm. 

Two or three iterations are sufficient for a calculation accuracy 1 O-3 for qm. 

33.2.3.1.4 The mass flowrate is determined using 

- outlet Venturi nozzle on chamber, see clause 23 and figure 72 g) and h), 

- multiple nozzles in chamber, see clause 23 and figure 72 g) and h). 

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

The temperature t6 in the chamber may be measured: 

P6=Pe6+Pa 
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06 = @sg6 = t6 + 273,15 

P d8 =- =0 
D6 

=.-AL 
p6 R,o6 

The mass flowrate is given by the following expression: 

qrn =&n: 

where 

& is the expansibility coefficient in accordance with 23.4.3 and table 6; 

C’ is the discharge coefficient of thejth nozzle, as a function of the nozzle throat Reynolds number 

k&j, See 23.4; 

p=OandC’=ai 

C’ = aj is calculated in accordance with 23.4 and table 5; 

IZ is the number of nozzles, equal to 1 for a nozzle on end of chamber. 

For each nozzle, the throat Reynolds number Red8 is estimated using the following expression: 

Red8j = Ecjd8jd2P6Ap x 1 o6 
17,1+ 0,048 tfj 

with C’ = 0,95 

After a first estimation of the mass flowrate, the discharge coefficients Cj are corrected for the Reynolds number 
variations. 

33.2.3.2 Calculation of fan pressure 

33.2.3.2.1 Fan outlet pressure 

Assuming that 

P4=Pe4+Pa 

0 -sg4 = @sg2 =@sgl +==osg6 =t6 + 273,15 
qmCp 

The Mach number in section 4 and the ratio Osg& are determined in accordance with 14.4.3.1 and figure 5. 

04 
04 = @sg4 0 

w 

P4 
P4=R,o4 

2 4 6 
FM4=l+T+s++9& (see14.5.1) 

146 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 58

01
:19

97

https://standardsiso.com/api/?name=48999283d5b2c8c1caac4da145ef919d


@ IS0 IS0 5801:1997(E) 

The friction loss coefficient between sections 2 and 4 (6 2 - 4)~ is calculated in accordance with 30.6 and figure 65. 

The stagnation pressure at fan outlet psg2 is given by the following expression: 

Psg2 = P4 + $+M4[1+(62-4)4] 

Pesg2 = Pe4 + +FM4[1+(62-4)4] 

The static density p2 and the pressure p2 are calculated in accordance with 14.5.2, iMa2 being determined in 
accordance with 14.4.3.2 and figure 6. 

P2 = Psg2 - P2 &TM2 2 

2 

FM2 

or 

FM2 

33.2.3.2.2 Fan inlet pressure 

At the fan inlet psgl =pa, Osgl = @a, and p1 may be determined in accordance with 14.5.2 and 14.4.3.2. 
2 

FMl 

Ma1 and p1 being calculated in accordance with 14.4.3.2 and 14.5.2 and figures 4, 5 and 6. 

We have also: 

Pesgl = 0 

Pel FMl 

33.2.3.2.3 Fan pressure 

The fan pressure PFB and the fan static pressure PSFB may be calculated using the following expression: 

PFB = Psg2 - Psgl = Pesg2 

PSFB = P2 - Psgl = Pe2 

Pm 
P2 + PI =- 

2 
and 

$3 = PlJPm 

33.2.3.3 Calculation of volume flowrate 

The volume flowrate is calculated by the following expression: 

4vsgl 
qrn z--------z 4m 

Psgl Psgl 

i I R,@sgl 
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33.2.3.4 Calculation of fan air power 

33.2.3.4.1 Fan work per unit mass and fan air power 

In accordance with 1 
following expression 

4.8.1, the fan work per unit mass y5 and the fan static work per unit mass YsB are given by the 
s: 

YB = 
P2 -  PI 

Pm 

V2 V2 + m2 ml --- 
2 2 

V2 _ Pe2 - Pel + m2 V2 ml - -- 

Pm 2 2 

2 

ysB 

_ Pe2 -  Pel %A -  - -  
Pm 2 

The fan air power P”B and the fan static power Puss are given by the following expressions: 

P uB = %dB 

P usB = %dsB 

33.2.3.4.2 Calculation of fan air power and compressibility  coefficients 

In accordance with 14.8.2: 

P uB = qvsgl PFB ‘$I 

PusB = Wsg i PSFB $S 

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

First method: 

k,, or kp = z k  logI 0 I- 

logI 0 [I + &(’ - I)] 

for k, or 

r=l+PsFB 
P W I 

for k,, and 

z k  
K-l pr =- 

Ic qvsgl PFB 

for k, or 
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zk 
K-l pr =- 

K qvsgl PsFB 

for k,,. 

b) Second method: 

kps Or kp = 
ln(l+x) ZP 

x In (I+ Zp) 

where 

PFB xq=--I’- 
Psgl 

or 

x _ PsFB -- 
Psgl 

and 

zP 
K-l pr =- 

K QVsgl Psgl 

33.2.3.5 Calculation of efficiencies 

In accordance with 14.8.1, the efficiencies are calculated by the following expressions: 

- Fan efficiency: 

P 
77B 

UB 
r =- 

pr 

- Fan static efficiency: 

P 
%rB 

= usB 
pr 

- Fan shaft efficiency: 

- Fan static shaft efficiency: 

P 
%aB 

= usB 
Pa 

33.2.4 Simplified procedures 

33.2.4.1 Reference Mach number Ma2ref less than 0,15 and pressure ratio more than I,02 

At a section of the test duct the stagnation and static temperature are considered as equal: 

@)(=0,g,=t,+273,15 

The Mach factors FMI and FM~ are equal to 1. 
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33.2.4.1 .I Calculation of mass flowrate 

The mass flowrate is determined in accordance with the methods described in 33.2.3.1. s 

However, the following simplification applies: 

The temperature upstream of the flowmeter may be measured: 

@u = @sgu =t,+273,15=Osg4=04 

Pu=Peu+Pa 

=pu= Pu 
” R,O, R,/,,esgu 

There is no need for an iterative procedure to take into account the difference between stagnation and static 
temperatures, but the Reynolds number effect on aor C.should be applied. 

33.2.4.1.2 Calculation of fan pressure 

33.2.4.1.2.1 Fan outlet pressure 

In accordance with 14.9.1.2, 14.9.1.3 and 30.6 

Psg2 = P4 + P4 +[1+(52-4)4] 

or 

Pesg2 = Pe4 + P4 &[1+(62-4)4] 2 

where 

)l%-= 
P4 

p4 Rw04 R,,,,@sg4 

0 msg4 = osgl + -32% = osg2 
qmCp 

p2 may be determined by the following method (see 14.9.1.4): 

( > 

V2 
m4 A4 

P2 1= Psg2 - P4 2 A 
t 2 1 

2 

( > 
( > P2 1 

P2 1 = 
Rvv%g2 

1 
P2 = Psg2 - 

&I 
- 
2 4 (P2)l 

Pe2 = Pesg2 - - sil 1 

2 4 (P2)l 

Two or three iterations are sufficient; p2 may be also determined by the following expression: 

P2 
p2 = RwOsg2 
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33.2.4.1.2.2 Fan inlet pressure 

At the fan inlet 

Psgl = Pa 

Pesgl = 0 

The static pressure pl may be determined by one of the two methods applied in 33.2.4.1.2.1. 

33.2.4.1.2.3 Fan pressure 

The fan pressure PFB and the fan static pressure PSFB are given by the following expressions: 

PFB =Psg2?sgl =Psg2?a Vesg2 

PsFB = P2 - Psgl = P2 - Pa = Pe2 

33.2.4.1.3 Calculation of volume flowrate 

The volume flowrate is given by the following expression: 

Bvsgl 
=%=f ; ) 

33.2.4.1.4 Calculation of fan air power 

Fan air powers are determined in accordance with 14.8.1 I 14.8.2, 14.8.3 and 33.2.3.4. 

33.2.4.1.5 Calculation of fan efficiencies 

Fan efficiencies are calculated in accordance with 14.8.1, 14.8.2, 14.8.3 and 33.2.3.5. 

33.2.4.2 Reference Mach number Ma2ref less than 0,15 and pressure ratio less than I,02 (see 14.9.2) 

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

01 = Qsgl = @= @sg2= @a = ta + 273,15 

Pa 
pl=p2=P4=P6=Pa=~ 

w-a 

FM1 =FM~=I 

k,= 1 

33.2.4.2.1 Calculation of mass flowrate 

The mass flowrate is determined in accordance with 33.2.4.1 .I, with pu = pa = --&- 
Rvv"a 

33.2.4.2.2 Calculation of fan pressure 

33.2.4.2.2.1 Fan outlet pressure 

According to the assumption above, 

Pa 
Pl=Psgl=p2=Psg2=P4=P6=Pa=- 

Rw@a 

Psg2 = P4 + l+(c2-4)4] 
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Pesg2 = Pe4 1+(52-4)4] 

( 1 
2 

I 4m 
P2 = Psg2 - - 

2Pl f42 

( 1 
2 

I 4m 
Pe2 = Pesg2 - - - 

2Pl A2 

33.2.4.2.2.2 Fan inlet pressure 

Psgl = Pa 

Pesgl =O 

t 1 2 
I qrn 

PI = Psgl - - - 
2Pl 4 

Pel 
I 4mL =-- P 

l 1 2Pl Al 

33.2.4.2.2.3 Fan pressure 

The fan pressure PFB and the fan static pressure P$B may be determined by the following expressions: 

PFB = Psg2 - Psgl = Psg2 - Pa = Pesg2 

PsFB=P2-Psgl=P2-Pa= Pe2 

33.2.4.2.3 Calculation of volume flowrate 

The volume flowrate is given by the following expression, as in 33.2.4.1.3: 

=4m= 4m 
qvsg1 

ps91 ( Pa \ 

33.2.4.2.4 Calculation of fan air power 

In accordance with 14.9.2.6 

P uB =qvsgl PFB 

PusB =qvsgl PsFB 

33.2.4.2.5 Calculation of fan efficiencies 

Fan efficiencies are determined from P,B or Puss as in 33.2.3.5. 

33.2.5 Fan performance under test conditions 

Under tests conditions, the fan performances are the following: 

- inlet volume flowrate, qvsgl; 

- fan pressure, PFB; 

- fan static pressure, PSFB; 

- fan efficiency, qrB or qsrB. 
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33.3 Outlet chamber test ducts without antiswirl device 

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

33.3.1 Mass flowrate determination 

The mass flowrate is determined using 

- Venturi nozzle on end of chamber, see clause 23 and figure 73 a); 

- multiple nozzles in chamber, see clause 23 and figure 73 b). 

Dimensions in millimetres 

Fan 

PL2 

Variable exhaust system 

/ 

Fan 

\ 
PLI * \ 

PLZ I 

suggested 

Pe4 

L- 

Pe6 AP 

Settling means 

a) Flowrate determination using Venturi nozzle on end of chamber 

Variable exhaust system 

K 1 [a -1 2,5d8max min. 

‘l’wBth\ , @d8max / 

Pe6 AP 

Settling means 

b) Flowrate determination using multiple nozzles in chamber 

NOTE - Dimension J shall be equal to at least the fan equivalent discharge diameter for fans with axis of rotation 
perpendicular to the discharge flow, and to at least twice the fan equivalent discharge diameter for fans with axis of rotation 
parallel to the discharge flow. 

Figure 73 - Type B test installations (without antiswirl device) 
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33.3.2 Measurements to be taken during test (see clause 20) 

Measure 

- rotational speed, N, or rotational frequency, n; 

- power input, Pa, PO or P,, and estimate impeller power (see 10.4); 

- outlet pressure, pe4; 

- pressure, P&, upstream of 

- differential pressure, Ap; 

- outlet temperature, @. 

In the test enclosure, measure 

the flowmeter; 

- atmospheric pressure, pa, at the mean altitude of the fan; 

ambient temperature, t,, near fan inlet; 

- dry- and wet-bulb temperatures, td and t,. 

Determine the ambient air density, Pa, and the gas constant of humid air, &,, (see clause 12). 

33.3.3 General procedure for compressible fluid flow 

This procedure shoul d be applied when both the reference Mach number Mazref is more than OJ5 and the 
pressure ratio is more than 1,02. 

33.3.3.1 Calculation of mass flowrate 

33.3.3.1.1 The mass flowrate is determined using 

- Venturi nozzle on end of chamber, see clause 23 and figure 73 a); 

multiple nozzles in chamber, see clause 23 and figure 73 b). 

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

The temperature @ in the chamber may be measured: 

P6 =Pe6 +Pa 

06 =@@=t6+273,15 

P d8 0 z-z 
Ds 

p6 
pg=R,og 

The mass flowrate is given by the following expression: 

& is the expansibility coefficient in accordance with 23.4.3 and table 6; 

Cj is the discharge coefficient of the jth nozzle, and is dependent upon the nozzle throat Reynolds number 
Re&j; 

p=OandC’=aj 
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Cj = Cdj is calculated in accordance with 23.4 and table 5; 

n is the number of nozzles and is equal to 1 for a nozzle on end of chamber. 

For each nozzle, the throat Reynolds number, Red& is estimated with the following expression: 

Red8j = 
ECjd8 j J2PGAP 

IO6 
17,1+ 0,048t6 

with Cj = 0,95. 

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

After a first estimation of the mass flowrate, the discharge coefficients C’ are determined and corrected. 

33.3.3.2 Calculation of fan pressure 

33.3.3.2.1 Fan outlet pressure 

Assuming that 

P4=Pe4+Pa 

0 = @sg2 = 0@ 
q or Pe 

SW = t6 + 273,15 = osgl + - 
4mCp 

the section 2.4 being the section of the outlet duct at the entrance to the chamber (A2 4 =A2 if there is no outlet 
duct simulation), the Mach number at section 2.4, Ma2.4, and the ratio OSg& 4 are determined in accordance with . 
14.4.3.1 and figure 5. 

@24 
O2.4 = @sg4 0 

%I4 

P4 
P2.4 = r 

w - 2.4 
2 4 6 

FM2s4=l+!!fp+~+y& 

(see 14.5.1 and figure 4). 

There is no loss allowance for this test duct, and the stagnation pressure at section 2 is given by the following 
expression: 

FM 2.4 

Pesg2 = Pe4 + - FM 2.4 

The pressure p2 and the static temperature 02 in section 2 are determined in accordance with 14.5.2, Ma2 being 
calculated in accordance with 14.4.3.2. 

P2 
P2=R,o2 

v2 2 

P2 = Psg2 - P2 m2 &/Q = Psg2 - 2 FM2 

Pe2 
- - Pesg2 - 

1 

( 1 

2 
4m -- 

2P2 A2 
FM2 
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33.3.3.2.2 Fan inlet pressure 

At the fan inlet 

@sgl =O,=ta+273,15 

Psgl = Pa 

and p1 may be determined in accordance with 14.5.2, MaI and 01 being calculated in accordance with 14.4.3.2. 

Pel 

2 

FM1 

33.3.3.2.3 Fan pressure 

The fan pressure, PFB, and the fan static pressure PSFB may be calculated by the following expressions: 

PFB = Psg2 - Psgl = Psg2 -Pa = Psg2 

PSFB = P2 - Psgl = P2 -Pa = Pe2 

Pm 
= P2 + PI 

2 
and 

k, PI =- 
Pm 

33.3.3.3 Calculation of volume flowrate 

The volume flowrate is calculated using the following expression: 

4vsgl 
=e=f ;:I \i 

(Rvv@sgl ) 

33.3.3.4 Calculation of fan air power 

33.3.3.4.1 Fan work per unit mass and fan air power 

In accordance with 14.8.1, the fan work per unit mass YB and the fan static work per unit mass ySB are given by the 
following expressions: 

V2 V2 P2-PI+ m2 ml 

YB=Pm --- 

yl-+&&--k) 

V2 - Pe2 - Pel + m 2 V2 m 1 - -- 

Pm 2 2 

V2 
2 

YsB 
P2 - PI ml =--- 

Pm 2 

_ Pe2 - Pel V2 ml - -- 

Pm 2 
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The fan air power P,B and the fan static power P,,B are given by the following expressions: 

P uB = q&B 

PusB = %dsB 

33.3.3.4.2 Calculation of fan air power and compressibility coefficient 

In accordance with 14.8.2: 

P uB = qvsgl PFB k, 

P USB = qvsgi PSFB $S 

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

a) First method: 

k k= zk logI 0 ?- 
Psor P 

lw,o[l+ zk(‘- I)] 

where 

j-=l+PFB 
kg1 

for k, or 

r=l+PSFB 
Psgl 

for fan static air power and 

zk 
K--l 4 

=- 
K qvsgl PFB 

for fan air power or 

zk 
K-l 4 

=- 
K qvsgi PSFB 

for fan static air power. 

b) Second method: 

In (I+ X) 
kP= x 

Z, 

In(l+Zp) 

where 

PFB xq---I=- 
Psgl 

or 

x = PsFB 

Psgl 

and 

zP 
K--l 4 

=- 

K 4vsgl Psgl 
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33.3.3.5 Calculation of efficiencies 

In accordance with 14.8.1, the efficiencies are given by the following expressions: 

- Fan efficiency: 

P 
77B r =uB 

pr 

- Fan static efficiency: 

P 
%rB 

= usB 
pr 

- Fan shaft efficiency: 

P 
rlB a =uB 

Pa 

- Fan static shaft efficiency: 

P 
%aB 

= usB 
Pa 

33.3.4 Simplified procedures 

33.3.4.1 Reference Mach number Ma2ref less than 0,15 and pressure ratio more than I,02 

At a section of the test duct the stagnation and static temperatures are considered as equal: 

FM1 =Fr\n2=1 

@)( = @g)( 

33.3.4.1 .I Calculation of mass flowrate 

The mass flowrate is determined in accordance with the methods described in 33.3.3.1 U 

0 -u = “sgu 0 =t6+273,15=@6=@sg6 

Pu =Pe6 +Pa 

y2L= p6 
” R,,& &,,@sg6 

C and ashall be corrected for the Reynolds number effect. 

33.3.4.1.2 Calculation of fan pressure 

33.3.4.1.2.1 Fan outlet pressure 

In accordance with 14.9.1, 14.9.1.3 and 33.3.3.2 

P4=Pe4+Pa 

Psg2 = P4 + P4 

or 

2 
vm 2.4 

Pesg2 = Pe4 + P4 - 2 
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=p4= P4 
p4 Rw04 R,,,,@sg4 

p2 may be determined by the following method (see 14.9.1.4): 
2 ( > vm24 

P2 1= Psg2 - P4 2 

( > 
( ) P2 1 

p2 ’ = R,,,,esg2 

1 dl 
P2 = Psg2 --- 

2 f4ZP2 

1 42 
Pe2 = Pesg2 - - - 

2 A22P2 

Two or three iterations are sufficient; p2 may be also determined by the following expression: 

P2 
p2 = RwOsg2 

33.3.4.1.2.2 Fan inlet pressure 

At the fan inlet 

Psgl = Pa 

Pesgl = 0 

The pressure p1 and the density p1 may be determined by one of the two methods developed for the calculation of 
P2. 

33.3.4.1.2.3 Fan pressure 

The fan pressure PFB and the fan static pressure PsFB are given by the following expressions: 

PFB = Psg2 - Psgl = kg2 - Pa = Pesg2 

PsFB = P2 - Psgl = P2 - Pa = Pe2 

33.3.4.1.3 Calculation of volume flowrate 

The volume flowrate is given by the following expression: 

qvsg1 
&!a-= 4m 

Psgl Pa 

l I %Psgl 

33.3.4.1.4 Calculation of fan air power 

Fan air powers are determined in accordance with 14.8.1, 14.8.2, 14.8.3 or 14.9.1.6 and 33.3.3.4. 

33.3.4.1.5 Calculation of fan efficiencies 

Fan efficiencies are calculated in accordance with 14.8.1, 14.8.2, 14.8.3 and 33.3.3.5. 
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33.3.4.2 Reference Mach number A4qref less than 0,15 and pressure ratio less than I,02 (see 14.9.2) 

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

@I = @sgl = 02 = osg2 = 04 = osg4 = 06 = &g6 = @a = t, -i- 273,15 

33 .3.4.2. 1 Calculation of mass flowrate 

Th #e mas s flowrate is ca lculated in accordance with 33.3.4.1 .I. 

PI - - p2=p4=p6= 

FM1 

k, = 

=FM~=I 

Pa 
=Pa 

R,oa 

33.3.4.2.2 Calculation of fan pressure 

33.3.4.2.2.1 Fan outlet pressure 

In accordance with the assumptions above, 

Pl = Psgl = P2 = psg2 = pa 

I 4m 

t i 

2 

Psg2 = P4 + -- 
2Pl *2 

I 4m 

( 1 

2 

Pesg2 = Pe4 + -- 
2Pl *2 

I 4m 

t i 

2 

P2 = Psg2 - - - 
2Pl *2 

= P4 

I 4m 

( 1 

2 

Pe2 = Pesg2 - - - 
2Pl *2 

= Pe4 

33.3.4.2.2.2 Fan inlet pressure 

Psgl = Pa 

Pesgl = 0 

33.3.4.2.2.3 Fan pressure 

The fan pressure PFB and the fan static pressure PSFB may be determined by the following expressions: 

PFB = kg2 - kg1 = Psg2 - Pa = Pesg2 

PsFB = P2 - Psgl = P2 - Pa = Pe2 
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33.3.4.2.3 Calculation of volume flowrate 

The volume flowrate is given by the following expression as in 33.2.4.1.3: 

4vsgl 
qrn z---------z 4m 

Psgl Pa 

i 1 

-~ 

4APsgl 

33.3.4.2.4 Calculation of fan air power 

In accordance with 14.9.2.6: 

P uB = qvsgl PFB 

P usB = qvsgl PsFB 

33.3.4.2.5 Calculation of fan efficiencies 

Fan efficiencies are determined from PUN or Puss as in 33.2.4.1.5. 

33.3.5 Fan performance under test conditions 

Under test conditions, the fan performances are the following: 

- inlet volume flow, qvsgl; 

- fan pressure, PFB; 

- fan static pressure, PSFB; 

- fan efficiency, VrB or ?jsrB. 

34 Standard test methods with inlet-side test ducts or chambers - 
Type C installations 

34.1 Types of fan setup 

Two general types of setup of fan are shown: 

a) inlet duct, where the inlet pressure is measured in the test duct; 

b) inlet 
cha mber 

chamber with, at the end of the ch ambe r, inlet duct simulation. The inlet pressure is measured in the 

Nine methods of controlling and measuring the flowrate in the test duct are shown. The method of flowrate 
measurement is specified in each case, together with the clauses and figures detailing the flowrate measurement 
procedure. 

A common procedure, comprising measurement to be taken and quantities to be calculated, allowing the 
determination of fan performance in type C installations with nine methods for determining flowrate, is given in 
34.2.3.1 .I to 34.2.3.1.3 and 34.3.3.1 .I to 34.3.3.1.4. This procedure is generally valid for all fans conforming to this 
International Standard. 

However, two simplified procedures may be followed when 

- the reference Mach number is less than O,l5 and the pressure ratio is more than 1,02; 

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

In these circumstances, the procedures given in 34.2.4 and 34.3.4 may be followed. 
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34.2 Inlet-side test ducts 

34.2.1 Mass flowrate determination 

The mass flowrate is determined by 

- inlet IS0 Venturi nozzle, see figure 74 a); 

- quadrant inlet nozzle, see figure 74 a); 

- conical inlet, see figure 74 a); 

- inlet orifice with corner taps, see figure 74 b); 

- inlet orifice with corner taps, see figure 74 c); 

- inlet orifice with wall taps, see figure 74 d); 

- in-duct orifice with D and D/2, see figure 74 e); 

- in-duct orifice with corner taps, see figure 74 e); 

- Pitot-static tube traverse, see figure 74 f); 

- Pitot-static tube traverse, see figure 74 g). 

34.2.2 Measurements to be taken during tests (see clause 20) 

Measure 

- rotational speed, N, or rotational frequency, n; 

- power input, P,, P, or Pe, and estimate impeller power (see 10.3) and power input Pe, of an auxiliary fan; 

- flowmeter differential pressure, Ap; 

- pressure, pe7 or pe3, upstream of the flowmeter; 

- inlet static pressure, P&. 

In the test enclosure, measure 

- atmospheric pressure, pa, at the mean fan altitude; 

- ambient temperature, t,, near fan duct inlet; 

- dry- and wet-bulb temperatures, td and tw. 

Determine the ambient air density, pa, and the gas constant of humid air, R, (see clause 12). 

34.2.3 General procedure for compressible fluid flow 

This procedure should be applied when both the reference Mach number Ma2ref (see 14.4.2) is more than Of15 and 
the pressure ratio is more than 1,02. 

34.2.3.1 Calculation of mass flowrate 

34.2.3.1.1 The mass flowrate is determined using 

-1 i ne flowrate is contra lled by a n adjustable screen loading [see figure 74 a) and 25.21, by the orifice plate [see 
74 b) and d)l, or by an auxiliary r fan with a control d evice [figure 74 c)]. 

inlet IS0 Venturi nozzle, see clause 22 and figure 74 a); 

quadrant inlet nozzle, see clause 24 and figure 74 a); 

conical inlet, see clause 25 and figure 74 a); 

inlet orifice with corner taps, see 26.10 and figure 74 b) and c); 

inlet orifice with wall tappings, see 26.11 and figure 74 c) and d); 

figure 
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0 7 - 

035ds. / t / 11 

Dimensions in millimetres 

r Fan 

I 

fl - --- 
AP Pe3 

Included angle 

a) Flowrate determination using Venturi nozzle, quadrant inlet nozzle, conical inlet 

03 I - 03 --D3 - 2D3 
Fan 

- - I- 
I I ml I I 

Pe3 

b) Flowrate determination using inlet orifice with corner taps 

PL5 
Fan 

PL3 r 

Pe3 

c) Flowrate determination using inlet orifice with wall tapplngs 

Figure 74 - Type C test installations (inlet-side test duct) 
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Dimensions in millimetres 

4,103 min. - r Fan 

................... ----- --.a- ................... ................... 

d) Flowrate determination using inlet orifice with wall tappings 

0,5D7 

-D~-~ /_ 3Dt 

Pe3 
Pe7 AP 

e) Flowrate determination using in-duct orifice with taps at D and 0,W or in-duct orifice with corner taps 

303 5,503 203’) Fa 
2- 

- I- 
In accordance with 30.3d) 

Pe3 APj 

I) This cylindrical airway section of length ZD3 may be replaced by a 
transition section in accordance with clause 30 when required to accommodate a 
change in area and/or shape. 

f) Flowrate determination using Pftot-static tube traverse 

n 

Figure 74 - Type C test installations (inlet-side test duct) (continued) 
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PL3 PLI 

lOD3 min. 4 a 
+0,25& 

8,583 0 L 1-3 - C 
+0,25& 

SD3 0 -s= 

IS0 5801:1997(E) 

Dimensions in millimetres 

PL2 

- Fan 

section 

Pe3 APj Pitot-static tube traverse 

g) Flowrate determination using Pltot-static tube traverse 

Figure 44 - Type C test installations (inlet-side test duct) (concluded) 

Assuming that 

Pe7 = 0 

P7=Pa 

07=Osg7=ta+273,15 

P7 
P7== 

The mass flowrate is given by the following expression: 

qrn 

where 

a is the flowrate coefficient function of the Reynolds number Red5 estimated by the following expression, in 
which the value of a is a mean value: 

Red5 = a&d5J2p7AP x l o6 
17,1+ O,048t, 

E is the expansibility coefficient. 

a, E or the compound coefficient, a& are determined in accordance with 223.2, 223.3, 24.4, 25.4, 26.10 a) and b), 
26.11 and figures 18, 22, 27, 28 and 26 after estimation of Reds. 

34.2.3.1.2 The mass flowrate is determined using an in-duct orifice with taps at D and D/2 or corner taps 
[see 26.7, 26.8 and figure 74 e)] 

Assuming that 

P7=Pe7+Pa 

0 "sg7=@pta+273,15 

V2 2 

-g- osg7 

1 

07 = osg7 = - P 2c p ( - 4m 1 A7P7 
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The mass flowrate is given by the following expression: 

qrn 

where 

E is the expansibility coefficient, a function of the ratio Ap/jp~, and the Reynolds number Reo7; 

ReD7 = a&m5~2P7AP x 1 o6 
17,1+ 0,048t7 

a is the flowrate coefficient varying with: 

07, p7 and qm being unknown, qm is determined by an iterative procedure taking 07 = Osg7 for the first 
approximation. 

Two or three iterations are sufficient for a calculation accuracy of 1 O-3. 

34.2.3.1.3 The mass flowrate is determined using a Pitot-static tube traverse [see clause 27 and figure 74 f) 
and @I 

Assuming that 

P3=Pe3 +Pa 

when the pressure pe3 is measured by the Pitot-static tube: 

1 n =- Pe3 n c Pe3j 
j=l 

0 “sg3 = ta + 273,15 

Apyt5 1 
2 

K--l 

P3 
ps=R,og 

The location of measuring pointsj is given in 27.4 and figure 30. 

The mass flowrate qm is given by the following expression (see 27.5): 

4m =am-- 

where 

E is the expansibility factor (see 27.5); 
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a is the correction factor or flow coefficient (see 27.6) depending upon the Reynolds number ReD3: 

ReD3 = 4qm 
7zD3(1 7,1+ 0,048 t3) 

x106 

a varies between 

0,990 + 0,002 for ReD3 = 3 X lo6 

0,990 - 0,004 for ReD3 = 3 x 104 

A first approximation of qm is obtained with a= 0,990 and corrected for the value of ReD3 (see 27.6). 

34.2.3.2 Determination of fan pressure 

34.2.3.2.1 Fan inlet pressure 

The two following cases should be considered: 

- there is no auxiliary fan between planes 5 and 3; 

- there is an auxiliary fan between planes 5 and 3. 

a) There is no auxiliary fan between planes 5 and 3. 

P3=Pe3+Pa 

@sg3 - -0sg5 = @sg7 - - @a = @sgl = ta + 273,15 

The Mach number Ma3 and the ratio 

0 -2 

@sg3 

are calculated in accordance with 14.4.3.1. 

03 
03 = %g3 0 

sg3 

P3 
P3=R,og 

The inlet stagnation pressure psgl is given by the following expression (see 14.6.1): 

Psgl = p3 + ; P3 vpibl3[1+(~3-1)3] 

= P3 + &[9k3p+(c3-1)3 I 

where 

(c3 _ 1)3 s 0 is the conventional coefficient calculated in accordance with 30.6.4, 30.6.5 and 30.6.6; 

FM~ is the Mach factor determined in accordance with 14.5.1. 

Pe3 is always negative. 

Pesgl = Pe3 + 
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b) There is an auxiliary fan between planes 5 and 3 [see figure 74 c)]. 

In this case, (L$ - 1)s < 0 is determined by test and is not defined by this International Standard. 

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

@sg3 
=osg7 + 4x Or43 =o, + Prx Or Pex =~sgl 

%?lcp qmcp 

In other cases, the temperature t3 should be measured and the quantity t3 + 273,15 assumed to be a stagnation 
temperature. 

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

The pressure p1 is determined after the caIcu!ation of the Mach number MSZJ and of the ratio 

in accordance with 14.4.3.2. 

The density p1 is calculated in accordance with 14.4.4 and the static pressure p1 is given by the following 
expression (see 14.5.2): 

1 
PI = Psgl -~i’~~;,FMl=Psgl 

Pel = Pesgl 

34.2.3.2.2 Fan outlet pressure 

The static pressure at fan outlet p2 is equal to the atmospheric pressure pa. 

P2=Pa 

The stagnation temperature at fan outlet esg2 is given by the following relation: 

0 “sg2 = 
If OrP, 

qg3+- 
qmCp 

The Mach number Ma2 and the ratio 
02 

osg2 

are determined in acco 
02 02=qg2- 

@g2 

rdance with 14.4.3.1. 

P2 Pa 
p2=jy-&=jy-&- 

and psg2 is given by the following expression (see 14.5.1): 
2 

FM2 

2 

FM2 

3423.23 Fan pressure 

The fan pressure PFC is given by the following expression: 
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PFC = kg2 - Psgl = pa + &(:I FM2-[P3++-(~~FM3~+(6&l)3ij 

The fan static pressure PsFC is given by the following expression: 

1 i (1 
2 

qm 
PsFC = P2 - Psgl = Pa - p3 + - - 

2P3 A3 

=-(pe3+b;(~~FM3~+(~3-~)3 1 

Pm 
PI + P2 =- 

2 

kP 
PI =- 
Pm 

34.2.3.3 Determination of volume flowrate 

The volume flowrate at stagnation inlet conditions is given by the following expression: 

Wsgl 
4m 4m 

=psgl= f Psgl \ 

34.2.3.4 Determination of fan air power 

34.2.3.4.1 Fan work per unit mass and fan air power 

According to 14.8.1, the fan work per unit mass yc and the fan static work per unit mass ysc are given by the 
following expressions: 

Yc 
= P2 - PI 

Pm 

V2 
+ m2 

V2 ml -- 
2 2 

_ Pe2 - Pel + 

Pm I($J-i(e) 

P2 - PI V2 

Ysc 
ml P2-PI I qm =--- =---- 

Pm 2 Pm ( 1 

L 

2 AIPI 

2 
- Pe2 - Pel I qm - 

Pm -2 AIPI ( 1 

The fan power P,c and the fan static power Pusc are given by the following expressions: 

hC=YC9m 

PusC=YsC 4m 
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34.2.3.4.2 Calculation of fan air power and compressibility coefficients 

In accordance with 14.8.2 

PuC = qvsgl PFC k, 

PusC = qvsgl PsFC k,s 

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

a) First method: 

k ps or kp = 
4&h 0 r 

log10[1+ zk(' - I)] 

where 

r=l+PFC 
Psgl 

for k, or 

,=l+psFc 
Psgl 

for k,, and 

zk 
K-l pr 

=- 
lc Wsgl PFC 

for k, or 

zk 
K-l pr 

=- 
K qvsgl PsFC 

for k,,. 

b) Second method: 

k,, or kp = 
In(l+x) Zp 

x In (I+ Zp) 

where 

x =r-I= a for k, 
Psgl 

or 

x = w for kps 
Psgl 

and 

zP 
K-l pr =- 

Ic Wsgl Psgl 
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34.2.3.5 Calculation of efficiencies 

In accordance with 14.8.1 and 14.8.2, the efficiencies are calculated using the following expressions: 

- Fan efficiency: 
P 

r7C r 
=uC 

pr 
- Fan static efficiency: 

P 
%rC 

= USC 
pr 

- Fan shaft efficiency: 
P 

r7C a 
=uC 

Pa 

- Fan static shaft efficiency: 
P 

77saC 
= USC 

Pa 

34.2.4 Simplified procedures 

34.2.4.1 Reference Mach number Ma2ref less than 0,15 and pressure ratio more than I,02 

At a section of the inlet test duct, the stagnation and static temperatures may be considered as equal: 

@)( = @sg)( =t,+273,15 

The Mach factors FMI and FM~ are equal to 1. 

34.2.4.1 .I Calculation of mass flowrate 

For corresponding setups, the procedures described in 34.2.3.1 are followed. 

For the procedure described in 34.2.3.1.2, there is no need for an iterative procedure to determine 07 because: 

07 = @g7 = t7 + 273,15 = ta + 273,15 

t7 being measured in the test duct: 

P7 P7 
p7 = R,O-l= Rw@tsg7 

In the same way, for 34.2.3.1.3: 

@=Osg3=t3+273,15 ta + 273,15 

However, in any case, the correction of aas a function of the Reynolds number should be applied. 

34.2.4.1.2 Calculation of fan pressure 

34.2.4.1.2.1 Fan inlet pressure 

Assuming that 

without auxiliary fan: 

07=03=01=Osgl=Oa=ta+273,15 

with auxiliary fan: 

03 = @sg3 = 01 = &,I =t3+273,15 

and (63 - 113 is determined by test. 
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P3 
P3 =- 

&iv@3 

In accordance with 14.9.1 

PSgl= P3 +yP3’m3 I 2 [1+(c3-1)3] 

- lzL 
1 

2 

=P3 + 
( I[ 2P3 A3 

1+(<3-1)3] 

or 

Pesgl = Pe3 + $-(~~p+(c3-1)3] 

wherepe3 and (< 3 _ 1)~ are negative [see 34.2.3.2.1 b)]. 

The pressure p1 may be determined by the following procedure: 

V2 I qm 
( 1 

2 

PI = Psgl - PI T = Psgl - - - 
2Pl AI 

where 

PI =..a-= PI 
Rw@l Rw@sgl 

A first value (pl)l is obtained with (P+~ = psgl 

( > Psgl 
p1 j=R,o1 

( > PI 
I 4mZ 

1 = Psgl - - 
l 1 

- 
2 (PI), Al 

Pel = PI - Pa 

Two or three calculation steps are sufficient for a calculation accuracy of 1 O-3 on pel. 

The pressure p1 may also be determined by the following expression: 
r I 1 

PI =;lpsgl + Jpzgl -2[~~Rw@sgl j 
Pel = PI - Pa 

PI =A?!- 
Rw@l 

34.2.4.1.2.2 Fan outlet pressure 

At the fan outlet, p2 =pa and the stagnation pressure psg2 may be determined by the following expression: 

1 2 I 4m2 
Psg2=P2+-P2vm2=P2+p - 

2 t 1 2P2 A2 

I 9mL =pa+- - 
( 1 2P2 f42 

1 4m2 
Pesg2 = x z 

( 1 
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P2 
P2 =- 

Rw@2 

02 = @sg2 = esgl + Pr 
qmCp 

34.2.4.1.2.3 Fan pressure 

The fan pressure PFC and the fan static pressure PsFC are given by: 

PFC = Psg2 - Psgl = Pa +- ~[~~-{p3+~[~~~+(~3-l)3] 

PsFC = P2 - kg1 = Pa - Psgl = - Pesgl 

Pm _ PI + P2 -- 
2 

k, PI =- 
Pm 

34.2.4.1.3 Determination of volume flowrate 

The volume flowrate at inlet stagnation conditions is given by the following expression: 

Wsgl =4m 
Psgl 

Psgl 
Psgl =- 

Rw%gl 

34.2.4.1.4 Calculation of fan air power 

The fan work per unit mass and the fan air power are determined in accordance with 14.8.1, 14.8.2 and also 
34.2.3.4. 

34.2.4.1.5 Calculation of efficiencies 

Fan efficiencies are determined in accordance with 34.2.3.5. 

34.2.4.2 Reference Mach number Ma2ref less than 0,15 and pressure ratio less than I,02 

01 = o,,l = 02 = @sg2 = 03 = @g3 

The temperature in the test duct may be measured and: 

FM1 =&=F~3=1 

k, = 1 

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

The mass flowrate is determined in accordance with 34.2.4.1 .I with pu = pa. 

34.2.4.2.2 Determination of fan pressure 

34.2.4.2.2.1 Fan inlet pressure 

Assuming that 

without an auxiliary fan 01 = Osgl = 02 = Bsg2 = 03 = Osg3 = ta + 273,15 

O3 = t, + 273,15 

When there is an auxiliary fan between planes 7 and 3, the temperature t3 in the test duct may be measured: 

01 = o,gl =@=@sg2=03=@sg3=t3+273,15 

P3=Pe3+Pa 

In accordance with 14.9 

PSgl = P3 + 7 p3'm3 I 2 [1+(c3-1)3] 

= P3 + &(~~p+(c3-1)3] 

Pesgl= Pe3 +$$J [1+(63-1)3] 

Pe3 and (63 - I)3 G 0 [see 34.2.3.2.1 b)] 

=p3= P3 
p3 Rw03 Rwesg3 

The pressure p1 is given by the following expression: 

I 4m 2 A3 2 
PI = Psgl - - - 

( I( i 

I 9m2 

2P3 A3 4 
= Psgl - - - 

l i 2P3 AI 

I 4m2 
Pel = Pesgl - - - 

( 1 2P3 Al 

34.2.4.2.2.2 Fan outlet pressure 

At the fan outlet 

P2=Pa 

and the stagnation pressure psg2 is given by 

1 I 4m2 

Psg2=Pa+?P3v&=Pa+- - 
( 1 2P3 A2 

I 4mL 

Pesg2 = G -&- 
( 1 
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The fan pressure PFC and the fan static pressure pSFC are given by the following expressions: 

PFC = Psg2 - Psg? = Pa + 

p$-C =P2 -Psgl =Pa -kg1 =-Pesgl 

=-{pe3++-(~~p+~c3-l~3 I} 

34.2.4.2.3 Determination of volume flowrate 

The volume flowrate in the inlet stagnation conditions is given by 

9vsgl 
4m =- 

Psgl 

Psgl 
Psgl =- 

R&g1 

34.2.4.2.4 Calculation of fan air power 

In accordance with 14.9.2.5 

hC = 4vsgl PFC 

&SC = qvsgl PsFC 

34.2.4.2.5 Calculation of fan efficiencies 

Efficiencies are determined in accordance with 14.8.1 and 34.2.3.5. 

34.2.5 Fan performances under test conditions 

Under test conditions, the fan performances are the following: 

- fan pressure, PFC 

- fan static pressure, PsFC 

- inlet volume flowrate, qvsgl 

- fan efficiency, qrc 

- fan static efficiency, qsrc 

34.3 Inlet-side test chambers 

34.3.1 Mass flowrate determination 

The mass flowrate is determined by 

- quadrant inlet nozzle, see clause 24 and figure 75 a); 

- Pitot-static tube traverse, see clause 27 and figure 75 b); 
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in-duct Venturi nozzle upstream of the chamber, see clause 23 and figure 75 c); 

multiple nozzles in chamber, see clause 23 and figure 75 d). 

Dimensions in millimetres 

PLS 

PL3 

r”llr~;~o~so~ . p;l ~~a” 

AP Variable supply 
system 

. 
I 

II 
I I 
I 

111 

Pe3 

a) Flowrate determination using quadrant Inlet nozzle 

Variable supply 
r system 

PLS 
I 

\ IO& min. 

\ 

4 
+0,2505 

8,505 0 

Settling means 
u 

Pe5 APj 
- 

P esg3 

Straightener Pitot-static tube traverse 

b) Flowrate determination using Pitot-static tube traverse 

Figure 75 - Type C test installations (inlet-side test chamber) 

--.I O,lD3 min. 
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Dimensions in millimetres 

Variable supply 
system 

1 
r Included angle suggested 

O.SD3 min. 
- 

PL7 
D? 20 020 

:?I I /I 

,-- Fan 

I) D-J = 1,9ds m n. 

4 
‘-j --- --- ----- 

1 A 

g’ 

P esg3 

\_. Straightener or 
smoothing means 

c) Flowrate determination using in-duct Venturi nozzle 

Variable supply 
system 

PL7 PLS 
I 

j2,Sds min. 

I 
O,lD3 min. 

/ / 
P esg3 

Settling means 

d) Flowrate determination using multiple nozzles in chamber 

Figure 75 -Type C test installations (inlet-side test chamber) (concluded) 

34.3.2 Measurements to be taken during tests (see clause 20) 

Measure 

- rotational speed, N, or rotational frequency, n; 

- power input, Pa, P, or Pe, and estimate impeller power (see 10.4) and the power input Pe, of an auxiliary fan; 

- flowmeter differential pressure, Ap; 

- pressure, pe7 or pe5, upstream of the flowmeter; 
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- chamber stagnation or static pressure Pe3 or Pesg3; 

- Chamber temperature, t3. 

In the test enclosure, measure 

- atmospheric pressure, pa, at the mean fan altitude; 

ambient temperature, ta, near the fan inlet; 

- dry- and wet-bulb temperatures, &-j and t,. 

Determine the ambient air density, pa, and the gas constant of humid air, I?,,,, (see clause 12). 

34.3.3 General procedure for compressible fluid flow 

This procedure should be applied when both the reference Mach number Mazref is more than 0,15 and the fan 
pres sure ratio is more t han 1,02. 

34.3.3.1 Determination of mass flowrate 

34.3.3.1.1 The mass flowrate is determined using a quadrant inlet nozzle, [see clause 24 and figure 75 a)]. It is 
controlled by an adjustable screen loading with an auxiliary fan. 

Assuming that 

Pe7 = 0 

P7 =Pa 

07= @q7= ta + 273,15 

P7 
P7 =- 

4AP7 

the mass flowrate is given by the following expression: 

4m 

is the flow coefficient function of the Reynolds 
which the value of a is a mean valu e eq ual to 1: 

number Red5 estimated by the following expression, in 

Red5 = aed5y/2p74 x l o6 
17,1+ 0,048 t7 

& is the expansibility coefficient; 

a and E are determined in accordance with 24.4 from the value of Red5 and of Ap. 

34.3.3.1.2 The mass flowrate is determined using a Pitot-static tube traverse [see clause 27 and figure 75 b)]. 

Assuming that 

1 Iz =--- Pe5 y2 c Pe5j 
j=l 

P5 = Pe5 + Pa 

0 “sg5 = t3 + 273,15 = 0, + Prx Or Pex 

4m cp 
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2 

K- 1 

05 = 995 
[P5ZPmJ K 

The location of the measuring points j is given in 27.4 and figure 30. 

The mass flowrate is given by the following expression (see 27.5): 

4m =am---- 

where 

& is the expansibility coefficient in accordance with 27.5; 

a is the correction factor or flow coefficient (see 27.6), depending upon the Reynolds number ReD5: 

4qm 
ReD5 = n4(17,1+0,048 t5) 

x106 

a varies between 

0,990 + 0,002 for ReD5 = 3 X 106 

and 

0,990 - 0,004 fOf- ReD5 = 3 X lo4 

A first approximation of qm is obtained with a= 0,990 and corrected for the value of ReD5 (see 27.6). 

34.3.3.1.3 The mass flowrate is determined using an in-duct Venturi nozzle, see clause 23 and figure 75 c). 

Assuming that 

P7=Pe7 +Pa 

0 msg7 =t3 + 273,15=Oa + Prx Or 43x 
4m cp 

07 = osg7 - - 1 [ - 4m 1 
2 

2cp A7P7 

The mass flowrate qm is given by the following expression: 

qrn 

where 

& is the expansibility coefficient calculated in accordance with 22.4.3 and table 6. 

a is the flowrate coefficient of the nozzle equal to 
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C is the discharge coefficient of the nozzle, a function of the throat Reynolds number Red5 (see 23.4.2 and 
table 5); 

a& is a kinetic energy coefficient equal to 1,043 for a duct approach and to 1 for a chamber approach; 

P = MD7 

Red5 = aEd5 &%- 1o6 
17,1+ 0,048t3 

For a first approximation: 

07 = @sg7 

The first approximation of qm obtained in these conditions allows calculation of new values of 07, p7, Reds, a and 
thus qm. 

Two or three calculation steps are sufficient for a calculation accuracy of 1 O-3. 

34.3.3.1.4 The mass flowrate is determined using multiple nozzles in chamber, see clause 23 and figure 75 d). 

Assuming that 

P7=Pe7+Pa 

0 ‘Sg7=*=@=Osg3=t3+273,15 

P7 
P7 =- 

&P-l 

P 
d5j o z-z 

07 

The mass flowrate is given by the following expression: 

n 

Ym =&n: 

c( 
5 

j=l 

2 
d5j 

4 
I 

& is the expansibility coefficient in accordance with 23.4.3 and table 6. 

Cj is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds number 
Red5j* 

p=OandCj=aj 

C’ = aj is calculated in accordance with 23.4 and table 5; 

is the number of nozzles. 

For each nozzle, the throat Reynolds number Red5 is estimated by the following expression: 

Red5j = IO6 
17,1+ 0,048 t7 

with Cj = 0,95 

After a first estimation of the mass flowrate, the discharge coefficients Cj are corrected. 
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34.3.3.2 Determination of fan pressure 

34.3.3.2.1 Fan inlet pressure 

Figure 75 a) to c) shows two types of chamber pressure measurements, where 

- the chamber pressurepe3 is a gauge pressure; 

- the chamber pressure Pesg3 is a gauge stagnation pressure. 

a) The chamber pressure is a gauge pressure pe3. 

Assuming that 

P3=Pe3+Pa 

0 “sgl =@J=Osg3=t3+273,15 

P3 
P3 Z----------- 

4tv@3 

The inlet stagnation pressure psg3 is given by the following expression: 

1 

( 1 

2 
qrn 

Pesg3 = Pe3 + - - 
2P3 A3 

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

In these conditions 

Psg3 = Pesg3 + Pa 

O3 = Osg3 = Osgl = t3 + 273,15 

there is no friction loss allowance for the inlet simulation duct of length 1 DI, or 201 and 

Psgl = Psg3 

Pesgl = Pesg3 

When an inlet simulation duct longer than ID1 or 201 is required, friction loss allowances may be taken into 
account. 

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

Psg3.1 = Psg3 

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

P31 
P3.1 = Psg3 L 

Psg3 

1 
Pesgl = Pesg3 + - 

2P3.1 
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where 

Ma3.1, ~3.1, F~3.1 are determined in accordance with 14.4.3.2, 14.4.4 and 14.5.2. 

((‘3 _ 1)~ s 0 is the conventional friction loss coefficient for the inlet simulation duct of diameter DJ and length L 
in accordance with 30.6. 

(r ) L 
3-l I= -A- 

Dl 

The static pressure p1 is determined by the following expression: 

or 

2 

FM1 

where Mal, PI, FMI are determined in accordance with 14.4.3.2, 14.4.4 and 14.5.2. 

34.3.3.2.2 Fan outlet pressure 

At the fan outlet 

P2=Pa 

0 
eOrPe 

"sg2 = @sg1+ - 
4mCp 

The Mach number Ma2 and the density p2 are determined in accordance with 14.4.3.1 and figure 5. 

P2 PU 
pz=R,o2=R,o, 

2 2 

FM2 

or 

Pesg2 

2 

FM2 

34.3.3.2.3 Fan pressure 

The fan pressure PFC and the fan static pressure PsFC are given by the following expressions: 

FM2 - kg1 

FM2 - Pesgl 

PsFC = P2 - PsgI = Pa - Psgl = Pesgl 

Pm Pl+P2 =- 
2 

kP 
Pl =- 

Pm 
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34.3.3.3 Determination of volume flowrate 

The volume flowrate under inlet stagnation conditions is given by the following expression: 

qvsg1 &lE- 
Psgl 

Psgl 
Psgl =a 

34.3.3.4 Determination of fan air power 

34.3.3.4.1 Fan work per unit mass and fan air power 

The fan work per unit mass yc and the fan static work per unit mass ysc are given by the following expressions: 

V2 = P2-PI )- m2 V2 
Yc Pm -y-T 

y!+pJ+‘k) 

P2 - PI V2 ml P2 - Pl I 4m 
2 

ysc’p,-l=--- - 
Pm t 1 2 4Pl 

_ Pe2 - Pel I 4m -- - - 
Pm ( 1 2 AIPI 

The corresponding fan air power Put and fan static air power P,,c are given by the following expressions: 

PUC=YC4m 

pMC=YSC 4m 

34.3.3.4.2 Calculation of fan air power and compressibility coefficient 

In accordance with 14.8.2 

PuC = qvsgl PFC k, 

hsC = qvsgl PsFC k,s 

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

a) First method: 

k,, or k, = Zklog1or 

log10[1+ 4& - I)] 

where 

r=l+PFC 
Psgl 

for k, or 

,=l+psFc 
Psgl 

for k,, and 
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zk 
K-l pr =- 

K Wsgl PFC 

for k, or 

zk 
K-l pr 

=- 
K qvsgl PsFC 

for k,,. 

b) Second method 

kps Or $3 
ln(l+ X) Zp 

=X ln(l+ I$) 

where 

x PFC =r-I=- 
Psgl 

or 

x _ PsFC -- 
Psgl 

and 

zP 
K-l pr =- 

Ic 4Vsgl Psgl 

34.3.3.5 Calculation of efficiencies 

In accordance with 14.8.1, the efficiencies are calculated using the following expressions: 

- Fan efficiency: 
P 

r7C 
=uC 

r 
pr 

- Fan static efficiency: 

. 

= USC P 
%rC 

4 

- Fan shaft efficiency: 
P 

r7C S 
=-L!L 

Pa 

- Fan shaft static efficiency: 
P 

%aC 
= USC 

Pa 

34.3.4 Simplified procedures 

34.3.4.1 Reference Mach number Ma2ref less than 0,15 and pressure ratio more than I,02 

34.3.4.1 .I Determination of flowrate 

0 “x = “sgx 0 

FMl =&=F&=l 
. 

The procedures described in 34.3.3.1 .I to 34.3.3.1.4 apply. 
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The temperature 07 in the test chamber may be measured and there is no need for an iterative procedure to 
calculate 07. 

In any case, the correction of a as a function of the Reynolds number should be applied. 

34.3.4.1.2 Determination of fan pressure 

34.3.4.1.2.1 Fan inlet pressure 

The absolute stagnation pressure in the chamber Pesg3 is measured 

0 ” sg3 = O3 = 0, = Osgl = t3 + 273,15 

Psg3 = Pesg3 + Pa 

or given by the following procedure: 

P3=Pe3+Pa 

Normally 

Psgl = Psg3 

Pesgl = Pesg3 

When friction loss allowances may be made, the pressure p3 1 at the inlet of the simulation duct is determined by . 
the following method: 

Assuming that 

03 = @sg3 = @sg, 

I 4m2 
P3.1 = Psg3 - - - 

2P3.1[ 1 Al 

For a first approximation (~3.41 = psg3 

1 

t 1 

2 

( ) P3.1 
qm 

1 = Psg3 - p - 
2(P3.1)1 AI 

( > P3.1 1 
P3.1 =- 

R,@3 

1 
2 

P3.1 = Psg3 - - ( - 4m 2P31 . 4 1 

Two or three calculation steps are sufficient; p3 1 may also be calculated by the following expression: . 
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