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Introduction
Thrs—trtermationat—Standard s the fesult _of amost hi
discussion, comparative testing and detailed analyses

specialists from the fan industry and research organizations tt
world.

It was demonstrated many years ago that thescodes for fan

testing established in different countries do-not always lead
results.

The need for an International Standard has been evident fd
and ISO/TC 117 started its work-fn’ 1963. Important progre
achieved over the years and although the International Stand
not yet published, the subsequent revisions of various natio
led to much better agreementamong them.

It has now become péssible to complete this International

rty years of
by leading
roughout the

performance
to the same

r some time
ss has been
ard itself was
nal standards

Standard by

agreement on certain, essential points. It must be borne in mind that the

test equipment,.éspecially for large fans, is very expensiv
necessary to include in the present International Standard

from variousinational codes in order to authorize their fut
explains thesheer volume of this document.

Essential features of the present standard are as follows:

ar Types of installation

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

These are:

Type A: free inlet and outlet;

Type B: free inlet and ducted outlet;

e and it was
any set-ups
re use. This

modifies its
llation types

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 ag

reement that

it is essential that all standardized test airways to be used with fans have
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portions in common adjacent to the fan inlet and/or outlet sufficient to
ensure consistent determination of fan pressure.

Geometric variations of these common segments are strictly limited.

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

1) For 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 ffans (outlet diameter exceeding 800 mm) it may be difficult to
carry out thp tests with standardized common airways at the outlet
including a sfraightener. In this case, by mutual agreement between the
parties concgrned, the fan performance may be measured using the set-
up described|in 30.2 f) with a duct of length 2D 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.

c) Calculatigns

Fan pressurd 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 compregsibility 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 fdr calculating the stagnation pressure and-the fluid or static
pressure in g reference section of the fan, which, stemmed from the work
of the ad hog group of Subcommittee 1 of ISO/FC\117, is given in annex C.

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

d) Flowrate|measurement
Determinatiqn of flowrated has been completely separated from the

determination of fan pressdre. A number of standardized methods may be
used.
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Industrial fans — Performance testing using standardized
airways

1 Scope

This Interpational Standard deals with the determination of the performance «ofirdustrial fans of 4

those des

Estimates
results for

2 Norn

The folloy

Internatiomal Standard. At the time of publication-the editions indicated were valid. All standards

revision,

possibility
registers d
ISO 3966:

ISO 51671
nozzles ar

ISO 5168:

ISO 5221
duct.

IEC 34-2:1

gned solely for air circulation e.g. ceiling fans and table fans.

of uncertainty of measurement are provided and rules for thé.conversion, within specifie
changes in speed, gas handled and, in the case of model tests, size are given.

native references

ving standards contain provisions which,‘through reference in this text, constitute prd

ind parties to agreements based-"\on” this International Standard are encouraged to
of applying the most recent editions’of the standards indicated below. Members of I1EC ar
f currently valid International_Standards.

1977, Measurement of fluid flow in closed conduits — Velocity area method using Pitot st.

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

—1), Measurement of fluid flow — Evaluation of uncertainties.

1984, Air distribution and air diffusion — Rules to methods of measuring air flowrate in

972 Rotating electrical machines — Part 2: Methods for determining losses and efficig

electrical

Il types except

d limits, of test

visions of this
are subject to
nvestigate the
d ISO maintain

htic tubes.

Orifice plates,

an air handling

ncy of rotating

hachinery 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.

IEC 51-3:1984, Direct acting indicating analogue electrical-measuring instruments and their accessories — Part 3:
Special requirements for wattmeters and varmeters.

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

1) Tobep

ublished. (Revision of ISO 5168:1978)
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3 Definitions

For the purposes of this International Standard, the definitions given in ISO 5168 and the following definitions
apply.

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.

3.2 faninlet area, A;: 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, A,: Surface plane bounded by the downstream extremity of the air-moving device,

Fan outlet arealis, 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 absolutetemperature, ©: Thermodynamic temperature.

O=t+27315

NOTE 2 In this [document, ©® represents the absolute temperature and ¢ the tempgtatdre in degrees Celsius.

3.6 specific gas constant, R:

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

P _ro
P

R=287J- kg'1 K for dry air.

3.7 isentropjc exponent, x:

For an ideal gap and an isentropic process(

P__ congtant

p
4

o}

k =14 for atmpspheric air.

3.8 specific heat capacity at constant pressure, c,:

For an ideal gals,
K
c, = R
P -1

3.9 specific heat capacity at constant volume, cy:

For an ideal gas,
1

k-1

Cy =

3.10 compressibility factor, Z:

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

=P
PRO

and Z is a function of the ratios p/p. and 6/©,

where

pcisth

e critical pressure of the gas;

O is the critical temperature of the gas.

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

The stagnation temperature is constant along an airway and, for an inlet duct, is equal to the'absplute ambient
temperaturg in the test enclosure.
3.12 static or fluid temperature at a point, ©: Absolute temperature registered by athérmal sensor moving at
the fluid velocity.
For a real ggs flow,
2
=04 - 21—
p
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, r4: Air temperature measured by a dry temperature sensor in the tgst enclosure,
near the fan inlet or airway inlet.
3.14 wet{bulb temperature, 1,: Air temperature(measured by a temperature sensor covered by a water-
moistened wick and exposed to air in motion.
When propgrly measured, it is a close approximation of the temperature of adiabatic saturation.
3.15 stagnation temperature at a_ section x, Osgx: Mean value, over time, of the stagnatior| temperature
averaged oyer the area of the specifiedvairway cross-section.
3.16 static or fluid temperature’ at a section x, ©,: Mean value, over time, of the static or fluig temperature

averaged o

er the area of the:spécified airway cross-section.

3.17 absglute pressure-at a point; absolute pressure, p: Pressure, measured with respect to

pressure, v

3.18 atm

hich is exerted at a point at rest relative to the air around it.

pspheric pressure, p,: Absolute pressure of the free atmosphere at the mean altitude of t

3.19 gau¢

point of measurement.

It may be n

Pe =P

egative or positive.

_.pa

absolute zero

he fan.

gepressure; 7 Vatteof-thepressure—wher—the—daturmpressurets—theatmosptericpressure at the

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

Psg =P

where Ma i

K

[t

s the Mach number at this point (see 3.23).

k-1
—Ma2
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3.21 Mach factor, F)y: Correction factor applied to the dynamic pressure at a point, given by the expression
Psg — P

Pd
The Mach factor may be calculated by

Fy=

2 _ 4 _ _ 6
FM=1+Ma +(2 K)Ma +(2 K‘)(3 2K)Ma .
4 24 192

3.22 dynamic pressure at a point, pq: Pressure calculated from the velocity v and the density p of the air at the
point.
V2

Pd'—‘P—z~

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

<

Ma = —

Jek.©

¢ is the|velocity of sound,
c= JrRW@

R, is the|gas constant of humid gas.

1
C

where

3.24 gauge|stagnation pressure at a point, pesg: Difference between the absolute stagnation presgure psg and
the atmosphgric pressure p;.

Pesg = P3g ~ Pa

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

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

3.26 average gauge pressure at a section x, p.,: Mean value, over time, of the gauge pressure averaged over
the area of thie specified airway crogsssection.

3.27 average absolute pressure at a section x, p,: Mean value, over time, of the absolute pressufe averaged
over the arealof the specified airway cross-section.

Px = Pex| t Pa

3.28 averagrf density at a section x, p,: Fluid density calculated from the absolute pressure p, and the static
temperature ©x:

__Px
Ry,
where R, is the gas constant of humid gas.

Px

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

m

dvx =
* Px
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3.30 average velocity at a section X, vy,,: Volume flowrate at the specified airway cross-section divided by the
cross-sectional area Ay.

_ 4vx
Ymx =
Ay

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.

v 1 2
—po-mx —_ | | 9m
Pdx = Px 2 " 2p, [Ax j
NOTE 5 The conventional dynamic pressure will be less than the average of the dynamic pressures across the section.

3.32 Magh number at a section x, Ma,: Average gas velocity divided by the velocity of séund 4t the specified
airway crogs-section.

May 3 v /KR, 6y

3.33 average stagnation pressure at a section x, Psgx: Sum of the conventigrial,dynamic pressur pgy corrected
by the Math factor coefficient Fy at the section and the average absolute presstre py:

Psgx F Px + PdxFmx

NOTE 6 The average stagnation pressure may be calculated by the expression
K
k-1 2 k-1
Psgx T Px (1"“2— May J

3.34 gayge stagnation pressure at a section x, Pesgx: Difference between the average stagnation pressure,
Psgx. at a gection and the atmospheric pressure, p,.

Pesgx|= Psgx — Pa

3.35 inlgt stagnation temperature, Osq1: Absolute temperature in the test enclosure near tha fan inlet at a
section where the gas velocity is less tham25 m-s-1.

In this casp the stagnation temperatuse may be considered as equal to the ambient temperature O,.

Osq1 F0, =1, +27315

3.36 stagnation density, psg:: Density calculated from the inlet stagnation pressure Psg1 and the |nlet stagnation
temperatufe Ogg1:

Psgi
Psg1 3 5 oo
o Rwesg1
3.37 inletstagnation-votume-flowrate, 7ysgr-viassfowratedivided by the et stagration dernsity.
dm
dvsgl =
d Psg1

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

PF = Psg2 ~ Psgi

When the Mach number is less than 0,15,
PF=PtF = P12 — P11

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, pgy: Average dynamic pressure at the fan outlet calculated from the mass flowrate,
the average gas density at the outlet and the fan outlet area.

2 2
pdzzpzﬁz_l_ Im
2 2pp\ A

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

PsF = Psq2 = Pd2 - Fm2 = Psg1 = P2 — Psg1

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

3.41 mean dLnsity, Pm: Arithmetic mean value of inlet and outlet densities.

= Ptip
2

m

3.42 mean stagnation density, pysq: Arithmetic mean value of inlet and outlet stagnatiofdensities.

Psg1 + Psg2

Pmsg = 5

3.43 fan worlk per unit mass, y: Increase in mechanical energy per unit mass of fluid passing through the fan.
2 2

P2— P / /
y=2—-+0u\2%2—05mﬂ

Pm 2
y may be calcujated as in 3.47, i.e.
The value obtajned 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, y:

P2 — 1 Vit
Yo =TT a1
Pm 2

NOTE 10 y, shpuld be referred £0'the installation type A, B, C or D.

3.45 fan prepsure ratio) r: Ratio of the average absolute stagnation pressure at the outlet section of affan to that
at its inlet secfion.

"=Psgz/ sgi

3.46 compressibility coefficient, k,: 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.

kg is given by the expression

Zy logyg r

P= |Og-|0[1 + Zk(r - 1)]
where



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

©1S0 ISO 5801:1997(E)

k-1 ) psg1PP
K dmPF

Z =
NOTE 11k, and pgg1/pmsg differ by less than 2 x 10-3.

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.

By = amy = dvsg - P - kp
NOTE 12 P, should be referred to the installation type A, B, C or D.

3.48 fan T, P s. CONVentional output power which 15 the product of the mass flowiate g,, by the
fan static wiork per unit mass or the product of the inlet volume flowrate, the compressibility coefficieht kps and the

fan static plessure psf ; kps is calculated using r = po/psgs .

Ris = qnYs = qvsg1 kps  PsF
NOTE 13 P{s 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 ghaft power, P,: Mechanical power supplied to the fan shaft.
3.51 mot¢r output power, P,: Shaft power output of the motor or Bther prime mover.
3.52 moter input power, P.: Electrical power supplied at the téfminals of an electric motor drive.
3.53 rotational speed of the impeller, N: Number of revelutions of the fan impeller per minute.

3.54 rotational frequency of the impeller, n: Numlser of revolutions of the fan impeller per unit tim

[

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

3.56 peripheral Mach number, Ma,: Dimensionless parameter equal to the ratio of tip speed to the velocity of
sound in th¢ gas at the stagnation conditions of fan inlet:

Ma, = u/,/KRW@Sm

3.57 fan impeller efficiency, ;. Fan air power divided by the impeller power P,.
PU
k

NOTE 14 nj} shall bevreferred to the installation type A, B, C or D.

3.58 fan impe

NOTE 15 1,5 should be referred to the installation type A, B, C or D.

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

16 Fan shaft power includes bearing losses, whilst fan impeller power does not.
17 n, should be referred to the installation type A, B, C or D.

3.60 fan motor shaft efficiency, 7, Fan air power P divided by the motor output power P.

NOTE 18 n, should be referred to the installation type A, B, C or D.
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3.61 overall efficiency, 71.: Fan air power divided by the motor input power for the fan and motor combination.
NOTE 19 7, 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.

k= 2P
.
p1t+p2
3.63 kinetic energy factor at a section x, oy, Dimensionless coefficient equal to the time-averaged flux of

kinetic energy through the considered area Ay divided by the kinetic energy corresponding to the mean air velocity
through this area.

Ml

2
ImVmx

where

v is thellocal absolute velocity, in metres per second;
vy is thellocal velocity normal to the cross-section.

NOTE 20 By gonvention a4 =1and ayp = 1.

3.64 kineti¢ index at a section x, iy, Dimensionless coefficient equal to the ratio of the kinetic endrgy per unit
mass at the gection x and the fan work per unit mass.
/2

ikx ~mx

2y
3.65 Reynglds number at a section x, Rep,: 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 seale length (duct diameter, blade chord) divided by fhe dynamic
viscosity.

Rep, =_mex — 4q,n

Vy TuD,

3.66 friction loss coefficient, (§x_y)y: Dimensionless coefficient for friction losses between sections x and y
of a duct, caltulated for the velogity;ahd density at section vy.

For incomprgssible flow

N[

Apyy = Py"nzqy (Cx—y)y

4 Symbols and units

4.1 Symbols

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

A - o

Represented quantity
Area of the conduit at section x
Hole diameter of wall pressure tappings
Width of the rectangular section of a duct

Discharge coefficient
Velocity of sound

¢ =4/kR,,06y
Specific heat at constant pressure
Specific heat at constant volume
Diameter of orifice or nozzle throat

ISO 5801:1997(E)

Sl unit

m2

J-kg k!
J-kg™ K™

X T o~
S

S

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

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 acceleration
Height of the rectangular section of a duct
Relative humidity p,/psat
Kinetic index at section x

2
Vinx

By =

kx 2y
Resulting coefficient used in the ¢onversion of test results
Fan density ratio

Pt p2

Compressibility coefficient for the calculation of fan air power P,
Compressibility coefficient for the calculation of fan static air power
Mach nuniber

Mach.number at section x

Referenhce Mach number at section x at inlet stagnation conditions
Peéripheral Mach number of impeller

Area ratio of an orifice plate (d/D)2

Rotational frequency of impeller

Rotational speed of impeller

mm

r-min~

Pesg
Pesgx
Pd
Px

Psgx

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

Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
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Symbol
Padx
Psat

DPv
PF
PsF
Pd2

qvsgl

Isgx

Represented quantity
Conventional dynamic pressure at section x
Saturation vapour pressure
Partial pressure of water vapour
Fan pressure (pr = psg2 — Psg1)
Fan static pressure (psr = p2 = Psg1)
Fan dynamic pressure

0
Mean absolute pressure downstream of an in-line flowmeter

Mechanical power supplied to the fan shaft

Sl unit

Pa
Pa

o
oY)

Motor input power

Power available at the output shaft of the drive
Mechanical power supplied to the impeller of the fan
Fan air power

Fan static power

Mass flowrate

Volume fiowrate

Volume flowrate at stagnation conditions upstream of the fan inlet corresponding

to standard conditions of use
Volume flowrate at section x
Pressure ratio

Pressure ratio for a flowmeter ry = pus/p,

u

A
e for a flowmeter
Pdo

Gas constant of dry air or gas

Gas constant of humid air or gas
Reynolds number at section x
Ambient temperature

Barometer temperature

Dry-bulb thermometef temperature
Wet-bulb thermorQeter temperature
Static tempegature at section x
Stagnation téMperature at section x
Peripheral velocity of impeller, or tip speed
Relative uncertainty of x

Absolute uncertainty of x

Velocity of gas at a point

— e e B )
SSS=S=J3J 4350

3
C
w un o

© iSO

JkgrK!
J-kgr k!

Average velocity of the gas at section x
Fan work per unit mass
Fan static work per unit mass
Compressibility factor in equation of state
S
PRy, O
Z =1 for an ideal gas

Coefficient used for the calculation of the compressibility factor &,

(first method)

Coefficient used for the calculation of the compressibility factor k,

(second method)
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Symbol Represented quantity Sl unit
2 Mean altitude of section x m
a Flowrate coefficient of an in-line flowmeter —

Oax Coefficient of kinetic energy of flow in the section x of area A,: —
oy is assumed equal to 1
B Ratio of the internal diameter of an orifice or nozzle to the upstream diameter of —
the duct d/D
B Ratio of the internal diameter of an orifice or nozzle to the downstream diameter —
of the duct
Ap Differential pressure Pa
Az Difference in altitude between the barometer and the mean altitude of the fan m
£ Expansibility factor —_
( x—vy Jv Conventional energy loss coefficient between sections x and y calculated for —_
sectiony
n Efficiency —
Ns Static efficiency —
Na Fan shaft efficiency —
P
Na = 7’:
Me Overall efficiency —
Ne = %
e
Mo Fan motor shaft efficiency —
_k
Mo = ?o
n Fan efficiency —
R
Nsr Fan static efficiency —
Nsr = f:?—s
Osgx Stagnation temperature at section x K
N Fluid température at section x K
0, Ambient temperature K
o, Temperature upstream of an in-line flowmeter K
K Isentropic exponent K = cp/cv for an ideal gas —
A Fan power coefficient _
A Specific friction loss coefficient for a length of one diameter of a straight duct —
u Dynamic viscosity Pa-s
p Density of gas kg-m™
Dx Mean density of gas at section x kglm‘3
Pm Mean density of gas in the fan kg-m™
) Flow coefficient —
b= dm
merZ”
v Fan work per unit mass coefficient —

Y
VY=
u2

1
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w Angular velocity rad-s™
14 Kinematic viscosity . m.s~!

4.2 Subscripts

1 Test fan inlet

2 Test fan outlet

3 Pressure measurement section in an inlet-side airway

4 Pressure measurement section in an outlet-side airway

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

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

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

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

a Ambient atmosphere in the test enclosure

b Barometer

C Centreppint of the test section

do Downstfeam of a flow-measurement device

F Fan

Gu  Guaranteed relative to the characteristics specified in the contract

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

s Static c¢nditions

sat  Saturatipn conditions

sg  Stagnatfon conditions

Te Tested felative to the characteristics specified in the contract

u Reference air conditions upstream of a flow-measurement device

x-y  Airway length from plane x to plane y

5 Genera

The upper limit of fan work per unit mass is 25000 J-kg-! corresponding to an increase in fgn pressure

approximately equal to 30 000 Pa for a mean densit{_in the fan of 1,2 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 fouf types of installation:

— type A: free inlet, free outlet;

— type B: frge inlet, ducted outlet,

— type C: ddcted inlet; free outlet,

— type D: diicted inlet, ducted outlet,

to which corré cpr\nﬁl four porfnrmanm:: characteristics-

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

Although the downstream flow generally cannot act on the flow through the impeller, the losses in the

downstream

duct may be modified by the fluid flow at the fan outlet.

Methods of measurement and calculation for the 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 purposes of this International Standard, calculations are made using absolute pressures and

temperatures

12

but equivalent expressions using gauge pressures are provided.
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It is conventionally agreed that:

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

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

When the test installation is intended to simulate an on-site installation corresponding to 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 f
standardizé¢
between t

the tests with
hal agreement

d common airways at the outlet side including straighteners. In this case, by pjut

duct of len
using com

By conven

he parties concerned, the fan performance may be measured using the set-up described i
Oth 2D on the outlet side. Results obtained in this way may differ to some extent from tho
non airways on both the inlet and outlet side, especially if the fan produces a large swirl.

lion the kinetic energy factors a1, @47 at fan inlet and fan outlet are considered equal to o

n 30.2 f) with a
se obtained by

6 Instruments for pressure measurement
6.1 Bargmeters
The atmospheric pressure in the test enclosure shall be determified at the mean altitude between the centre of fan
inlet and qutlet sections with an uncertainty not exceeding“t 0,2 %. Barometers of the direct-reading mercury
column type should be read to the nearest 100 Pa (1 millibaf) or to the nearest 1 mm of mercury. They should be
calibrated gnd corrections applied to the readings for any.difference in mercury density from standafd, 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 £ 0,01 m-s—4) and for room
temperatufe (within £ 5 °C).
Barometerss of the aneroid or pressure«transducer type may be used provided they have a calibratpd accuracy of
+ 200 Pa apd the calibration is checked at the time of test.
The barometer should be located'jin the test enclosure at the mean altitude between fan inlet anfi fan outlet. A
correction pag(zb - zm) in Pa-sheuld be added for any difference in altitude exceeding 10 m,
where

Zp  ig|the altitude'at barometer reservoir or at barometer transducer;

Zm is|the mean altitude between fan inlet and fan outlet;

g is|th@local value of acceleration due to gravity;

Pa is the ambient air density.

6.2 Manometers

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

The significant pressure should be taken as the fan stagnation pressure at rated duty or the pressure difference

when measuring rated volume flow according to the manometer function. Rated duty will normally be near the
point of best efficiency on the fan characteristic curve.

13
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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 should be carried out at a series of steady pressures, in both rising and falling sequences to check for
any difference.

The reference instrument should be a precision manometer or micromanometer capable of being read to an

accuracy of +

0,25 % or 0,5 Pa, whichever is greater.

6.3 Damping of manometers

Rapid fluctuations of manometer readings should be limited by damping so that it is possible to estimate the

average readi

manometer of

resistance to

indication of g
average withir

g within + 1 % of the significant pressure The damping may be in the air connections le

movement in either direction. The damping should not be so heavy that it prevents

q

* 1 % of the significant pressure.

6.4 Checking of manometers

Liquid column|

pressure. Inc

disturbed. Thd

disturbing the

6.5 Positio

The altitude o
pressure mea

ined tube instruments should be frequently checked for level “and rechecked for ¢

instrument.

h of manometers

zero level of manometers or of pressure transducers should be the mean altitude of the
surement (see figure 1).

in the liquid circuit of the instrument. It should be linear, and of a type which ehs

lower changes. If these occur a sufficient number of readings should be taken\to de

manometers should be checked in their test location to confirm théir calibration near thd

zero reading of all manometers shall be checked before and-after each series of readin

ding to the
ures equal
the proper
termine an

significant
libration if
gs without

section for

7 Determination of average pressure in'an airway

7.1 Methodls of measurement

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

To determing| the average stati© pressure in this plane, the other side of the manometer shall be dpen to the
atmospheric gressure in thejtest enclosure.

To determing| the pressure difference between planes of pressure measurement on opposite sides [of the fan,

either or both
recommende

7.2 Use of

sides ‘©f'the manometer may be connected between sets of four tapping connections 3
1 in7 4.

rranged as

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.

14
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Figure 1 — Tapping connections to obtain average static pressure@nd 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. Additionai iimits are specified in clauses 22 to 26 for tie tappings used in fiow measurement devices. it is
essential that the hole be carefully produced so that the borg 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 maxinjum of 0,1a is
permissiblg.

The bore dipmeter a shall be not less than 1,5 mm;lnot greater than 5 mm and not greater than 0,1 D.

Special carg is required when the velocity in the airway is comparable with that at the fan inlet and ojutlet. In these
cases the tapping should be situated in aysection of the airway that is free from joints or other irregularities for a
distance of| 1D 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 Posifion and connections

In the case|of a cylindrical airway the four tappings should be equally spaced around the circumferenge. In the case
of a rectangular airwaysthiey should be at the centres of the four sides. Four similar tappings may be donnected to a
single manpmeter. They should be connected as shown in figure 1.

7.5 Chedks 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 pey < 1 000 Pa or 2% for 1 000 Pa < pey < 30 000 Pa, pey 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.

15
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7.6 Use of

At the approf

equally and s

or, in the cag

flow conditio

Alternatively,
together to g

8.1 Thermiometers

Instruments

© SO
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Figure 2 — Construction of wall'pressure tappings
Pitot-static tube
riate pressure measurement plane in a'eircular airway, a minimum of four points should e selected,
mmetrically spaced around the axis \at-approximately one-eighth of the airway diameter from the wall
e of a rectangular airway, one-ejghth of the duct width from the centre of each wall. Under steady
NS, a static pressure reading should be taken at each point and the average calculated.
if desired, the static préssure connections of four separate Pitot-static tubes may bd connected
ve a single average reading in the manner described in 7.4 and figure 1.
8 Measunement of temperature
o the measurement of temperature shall have an accuracy of + 0,5 °C after the application of any
reetion

calibration co

8.2 Therm

ometer 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 m-s-1, the difference between stagnation and static temperatures is 0,31 °C; at
35 m-s~1, the same difference is 0,61 °C (for a static temperature of 293,15 K).

If the measurement is taken in a section where the air velocity is less than 25 m-s~1, the measured temperature is
assumed equal to both stagnation and static temperatures.

16
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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 m-s=1 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-bujoand-wetrbutb temperatures N the Test enclosure Should be measured at a point wherg they can record
the conditipn of the air entering the test airway. The instruments should be shielded against radiation from heated
surfaces.

The wet-bylb thermometer should be located in an air stream of velocity at least 3 m- sy The sleeying should be
clean, in gqod contact with the bulb, and kept wetted with pure water.

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

9 Measurement of rotational speed

9.1 Fan ghaft speed
The fan shaft speed shall be measured at regular intervals threighout the period of test for each test [point, so as to
ensure thel determination of average rotational speed during. each such period with an uncertainty jnot exceeding
+0,5 %.

No device psed should significantly affect the rotational speed of the fan under test or its performanc

(L)

9.2 Examples of acceptable methods
9.2.1 Digital counter measuring revolutions for a given time interval

The numbagr of impulses counted shall be not less than 1 000 during the measured time interval. Thd timing device
shall be acfuated automaticallyby-the starting and stopping of the counter, and shall not be in error by more than
0,25 % of the time needed te sount the total number of impulses.

9.2.2 Revplution counter

The revolufion countep 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 ship and calibrated before and atter 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 * 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 Reactipn dynamometer

The torque is rheasured by means of a cradle or torque-table type dynamometer. Thé-weights shall have certified
accuracies of 40,2 %. The length of the torque arm shall be determined to an accufacy of +0,2 %.

The zero-torquI;equilibrium (tare) shall be checked before and after each test~Fhe difference shall be within 0,5 %
of the maximufn value measured during the test.

10.2.2 Torsionh meter

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

The zero-torqup 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 Sumnjation of losses

The power oufput of an electric moter for direct drive is deduced from its electrical power input by the gummation
of losses method specified in IEC\3422. For this purpose, measurements of voltage, current, speed and, in the case
of a.c. motors,|power input anekslip of induction motors shall be made for each test point and the no-loagl losses of
the motor whgn uncoupled{fom the fan shall be measured.

10.3.2 Calibrated motor

The power oufput of an electric motor for direct drive is determined from an efficiency calibration acdeptable to
both manufacjurer and purchaser. The motor should be run on charge for a time sufficient to ensurg that it is
running at its normal working temperature. 1he electrical supply should be within the statatory fmits, 1.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) for a.c. motors, by the two-wattmeter method or by an integrating wattmeter;

b) 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 |[EC 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 wi
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working con|
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11.1 Flow

The dimens
specified in
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11.2.1 Spe
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11.3 Dete
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ons of nozzles, orifices and airways used for flow meastrement shall conform to th
he appropriate subclauses covering their use.

rance on dimensions

cified airway component lengths shall be méasured after manufacture and shall cor

s of the test method within a tolerance of jo %, except where otherwise stated.

cified airway component diameters\shall be measured after manufacture and shall co
s of the test method within a tolerance of = 1 % except where otherwise stated.

rmination of cross-sectional area
ensional measurements

mensional measureéments shall be taken across the reference planes of airways to detd
as within + 0.3-% in standardized airways and other well-defined regular sections.

ular sections

sections, the mean diameter of the section is taken as being equal to the arithmetic

measured Vv

bluBs on at least three diameters of the measuring section. The diameters shall be so p

th standardized airways, the interposition of a transmission system between the fan and

ditions can be reliably determined, or the specified power input is required to include those

the point of
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they are at equal angles within the cross-section.

If the difference in linear measurement between two adjacent diameters is more than 1 %, the number of

measured d

D?
n_
4

iameters 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

measureme

nts 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 density of the ambient air in the test enclosure is given by the following expression:

Ppa —0,378p,
Pa = E
2870,

where
O, is the|absolute ambient temperature, in kelvins.
O, 1, +27315
whefe t, = 14 (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;

R, — R
RV

0,378 =

with Ry 461 which is the gas constant of water vapour;

The gas constant of humid air, Ry, is then given by
A

R, =t _ 287

PaPa 1_0378 v
Pa

NOTE 22 For|standard air:
Py =12k( -m3
0,=29315K
pa=101825Pa

hy, =0,40

R, =288Jkg K

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

12.2 Determination of vapour pressure

The partial vapour pressure p,, 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 'Aw(td - "w)(’|+ 000115 tw)
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where

g ist

¢
tw

w

ISO 5801:1997(E)

he dry-bulb temperature, in degrees Celsius;
he wet-bulb temperature, in degrees Celsius;

Aw = 66x 1074 °C 'when t, is between 0 °C and 150 °C:

Aw = 594%107* °C'when ty is less than 0 °C;

(Psatlw is the pressure of saturated vapour at the wet-bulb temperature 1.

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

Psat May b

Psat =

or, betweg

D

Fsat
The air relg
pv=nh

where (pg,

with t4 instlead of 1.

12.3 Det

The follow
seconds:

p=(1

The kinem
u

v=—
p

b obtained from the following expression, between 0 °C and 30 °C:

/
exp L

n 0 °C and 100 °C:

\

174381y 641 47J

239,78 + 1,

e~ 14 + 2891660

= WY " ,

610,8 +44,442 1, + 1413312, + 00276813, + 2556 67

tive humidity, A, can also be directly measured in order to obtaifi
i (Psat)d

) is the saturation vapour pressure at the dry-bulb temperature tq calculated using the

ermination of air viscosity

ing formula can be used in the range’= 20 °C to + 100 °C to obtain the dynamic viscd

7,1+ 00481, ) x 107

htic viscosity v is given bythe following expression:

above formula

sity, in pascal
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Table 1 — Saturation vapour pressure pg,: of water as a function of wet-bulb temperature ¢,
Wet-bulb Saturation vapour pressure ps,; of water (above water)
temperature hPa
ZV(V: 0,0 0,1 0,2 0,3 0,4 0,5 0.6 0,7 0.8 0.9
-4 4,56 4,51 4,48 4,44 4,41 4,37 4,35 4,31 4,28 4,24
-3 4,89 4,87 4,83 4,79 4,76 4,72 4,68 4,65 4,61 4,59
-2 5,28 5,24 5,20 5,16 5,12 5,08 5,04 5,01 4,97 4,93
-1 5,68 5,64 5,60 5,56 5,62 5,47 5,44 5,39 5,36 5,32
-0 6,11 6,07 6,03 5,97 5,93 5,89 5,84 5,80 5,76 5,72
0 6,11 6,16 6,19 6.24 6,29 6,33 6,37 6,43 6;47 6,52
1 6,56 6,61 6,67 6,71 6,76 6,80 6,85 6,91 6,96 7,00
2 7,05 7.11 7.16 7,21 7,25 7.31 7,36 7,41 7,47 7,52
3 7,57 7,63 7.68 7.73 7.79 7.85 7.91 796 8,01 8,08
4 8,13 8,19 8,24 8,31 8,36 8,43 8,48 8,53 8,60 8,65
5 8,72 8,79 8,84 8,51 8,96 3,03 5,69 9,16 9,21 9,28
6 9,35 9,41 9,48 9,63 9,61 9,68 9,75 9,81 9,88 9,95
7 10,01 10,08 10,15 10,23 10,29 10,36 10,43 10,51 10,57 10,65
8 10,72 10,80 10,87 10,95 11,01 11,09 11,17 11,24 11,32 11,40
9 11,48 11,55 11,63 1,71 11,79 1,87 11,95 12,03 12,11 12,19
10 12,27 12,36 12,44 12,52 12,61 12,69 12,77 12,87 12,95 13,04
11 13,12 13,21 13,29 13,39 13,47 13,56 13,65 13,75 13,84 13,93
12 14,01 14,11 14,20 14,29 14,39 14,48 14,59 14,68 14,77 14,87
13 14,97 15,07 15,17 15,27 15,36 15,47 15,57 15,67 15,77 15,88
14 15,97 16,08 16,19 16029 16,40 16,51 16,61 16,72 16,83 16,93
15 17,04 17,16 17,27 17,37 17,49 17,60 17,72 17,83 17,96 18,05
16 18,17 18,29 18,41 18,52 18,64 18,76 18,88 19,00 19,12 19,25
17 19,37 19,49 19,61 19,73 19,87 19,99 20,12 20,24 20,37 20,51
18 20,63 20,76 20,89 21,03 21,16 21,29 21,43 21,56 21,69 21,83
19 21,96 224 22,24 22,39 22,52 22,67 22,80 22,95 23,09 23,23
20 23,37 23,52 23,67 23,81 23,96 24,11 24,25 2441 24,56 24,71
21 24,87 25,01 25,17 25,32 25,48 25,64 25,80 25,95 26,11 26,27
22 26,43 26,60 26,76 26,92 27,08 27,25 27,41 27,59 27,75 27,92
23 28,09 28,25 28,43 28,60 28,77 28,95 29,12 29,31 29,48 29,65
24 29,84 30,01 30,19 30,37 30,56 30,75 30,92 31,11 31,29 31,48
25 31,68 31,87 32,05 32,24 32,44 32,63 32,83 33,01 33,21 33,41
26 33,61 33,81 34,01 34,21 34,41 34,61 34,83 35,03 35,24 35,44
27 35,65 35,87 36,08 36,28 36,49 36,71 36,93 37,15 37,36 37.57
28 37,80 38,03 38,24 38,47 38,69 38,92 39,15 39,37 39,60 39,83
29 40,05 40,29 40,52 40,76 41,00 41,23 41,47 41,71 41,95 42,19
30 42,43 42,68 42,92 43,17 43,41 43,67 43,92 44,17 44,43 44,68
31 44,93 45,19 45,44 45,71 45,96 46,23 46,49 46,75 47,01 47,28
32 47,56 47,83 48,09 48,37 48,64 48,92 49,19 49,47 49,75 50,03
33 50,31 50,60 50,88 51,16 51,45 51,73 52,03 52,32 52,61 52,91
34 53,20 53,561 53,80 54,11 54,40 54,71 55,01 55,32 55,63 55,93
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Table 1 — (end)

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

tV(V: 0.0 0.1 0.2 03 0.4 05 06 0.7 0.8 0.9

35 56,24 56,55 56,87 57,17 57,49 57,81 58,13 58,45 58,77 59,11
36 59,43 59,76 60,08 60,41 60,75 61,08 61,41 61,75 62,08 62,43
37 62,77 63,11 63,45 63,80 64,15 64,49 64,85 65,20 65,56 65,91
38 66,27 66,63 66,99 67,35 67,72 68,08 68,45 68,83 69,19 69,56
39 69,95 70,32 70,69 71,07 71,45 71,84 72,23 72,61 73,00 73,39
40 73,79 74,17 74,57 74,97 75,37 75,77 76,17 76,59 76,99 77.40
1 77,81 78,23 78,64 79,05 79,47 79,89 80,32 80,73 81,16 81,59
42 82,03 82,45 82,89 83,32 83,76 84,20 84,64 85,08 85,53 85,97
43 86,43 86,88 87,33 87,79 88,25 88,71 89,17 89,64 90,01 90,57
44 91,04 91,62 91,99 92,47 92,95 93,43 93,91 94,40 94,88 95,37
45 95,87 96,36 96,85 97,35 97,85 98,36 9885 99,36 99,88 100,39
46 100,89 101,41 101,93 102,45 102,97 103,51 , 104,04 104,57 10509 105,63
47 106,17 106,71 107,25 107,79 108,33  108,89~4109,44 109,99 110,65 111,11
48 111,67 112,23 11280 113,37 113,93 11461 115,08 11565 116,24 116,83
49 117,41 118,00 11859 119,17 119,79 320,37 120,99 121,57 122,19 122,80

13 Determination of flowrate

13.1 Ger

The measd
measurem

This Intern
pUrposes, 3

The flow s
of test.

Two basic
flowmeter
13.2 In-l

13.21 Th
nozzle.

eral

rement of flowrate may be carried outin accordance with 1SO 5167-1 and 3966, and
bnt obtained in this way will conform tothe requirements of this International Standard.

ational Standard specifies different flow-metering methods which are appropriate fq
nd in each case the associated.uncertainty of measurement is given.

nall be effectively swirl-freg, Brovisions to ensure that this condition is met are included ir

flow-metering metheds are permissible under these relaxed conditions: i.e. the use
Or a traversing method.

ne flowmeters (standard primary devices)

any flowrate

r fan testing

the methods

of an in-line

e flowmeters which may be used are the Venturi nozzle, the orifice plate, the conical inlet and the inlet

The first tv

oTay beusetatthe et toorouttetfromramarway as wettas tetweer 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 ISO 5167-1.

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

follows:

m

where

2
_aend o

gm 1s 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;

o is the flow coefficient;

€ is the expansibility factor.
Py
R\O,
Normally, ©, should be the fluid temperature upstream of the flowmeter.

pU=

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

2 P or P
O, = @ngj _ ‘21m — + X ex
2Au pucp ImCp

where

Py or Pg,) is the power provided by any auxiliary fan;
A, is the prea of the duct upstream the flowmeter;
Ay = e fgr an inlet orifice or an inlet nozzle.

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

2
B or P
@u=@sgi+ r e _ qm

G 2AZpic,
The value of ¢,, is obtained by an iterative procedure.

For a given dgvice, €is a function of the pressure ratio and «a ista function of the Reynolds number. Valugs for these
coefficients afe given in clauses 22 to 26, tables 5 and 6, anddigures 18, 22 and 24 to 28.

13.2.3 The pressure difference across an in-line flowmeter shall be measured with an uncertainty nof exceeding
1,4 % of the observed value.

13.2.4 The Yalues for the uncertainties of the‘flow coefficient associated with each flow metering ¢lement are
given in clauses 22 to 26. It shall alwaystbe possible to reduce the uncertainties associated with any in-line
flowmeter installation different from those\defined in ISO 5167-1 by calibrating the installation against gn improved
or calibrated $tandard device in accordance with ISO 5167-1.

13.2.5 In ordler to facilitate the selgction of type and size of flowmeter, the losses associated with egch type are
given in figurg 3. Approximate values for the pressure difference (expressed as a multiple of the dynanpic pressure
in the down-gtream airway)-which will be registered across each device are also shown.

13.2.6 The pMenturi nozZle has a relatively low pressure loss and a lower sensitivity to disturbapces in the
approaching fpirflows-Ethe orifice plate, in particular, incurs higher pressure losses and an auxiliary bopster fan is
required if thF fap characteristic is to be extended to maximum volume flow. For tests at one or more pfeset points

on a fan charpeteristic, an orifice plate can, simultaneously with the flow measurement, control the prgssure 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 ISO 3966 [see figure 29 a), b), ¢) and
d)] shall be used.
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————— Pressure difference

1000
v\
AN
\ \\ s S
\ \
100 \ \
\
\
\
— Orifice plate
10 \

Conical intet

Venturi nozzle 4/

Stagnation pressure loss or pressure difference|relative to downstream dynamic pressure

0.1

N
NOTE - Both urits’with 15°
inc. angle diffuser.
0,01
0 0,2 0.4 0,6 0.8 1

Ratio of throat diameter to downstream duct diameter, fA'=0/0

Figure 3,—/Pressure loss and pressure difference of standard primary systems

14 Cal¢[ulation of test results

14.1 Ge 1

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 Units

The units throughout these calculations shall be the S| units given in clause 4. The results will then also be in these
units, viz. pressure in pascals (Pa); power in watts (W); volume flow in cubic metres per second (m3-s-1).
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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 Oggy rather than the fluid temperature or static temperature 6y, which is slightly lower at high
velocities.

The static temperature @y 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 Osgy in all sections upstream of the fan
tested shall be considered constant and equal to the ambient temperature at the test site, O;:

Osq1 = O3 = 6,
except when ah auxiliary fan is used upstream of a test chamber or test airway.

14.3.3 The stagnation temperature at the fan outlet O54p and in the downstream airways is.gqual to the [stagnation
temperature at the fan inlet, increased by the temperature rise through the fan which 7s dependent upon the
impeller power P, the mass flow g,, and the heat capacity of air at constant pressure g

+Pr or P,

@sgz = @sg 1
dmCp

= @sg4

NOTES
23 In the abovg expression, c, can be taken as 1 008 J-kg-1-K-1 as a first approximation for air.
24 P, should b¢ replaced by the electric input power P, when the motor isiwholly immersed in the airstream.

14.3.4 When[the above conditions do not apply, for instancedif the impeller power is not measured, the|stagnation
temperature shall be measured by a measuring device (e.gs thermometer) inserted into the airway in gccordance

with 8.2 at a doint where the velocity does not exceedx35 m-s-1 provided this is reasonably close to the relevant
section.

14.3.5 The fllid temperature at section x, 6, is‘less than the stagnation measured or derived temperafure at that
section. It is expressed in terms of the Mach ‘humber Ma, and of the stagnation temperature Osgy as:

Q) —
i LSl S ! Ma)%
6, 2

The ratio

@sgx

6,

is plotted in figure™4 as a function of May.

Because Ma, Is usually unknown, ©y shail be calculated from:
— the mass flowrate, gm,
— the stagnation temperature, Oggy,
— the section area, Ay,
— the pressure py or the stagnation pressure at section X, psgy,

in accordance with 14.4.3.
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Figure 4 — Changes in F), and the ratio Os4,/0, 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-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 Mays is defined as:

Ma2 ;= m2 _ dm _ dm
ref =— = =
Cref  Agpa \/ KRANOsga  A2Psgt \/ KR\ Osg1

[t 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 ap the mean velocity at the section x, vy, divided by the velocity of sound ¢y at the samé 'sg¢ction, i.e.

) q
— X m
Ma, =—~

¢ AxPx /KR O

where
__ P
P Ry ®,
dn
Ymx =1
Axlpx

14.4.3.1 Calgulation of Ma, and 6, when p, and Ogqy are known

~+

Assuming tha

2
M2 = in_] k=1 RO
X 2 ps

and

Osgx _ |+1+4M?

Assuming that

2 2
dm _ dm

2
Mag,, = =
gx 2 2 2
Ay Psgx K Ry, @sgx Ay K Psgx Psgx

the Mach number May is given by:

May = Magg, \/(1 +1217 MaZyy +1369 Maly, +10 Maggx)

For x = 1,4 and Maggx < 0,45
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(o) -
Zoox KT yg2
6, 2
. May .
Figure 6 shows plotted against Magg, .
Asgx
2 NS x=14 R, =288 Jkg K"
0.6 |— 1,06 %ﬂ = f(M)  Ma,=f(MY)
05 1,05 Ma
/ 04y
/e
i // /
04 |- 1,04 // //
i / 7
03 |- 1,03 // //
L / //
0.2 |~ 1,02 // 7
0.4 101 /

0 0,01 0,02 0,03 0,04 0,05
M2

Figure 5 — Changes in Ma, and the ratio Os4,/ O, as functions of /2
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R, =288 Jkg K

o % x=14
n n
B
12
May
Mg " Mased
/
1,15
/I
/
/
11 //
/V
S
1,05
//
P
1 i
0,1 0.2 0,3 0.4 0.5
Maggy
Figure 6 — Changes in the ratio Ma, /Magg, as a function of Maggy
14.4.4 Calculation of the density; p, at a section x and mean velocity v,
If the Mach ndimber Ma, is«alellated in accordance with 13.4.3.1 or 13.4.3.2, the ratio:
@sgx
@X
is given by the following expression:
) -
6, 2
and
L
Psgx Osgx | % -
Px 6
and
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The mean velocity in the section x may be determined by the following expression:

Voo = 9m
mx =
Ay Px
where
=1 il
P = Px =p (ngx ]"“1_ Psgx [ngx k-1
= = Poax = TSgX | TSgX
RWOX ¢ 6x Rw@sgx 6

14.5 Fan pressure
14.5.1 Thg fan pressure pr 15, Dy Mternational agreement, defined as the difierence between 1
pressure at{the outlet of the fan and the stagnation pressure at the inlet of the fan, i.e.

PF = P$g2 — Psqi
The stagnafion pressure psgy in any duct or chamber section x (with an area A,) is given, by

Psgx =[Px + PaxFvix
where the ¢onventional dynamic pressure pgy at section x is defined by:

2

1 2) 1 dm

pa— v T — ] ——

2 PxVmix 20, (Ax

; Px

with =

i | WCY

The Mach flactor Fy for pressure correction is given as a fupction of May by the expression

e stagnation

2 4 6
- M
Fapy = Psgx ~ Px =14 Ma;, + Ma, Mo
1 2 4 40 1600
Py PxV¥mx
for k= 1,4 [see 3.21)
and is plotted in figure 4 as a function 0f May.
NOTES
25 The diffprence between the-gauge stagnation pressure peggx at section x of the test airway and the total priessure py, used
in earlier stapdards is very smalf-at low velocities when the Mach number Ma, is less than 0,15 (= 0,006 pg,).
26 The fan|pressure may\be also defined as the difference between the gauge stagnation pressure at the dutlet of the fan
and the gauge stagnatien\pressure at the inlet of the fan.
PF = Pbsg2 -Pesgl = Pe2 + Pd2Fviz = (Pel + Pd‘lﬁ\M)
where pg1 $ 0

14.5.2 The fan static pressure pgf is, by international agreement, defined as the difference between the static

pressure at

the outlet of the fan and the stagnation pressure at the inlet of the fan.

PsF = P2 — Psg1

When psgy,

Osgx gm and Ay are known for a section X, py is calculated by the following method.

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

Psgx
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-1

Px :(1+K_1Ma,2(jx_1
Psgx 2

is shown on figure 7 as a function of May

and

2
1 (4
Px = Psgx — PaxFuvx = Psgx — 20, [f) Fux
X

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

o 5 x=14 R. =288 J-kg K"

Q| @

QU
1
\\
T~
\
O ™
Bo = [ M2 N
0.95
\\
N
N
AN
AN
0.9 N
AN
N
0.85
U.6
0.1 0.2 03 0.4 05
Ma,

Figure 7 — Changes in the ratio p,/pss« as a function of Ma,

14.6 Calculation of stagnation pressure at a reference section of the fan from gauge pressure,
Pex, Mmeasured 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

Ay 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 t Pa

and, in accordance with 14.3.2, 14.3.3, 14.3.4,

@sgx =

Osgn

May and 6O, are calculated in accordance with 14.3.5, 14.4.3.1

pX=

Px

Ry©

q

Vmx =
The stagna

Psgn =
where

(Cn—x)x
with 3

( CH-X) X

(Cn—x)x
NOTES
27 pex IS NG
28 It mayh

Pesgn
14.6.1 Ca

The fluid o
Osgnand A

13t

Ax

tion pressure at reference section n is given by

1
Px t E prn%xFMx[‘I + (Cn—x)x ]

is the energy loss coefficient between section n and section x calCulated for section x
D.6.

= (0 for an outlet test duct

< 0 for an inlet test duct

bgative for an inlet test duct or an inlet chamber.
e written:

= Dex t % P)(Vr%x“'?\/lx[1 + (Cn—x )X ]

Jculation of the fluid pressure.at a reference section of the fan

static pressure in a reference section of the fan, py, is calculated in accordance with 14
L.

|

in accordance

5.2 from psgn,

Fan
I —

Figure 8 — Measurement planes and reference planes

C O
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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 g,,.
In the absence of leakage, g, will be constant throughout the airway system.

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

qvsgl =
Psqi
where
Psg1
Psgt =—70— —
Rwesg‘l

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

— the tlwo others use the concepts of volume flowrate and pressure with @-correction factor to take into
accolint the influence of fluid compressibility.

These three nmiethods give the same results within a few parts per thousandfef.a pressure ratio equal to|1,3.

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

One has
2 2
y=P2—P1, Y2 Ym
Pm 2 2
2 2
_P2— P +l[ dm J _ l[__qL)
Pm| 2\ P24z 2\ p14y
where
TP
and
__Pl
P1= R0,
__Pp
p2= R,.B,

p1 and py beifg-calculated in accordance with 14.5.2.

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

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

shaft power, Py,

motor output power, Py,

motor input power, Peg;

n =

2o |ev
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-k
Na = P,
PU
No = P,
_k
Ne = P,
14.8.2 Calculation of fan air power and efficiency from fan volume flowrate and fan pressure
One has:
R, = Qvkg1 PF Kp
where
qvsg1 ip the volume flowrate at inlet stagnation conditions;
PF ip the fan pressure, psgz — psg1:
kp i the correction factor for compressibility effect.
The various| efficiencies are calculated from the various types of power supglied’in the same way as in 14.8.1.
Two methads 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 10-3
to 3 x 10-3).

14.8.2.1 GCalculation of compressibility coefficient, k,

The pressu
r=1+

where

PF

Psgl

re ratio r is calculated as

| PF_
Psg1

s the fan pressure according t0 14.5.1;

s the stagnation pressurerat the fan inlet.

Assuming that

-1 psg1R k=1 R
Zk = E
K gmPF K qysq1 PF
kp is given py
Z l0g1gr

kp - 10910[1+Zk(r— 1 ]

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

NOTE 30 &,

_ Pg1 * Psg2

and psg1/Pmsg differ by less than 2 x 10-3, where pgq = >

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

‘= In (1 + x) Zp
PT & mﬁ+z@
where
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r—1

Psg1

and

K-1

Pr
K Qvsgl Psgl

p=

Z

kp is plotted in figure 10 as a function of x and Zp,.

Kp

P \ ~ / S [ —]
\ b g 'I I‘nl
\ N SN .r// F—~—
,m./ /l./ -~ /I
— AN ~ //,
o ~ -~ —
//Q// ~d e ]
* N =
- hadi =
~ —_— Vs
~ [ —— e S T
,l,." - /]
llll —
© © < ~
17~ o o ) =) o

1.3

1.28
Pressure ratio, r

1,24

1,08

1,04

Figure 9 — Chart for determination of the compressibility coefficient, k,
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0,92

0,93

kp=0,91

0.24

0,22

0,02

0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 2,

0,01

Figure 10 — Chart for the determination of compressibility coefficient, kp
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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:
R ___ K

y = — =
dm  9vsglPsgl

where
R, = qvsg1 PF kp
in accordance with 14.8.2 and 14.8.2.1.

14.8.3 Conventional static efficiency

14.8.3.1 Calg¢ulation of fan static air power and of static efficiency from fan static work per unit rllass

One has
o L
Ys =
o 2
where
.-|
Py = pitp2

The fan static|air power is equal to the product g,, ys therefore
Pis = dmYs

The various efficiencies are calculated from Pyg in the sameway as in 14.8.1.

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

The fan staticl power is given by the following expression:
Rs = qvsg1 PsF kps

where kys is ¢alculated in accordance with 14.8.2.1,

and
r=1+2E
Pgqi
x=DPsEl_ 4
Psg1
and
K-1 R
Z =___psir_
K qmDsF
and
K-1 P
Zp -
K qysgi Psgi

Static efficiencies are determined from Pg 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
(=2x103t04x103).
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14.8.3.3 Determination of the fan static work per unit mass ys from the fan static air power P

The fan static work per unit mass ys is determined using the following expression:
PUS
qvsgl Psg1

R _

s
qm

14.8.4 Determination of the kinetic index at the fan inlet, iy, or at the fan outlet i,
The kinetic index iy is given by the following expressions:

— at the fan inlet:

Lles, simplified

d measured.

stream of the

nsity upstream

21
T il
g3 by
— at the fan outlet:
2
i =12
2y
14.9 Simplified calculation methods
When the| reference Mach number Mays and/or the fan pressure desnot exceed certain val
calculationfmethods may be used.
14.9.1 Reéference Mach number Ma; ¢ less than 0,15 but fan pressure pr greater than 2 000 Pa
In this case:
— the Mpch factor Fy, may be taken as 1;
— the sthgnation temperature sy and the static or-fluid temperature 6, may be taken as equal an
14.9.1.1 DPetermination of mass flowrate
The stagnation and static temperatures may be considered as equal and the temperature up
flowmeterl may be measured.
The determination of flowrate does\not need a trial and error procedure for the calculation of the de
of the flowymeter as described in(clauses 22 to 27.
O, =}, +27315=065g,
Pu = Peu T Pa
_ 1 Pu
Pu R\,
However, theReyrolds-Aumber-correction-on-the-flowcoetficientof-the flowmetere-should-be-app

determination of the mass flowrate and of the corresponding Reynolds number.

14.9.1.2 Determination of the stagnation pressure at section x, psgy

In accordance with the assumptions described in 14.9.1 we have

for an outlet duct:
RorPF,

mCp

0;=04= ngz = @sg4 = 9591 +

(the temperature Ogy4 can be measured),

ied after a first
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— for aninlet duct:

O0,= @sg1 =03 = 6sg3
The absolute pressure in the section of measurement is given by the expression

Px = Pex + Pa
and

1 2
Psgx = Px t 2 PxVmx

or

Psgx = Px|t

where

__Px|
)

The gauge stagnation pressure, pesgx. is given by the following expression:

12
Pesgx = Ppx + 2 PxVimx

1 (g 2
= pl 4 —
Pgx 2pX[AX)

149.1.3 Dettrmination of the stagnation pressure at a reference section of the fan from the fluid|pressure
measured at [section X, poy

Assuming

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

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

Given that

Osgx = Ofgn = 6% = 6,

the stagnation pressure at section n is given by

1
Psgn = Px t prvr%x[1 + (Cn—x )x ]

or

2
1
Psgn = Px +E[Z_m] [1+( n—x)X]

X
where

(&n — x)x 1S the energy loss coefficient between section n and section x calculated for section x in accordance with
clause 30.6:
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(&n — x)x = 0 for an outlet test duct

(&h — ¥x =< O for an inlet test duct

NOTES

32 The gauge pressure pg, 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 +%Px"r%x[1+ (Cn—x)x ]

2
= Pex +i(%) [1+(§n—x)x]

ISO 5801:1997(E)

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

In accordance with 14.9.1.2: 6, = Osg, = 6, = O,

) 2
|/ 1 (q
Pn = Psgn ~ Pn %zl’sgn _E(Zm]
where
__1Pn
Al )

but py is uknown.

Assuming that for a first approximation:

i _ Psgn _ Psgn
(pn)1 Pean RyOsgn  RWO,

and
=_(9n)1
LR -y
2
= _ 1 gm
SSRGS

2

1 (¢ 1

Pen = Pesqn_—( ,m
\n)/

Two or three iterations are sufficient for an accuracy of 1073 on pen; p, May be obtained by the following equation:

2
1 2 q
Pn =7 | Psgn +4[Psgn — 2 - Ry Osgn
2 Ap

Pn

A ROn
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14.9.1.5 Calculation of fan pressure

The fan pressure pr and fan static pressure pg are given by the following expressions:

De = Deen — Dea = D
rr r5yc rsyi r

PsF = P2 — Psgl = Pe2 — Pesgl

14.9.1.6 Determination of fan air power, P,

1 rd

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

The various efficiencies are calculated from P, or Pys and the various types of power supplied to the fan in
accordance with 74.8.T.

14.9.2 Referehce Mach number Ma,.s less than 0,15 and fan pressure pr iess than 2 000 Pa

In this case,

— the Mach factor Fpx may be taken as 1;

— the static gnd stagnation inlet temperatures and the static and stagnation outlet temperatures may bg taken as
equal, and/ in the absence of an auxiliary fan upstream of the test fan, equal to-the ambient temperatlire:

@1 =@sg1 =@2 = @ng = @3 =@sg3 =@u = @a =1, + 27315

— the air flowy through the fan and the test airway is considered as incompressible;

— in the pregence of an auxiliary fan, the airflow is considered as inéompressible between sections 3 and 4 (see
figure 8).

14.9.2.1 Determination of mass flowrate

In accordance Wwith 14.9.1.1

Pu = Peu | Pa
—_Pul
A= RO

However, the Reynolds number correction-onthe flow coefficient of the flowmeter a should be applied gfter a first
determination pf the mass flowrate andthecorresponding Reynolds number.

14.9.2.2 Detgrmination of the stagnhation pressure at section X, pggx
According to 14.9.1, 14.9.1.2.and14.9.2

Px = Pex ¥ Pa

2
T o2 IR
Psgx=Px+§P1"mx=Px +a[_ﬁj

or

1 {q 2
Pesgx = Pex + 51-)_1 (;’f)

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

pr = Pa____Pa
Rw@sg1 Rw@a

=Pa

With an auxiliary fan upstream of the test fan,

P3
Rw 63

P1=P2=P3=Ps=
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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, py

In accordance with 14.9.1.2 and 14.9.2

Psgn = Px +%P1 Vn21x [1+(Cn—x)x]

= +—1— q—’"21+(§ )]
Px 21\ A, [ n—xJx

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

2
e =gy ) oo
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

T 2
Pn = Psgn _EP1 Ymn

2 2 2
n = Psgn = Psgn
T 20 A An N 2p( 4

which may dlso be written

2 2 2
Pen =P - L q_m i =p, — _1_ q_m
en = Pgsgn 201 | A, A esgn 201 | A,

14.9.2.5 Fan pressure

The fan pregsure pr and the fan static pressure pgg'are given by the following expressions:
PF = Psg2 — Psg1 = Pesg2 — Pesgl
PsF = P} — Psg1 = Pe2 ~ Pesgl
14.9.2.6 De¢termination of fan airpower, P,
The fan air power P, and the fanstatic air power Pq are calculated by the following expressions:
R = qvdg1 PF
Ris = qysg1 PsF

The various [efficiencies are calculated from P, or P,g and the various types of power supplied in accprdance 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.

15.1.1.1 Geometrical similarity

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

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

All correspondling angles shall be equal.
15.1.1.2 Reynolds number similarity

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

ul) psg _ uD; psgn
H #Rw@sg1

When the pefipheral Reynolds number increases, the friction losses decrease:

Re, =

Therefore eff|ciency and possibly performance may increase.

A difference in efficiency of 0,04 (4%) may be obtained for a Reyndlds numbers ratio equal to 20.
15.1.1.3 Maich number and similarity of velocity triangles

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

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

For fans, the peripheral Mach number js given by.

u
Ma, =—

\/'K-'Rw@sg1

When this Mach number ipereases, the peripheral Reynolds number increases, as does the fan pressurg

©

When the fan pressute)increases, pm increases, while kp and the ratio psg1/pmsg both decrease. The velocity
triangle similgrity is-ne 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 t0 psg1/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

ReuTe
ReuGu

ISO 5801:1997(E)

as a function Re,gy, and figure 12 gives an indication of the variations of the ratio ng,/nte as a function of kygy and

15.2.1 Conversion rules for compressible flow

There is i
specified

Akp

= kpGu - kae

great as 0]06.

REuTe
ReuGu

0,5

0.3

0.2

01

0,05

hsufficient evidence to establish universal rules for the conversion of fan performance, f
fondition involving a change in the compressibility coefficient k, of more than + 0,01 afd W

om a test to a
hich may be as

i

Unacteptable zone

%

v
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Figure 11 — Permissible variations of Re,7o/Re, g, as function of Re, g,
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Figure 12 — Variation of ng,/ n1 as a function of kg, and Ak,

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

These conversion rules can be represented by the following expressions, in which g 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 g 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 kpgy after conversion may be found from the following approximate formula, which
is correct within a few parts per 1 000:

where 1 is

2
1-koou _(nguDigu | [ RuteBsaite | K16 | 1-%cu(1-1) 2
1= kae

nteDrte RaGuOsgiGu | Keu | 1-KTe (1 - 77)

Nr O Nsr-

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

3 q
9vsgiGu _ ngy (DrGu] (kpﬁ]
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PFTe

Fau

Fre

These exp
— rotation
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— gas: Ry} x;

— inlet ternperature, Gsg1 and density, psq1.

NOTE 35

15.2.1.2 Conversion rules for a change of less than + 0,01 in compressibility coefficient kp

In the limi
applied.

The comp
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The Reyndlds number Re, shall be within the limits of figure 11.
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fessions are established in the case of change in:
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'

diameter, Dy,
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s of the peripheral Reynolds number allowed according to figure 11, the following expre]
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P, sFTe
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97(E)
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nTe
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q
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© SO

where 7 is 1, or ng, and q 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.

15.2.2 Simplffied conversion rules for incompressible flow

When the fan
simplified exp

9vsg1Gu
qvsgiTe

PFTe

PrGu

PrTe

15.2.3 Shaft
The measureq
It may be nec
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and
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in order to caf
However, the

PrGu
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as equal to

4 ("Gu
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=

essions may be used for the calculation of converted performance.
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power and impeller power
and specified input powers will usually be the fan shaft power Py1e and Pygy.
bssary to estimate the bearing losses Pgye at nye and Ppgy at ngy and to use the relations

e_PbTe

Gu + PbGu

ry out the conversion §pegcified in 15.2.

error incurred by‘assuming

PaGu

pressure for test and guaranteed conditions is less than 2 000 Pa, k; is close to 1,aAd th

e following
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will not exceed the following, in percent,

200 (ngy - nTe) Py

nye Py

which is often

48

negligible.


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

©1S0 ISO 5801:1997(E)

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 sectiofis joining any discontinuities where stable results are not obtainable.

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

For fans for which the fan pressure is more than 2 000 Pa, indications of the fan outlet’density shall be plotted
using the fatio

P2
Psgn
or
k,=£L
Rm

16.3 Characteristic curves at constant speed

Fan charagteristic curves at constant rotational speed areébtained from results converted in accoriance with the
rules giveh in clause 15 to a constant stated, rotational speed Ng,, to a constant stated density Psg1Gu, Which

should, unjess otherwise agreed, be 1,2 kg- m-3, and-'to a stated absolute inlet stagnation pressure Phg1Gu-

The fan pressure pr and the fan static pressure pgr or either one of them together with the fan dynamic pressure
corrected [for the Mach number effect: pgoFp, shall be plotted against the inlet volume flowrate qvsg1- The fan
efficiency pr and/or the fan static efficienty. 7, or their shaft power equivalents may also be plotted.

An example is given in figure 13.
16.4 Chpracteristic curves-at inherent speed

Characteriptic curves at_ifihefent speed may be used if so desired for a unit consisting of the fan|and its driving
means.

The driving meansshould be operated under fixed and stated conditions, e.g. at the rated voltage ang frequency for
an electric MOLar: The rotational speed should also be indicated on the fan performance characteristi, curve plotted
nolds number
wer by use of

performance data on the dnvrng 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 1,2 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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16.6 Compllete fan characteristic curve

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

60

40

20

Fan‘efficiendy. n.. and fan static efficiency, ns- (%)

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

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€urve 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 unpatisfactory
flow patterns|may develdp-at inlet or outlet.

16.7 Test

Tests for a spéeified duty should comprise not less than three test points determining a short part

characteristic
pressure.

r a specified duty

of the fan
n or static

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 ISO 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.

ISO 5168 includes an excellent discussion of uncertalnty anaIyS|s that can be applied to all aspects of fan testing,
not just fluj ) .

In this Intefnational Standard, 95 % coverage is required.

z
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Figure 14 — Example of characteristic curves for an adjustable-duty fan
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Figure 15 — Example._of test for a specified duty

17.2 Pre-test and post-test analysis

A pre-test ungertainty analysis is recomimended to identify potential measurement problems and to pefmit design
of the most cpst-effective test. A post-tést uncertainty analysis is required to establish the quality of thg test. This
analysis will also show which meaSurements were associated with the largest errors.

17.3 Analysis procedure

A rigorous ungertainty.apalysis for a fan test requires significant effort as well as detailed information [concerning
the instrumerts, calibrations, calculations and other factors. There are at least five (and perhaps as njany as 15)
parameters that”’can be considered the results of a fan test. Each result is dependent on ong or more

measurements.“Each measurement can have five or more components of uncertainty. All of these components
should be considered in an uncertainty analysis.

The procedure outlined in ISO 5168 includes the following steps:
a) list all possible sources of error;
b) calculate or estimate, as appropriate, elementary errors for each source;

c) for each measurement, combine separately the element bias limits and the element precision indices by the
root-sum-square method;

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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e) calculate the uncertainty for each parameter,
f) establish the uncertainty interval for each parameter.

NOTE 38 In addition to measurement errors, there may be errors associated with extracting data from tables or charts, or
from using formulas.

17.4 Propagation of uncertainties

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

17.5 Reporting uncertainties

The test r¢port should state the following for each parameter of interest:
a) the test value? of the parameter;

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

¢) the bigs limit;

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

EXAMPLE
a) R=qy)=5m3.s-1

b) s=0,05m3.s-! v=>5
c ,p256 m3.s-1

) B=0
d U= \/32 + (t95s)2 (U corresponds to Urss.indSO 5168)

U =p0252 + (257 x 005)° =0,13142 s

0,131
5

then u =

17.6 Maximum allowable uncertainties measurement

This Interpational Standard lists certain requirements for measuring instruments. These include thie accuracy and
legibility df the instrument itself and, in some cases, similar information about the working standard|which must be
used to cplibrate<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 unceftainty 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 parameter is the test value. This estimate can be improved by repeating the test and using the
average result.
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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 Selecti

18.1 Classification
The fan to bel tested shall be classified according to one of the four types specified in 18.2. The supplier should

state the typg or types of installation for which the fan is intended, and the user should’select from the types
available the dne which is closest to his application.

18.2 Installation types

The four types of installation are as follows:

— type A: fr¢e inlet, free outlet;

— type B: fr¢e inlet, ducted outlet;

— type C: diicted inlet, free outlet;

— type D: dlicted inlet, ducted outlet.

In the above ¢lassification, the terms shall be taken to have the following meanings:
Free inlet or|outlet signifies that the air entérsor leaves the fan directly from or to the unobstfucted free

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

Parameter Symbol Relative uncertainty Remarks Clause or
of measurement subclause
Atmospheric pressure Pa U =102 % corrected for temperature and 6.1
altitude
Ambient temperature 6O, uga=*02% measured near fan inlet or inlet 8.1
duct, or in a chamber where the
velocity is less than 256 m-s-1
(0,5 °C)
Humidity h, up, =102 % uncertainty in air density due to 8.3
an uncertainty of +£2°C in
(tg — ) forzg =30 °C
Gauge pr¢ssure De Upe =1 1,4 % static pressure greater than 6.2
150 Pa: combining 1 % mangos 6.3
meter and 1 % reading fluctuy-
ation uncertainty may “be
reduced to 1 % or lessfor high-
pressure fans as a function of
fluctuations.
Differentipl pressure Ap up, =114 % as for gauge pressure 6.2
6.3
Rotationa] speed of N uy=%205% may be feduced to 0,2 % by 9
impeller use of electrical scanning
Rotationa] frequency of n u,=%205% as(forsotational speed 9
impeller
Power input P, upr=1t2 % measured by torquemeter or 10
two-wattmeter method
uncertainty according to class of
wattmeter and transformer
Area of a|nozzle throat Ay Usg =30,2 % uy;=01%
Area of alduct Ay Uy £ 0,5 % up=0,1 % 1
Mass floyvrate am Ugm 22 t0 27
Table 3 — Maximum allowable uncertainty for the results
Parameter Symbol Relative uncertainty Reémarks
. , 0 2 2 2
Ambient Hensity Pa Upa =104 % Uga TUny *Upa
. p 2
Fan temgerature rise AG@ upe=12,8 % ,’up, + Ugm
i UrpAO
Outlet stagnation Osg2 ko2 =+ 0,4 % Une
temperatjure Os a2
g
Outlet stggnation density Psg2 Upsg2 =107 % Upo
. ) 2,2
Dynamic pressure Pd2 Updz =14 % V3ugm + duy +up2
Fan pressure PF urp=114% = Upe
. o 2 2
Fan air power Py up,=%125% Ugm + UpF
- 2 2
Fan efficiency Ut Upe=+32% \/upu + upy
Fan flowrate qm OF qy Ugm OT Ugy =12 % 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 msw@i@ation 1o match s SyStem, e USer Should note that a system connecteqd 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-tg-round transition has little effect provided there is no change in crossssectional 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 putlet and ducted outlet systems.

18.5 Alternative methods

For any one installation type, the alternative methods available differ only in the method of flowrate mg¢asurement
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 jwell-known
standards maly also be employed.

The alternative standardized airways and the required measarements and calculations are described in|clauses 32,
33, 34 and 35 and in the accompanying figures.

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 beladapted to ducted inlet or outlet tests by the addition of the inlet and outlet duct simulation sections
described in glause 30.

Standardized [airways designed for(type A installation tests may be adapted to provide tests for typg B, C or D
installations. [t follows that the inletSide 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 pirways for type B or C installation tests may be adapted to provide tests for type D installgtions.

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
22t026.T

| hall he | an 4 4+ fr £
Re-test-enclosure-snanpe1arge-crodgh-to-permitfreefeturfrermoutietto-intet:

19.4 Matching fan and airway

For the pufposes of confirming compliance with the limitations on test duct dimensions; the fan inlg
areas shall[be taken as the gross area at the inlet or outlet flange without deduction‘for motors, fa
obstructiorfs. Where motors, fairings or other obstructions extend beyond an inlét or outlet flangg at which the
performange for ducted installation is to be determined, the casing should be extended by a duct of [the same size
and shape ps the inlet or outlet and of sufficient length to cover the obstructioni\The test airway dimgnsions should
be measurpd from the plane through the outermost extension of the obstruction as if this were thi plane of the
inlet or outlet flange.

t and/or outlet
irings or other

19.5 Outlet area

For the purpose of determining the fan dynamic pressure, the*fan outlet area shall be taken as the gr¢ss area at the

outlet flang

Some free

stated, e.g.

centrifugal

so describgd.

e or the outlet opening in the casing without deduction for motors, fairings or other obstru

outlet fans without casings have no well-defined outlet area. A nominal area may then
the area within the ring of a propeller ‘wall fan or the circumferential outlet area of an
impeller. The corresponding fan dynamic pressure and fan pressure will also be nominal

ctions.

e defined and
open-running
land should be

20 Carrying out the test

20.1 Working fluid

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

20.2 Rofationalspeed

20.2.1 Fof 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 gaslother 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 sup

ply 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.

57


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

ISO 5801:1997(E) ©1SO

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 |imitsgiven 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 shert. portiop of the fan
characteristic|curve including the specified flowrate.

20.7 Tests|for a fan characteristic curve

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

20.8 Operating range

Test points olitside the normal operating range may be recorded, apd the complete fan characteristic cdrve plotted,
for informatipn only. Tests made outside the normal operating~range will not necessarily have tfje accuracy
expected for[tests made within the normal range.

21 Determination of flowrate

Six methods |of flowrate measurement are listed’inn21.1 to 21.6 and described in clauses 22 to 27.

21.1 1SO Venturi nozzle (see ISO 5167-1)

— Inlet Venlturi nozzle
— In-duct Menturi nozzle

— OQutlet Vénturi nozzle

21.2 Multiple nozzle/or Venturi nozzle
— Multiple jhozzle.n test chamber

— Inlet Ventérinozzle

— In-duct Venturi nozzle

— Qutlet Venturi nozzle
21.3 Quadrant inlet nozzle
21.4 Conical inlet

21.5 Orifice plate
— Inlet orifice plate

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

— Oirifice plate in chamber

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

22 Determination of flowrate using ISO Venturi nozzle

22.1 Geo

metric form

The nozzle dimensions are shown in figure 16 and are in accordance with 1SO 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 cylindri

measured

deviation ¢

flat face s
coincident

2211 Th

taken at an

2212 Th

clause 7 aif

2213 Th

clause 6 arf

22.1.4 Ex
0° <6< 30
some type

shortened

or cylindrig

22.1.5 Th
with ISO 5

the corres

22.2 Ve

2221 W

22.2.2 St
pressure-r

22.2.3 So

inlet Ventd

gular spacings of about 45°, in the plane of the throat pressure tappings-
d ISO 5167-1:1991 subclauses 9.1.5 and 10.2.3.
d13.2.3.

°. An included angle of 15° is recommended since the loss is then at a minimum. Except
C installations (see clause 34), the Venturi nozzle may be truncated. The divergent sectio
by about 35 % of its full length without greatly' modifying the pressure loss in the device.
bl connection piece shall be of length notdess than 3d.

b installation conditions and the lengtk’ of the upstream and downstream ducts shall be

bonding mean diameter by more than 0,003D [see figure 17 a)].

nturi nozzle in free-inlet condition

bps shall bestaken to ensure that the pressure registering at the high-pressure limb of
bading manometer is the ambient pressure in the inlet zone.

reer loading in accordance with the requirements of 25.2 and figure 17 c) is permissible
ritmozzle installation, but there will be an increase in the uncertainty of the flowrate coeffig

cal, with no diameter differing from the corresponding mean diameter by more tha
in any plane at right angles to the axis of the nozzle. The roughness expressed, by, th
f the profile surface (R,) shall not exceed 10-4d (R, < 10-4d). The throat, the tworcirculd
hall meet tangentially without perceptible steps. The nozzle axis and the axishof the a

b throat diameter, d, is the arithmetic mean of four measurements, to” within an accur
b pressure tappings shall conform to the dimensions shown in figlire 16, the requiremen
b pressure difference Ap across the nozzle shall be measured in accordance with the re

cept where otherwise specified, the included angle”of the divergent section may lie

167-1, clause 7. The diameter of theé upstream duct shall be cylindrical, with no diameter

thin the inlet zone.défined in figure 17 b), there shall be no external obstruction to the fred
air entering the inlet and the velocity of any cross-currents should not exceed 5 % of the nozzle throg

n 0,0005d, as
e arithmetical
r arcs and the
rway shall be

acy of 0,001d,

ts specified in

quirements of

in the range
in the case of
n may then be
The divergent

in accordance
differing from

movement of
t velocity.

the differential

with the free-
ient ¢, and the

pressure ratio rq should not be 1ess than 0,90 i the uncertanty of flowrate determination is not 1o 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 No

22.3.1 Di

zzle performance

ameter ratio

In this International Standard the Venturi nozzle may be used in conditions ranging from a free inlet, i.e. =0, to a

maximum

diameter ratio 8 = 0,67 for an in-duct Venturi nozzle.
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- Tappings at
90° intervals
f\')f\l A1 nn‘.
0,45d
< 0,20 0,3d 0,40d
®a where 3 =0,030 and15=a=10
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n
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+
g Z4
N !
¢ |
3 S !
? o % e ———— “-,—‘. _:__:__::r::__—:___. z p—— - — gl el el ep———— 3
Q s !
° |
! Truncated
3 I diffuser
4 | 15° max.
i 7
T
Z
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[
n
o~N
7
I 0,351 max.
g 0,604 1d L=z3d
R4 =0,2d
R,=4d/3
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Figure 16 — Geometry of ISO Venturi nozzle
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Contraction or expansion of 7° max.

ISO 5801:1997(E)

D min. 6,50 min. 3d min.
L
g ——— [ e i S \ B
: ! "
L In accordance with 30.2 a), b), ¢)
In accordance with 30.2 d) 1)
10 D=15d min.
2)6 =30°
6 =15° for minimum loss
a) In-duct Venturi nozzle
1.5d d 3d min.
© . ' et
0 : ., I_i Duct expander, shape
° transition, sudden expanjsion
-1 D S
A8 v | T T T T/
5 | :
C I T
‘ B i . Resistance screen in accordance
Inlet zone shall be / 15d d with 29.2.6, if required
|

free from obstruction

15d d |
|
0,75d
o ] X 0.05d max. | |
b Nl A
i N\
I [H
— A _'> H 1" P
l I == E E
. i E E
© : : H o M
L‘,_w_ r 5 )
i £
' «— O
— “‘1 Qe
o o
Inlet zone shall be V.70 16, 7>d
free from obstruction 15d d * 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 « is independent of Reynolds number within the following constraints:
— diameter ratio: § = d/D where 0 < < 0,67
— throat diameter: d = 0,05 m
— throat Reynolds number:
Re, = Ldm - 105
nud

where

1 is thgd dynamic viscosity of air upstream of the nozzle;
D is thg diameter of the upstream airway;
d is thg nozzle throat diameter.

Under these ¢onditions it has been shown that the relationship between o and B is-described by the following
empirical expression:

20989801 96442
- 05

-5°)

22.3.3 Expansibility factor

The expansibility factor € is related to the pressure ratio rq, where

= Pdo | 1_ Q
y= =
Pu Pu
(Ap is assumgd to be positive) by the following expressian which is valid when ryq > 0,75:
xk-1705
€= Krd2k 1—-B4 1—rd K

K —|1 1_ﬁ4rd2/K 1_rd

22.3.4 COmIound coefficient

The compound coefficient ae is GRown plotted against the ratio B in figure 18 for representative vdlues of the
pressure ratiq rg. The mass flowrate is derived from the following expression:

d2
am = 0ef 20,80

where p, 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
=T
R\6,
where
Pu = Pa

O, = 6, =t, +273,15
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v =14 rg=1-(8p/py)
= 1,08 Al
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0.9
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0,88 ',’
0.86 e

//

_"—/

0.84

0 0,1 0,2 0.3 0.4 0.5 0.6 0.7
Diameter ratio 3 = d/0

NOTE — For a free-entry Venturi nozzle, 8 should be taken as C.

Figure 18 — Compound flow coefficients of ISO Venturi nozzles

22.35.2 Venturi nozzle in in-duct conditions
The density upstream the nozzle is given by

__bu
A Ry

where
pu is the upstream pressure;

@, 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

O, =ty + 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 10-3.

Calculations are carried out with 6.
22.3.5.2.2 The temperature ¢, 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:

o, — A PR Yo Lo M- W ~
sgu = Ug="1g+=z7519

for an inlet duft without auxiliary fan;

B or Fey

Osqy = O+
Amp

for an auxiliary fan upstream of an inlet duct where P is the shaft power of the auxiliary fan or Py |s the input
power of the motor inside the fan housing

R or By

Osgy =6

591
for an outlet duct.

For all cases, [the static temperature ©, may be calculated by the following expression:
q2
6, = Osg| - _—2_’"——
2
24, Py ¢p

For a first apgroximation, @, = Osg, and a first value of\gy, : g,,1 is obtained. This value allows the calculation of @,
the flowmeter Reynolds number Rep or Re; and thecmass flowrate g,

NOTE 39 For|3= 0,67 and

Pdo _ 0,75
Pu

the Mach numper Ma,, = 0,235 and
o)
3 _1o110
0,

dm (Osqy) is 5,5x 103 less'than the true value of gy,

22.4 Uncerltainties

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

4
ug=%{12+15 (%)

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
+1,2 %.

22.4.3 When screen loading is used as shown in figure 17 ¢) 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 + 1,7 %.
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22.4.4 The uncertainty u. of the expansibility factor € is given by the following expression:

ug =t (a+ 100[38)%
u

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 u, or uqy of determination of the mass flowrate g, or the volume flowrate
gy will not exceed the values in table 4 provided that the pressure ratio ry4 is not less than the value indicated in

table 4.

Table 4 — Uncertainties of flowrate determination

Installation of Duct inlet Free inlet Free inlet with screen
Vemntarimozzie tfigure—t7ait ffigure 77 o)1 [figure 17 c)l
Pressure fatio
rg=1-Aplp, 0,75 0,75 0[90
Uncertainfty of flow
coefficient u, +15% +1,2% +117 %
Uncertainfty of flowrate
Ugm OF i) +2,0% +1,75 % +2|0 %
23 Determination of flowrate using multiple nozzles of Venturi nozzle
23.1 Ingtallation
For tests |n standardized airways, multiple nozzles shall be used within inlet or outlet chambers. The nozzles may
be of varyng sizes but shall be symmetrically positioned.relative to the axis of the chamber, as td 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

2321 M

ultiple-nozzle dimensionstand tolerances are shown in figure 19.

The profilg shall be axially syfmmetrical and the outlet edge shall be square, sharp and free from

roundings
length L's

23.2.2 N
differ at ar

The axes of the‘nozzle(s) and of the chamber in which they are installed shall be paralle
hall be either 0,64+ 0,005d (recommended) or 0,54 + 0,0054.

bzzles shallhave an elliptical form as shown in figure 19, but two or three radii approximati
y pointi-th'the normal direction, by more than 0,0154 from the elliptical form may also be

burrs, nicks or
. Nozzle throat

bns that do not
sed.

23.2.3 The nozzle throat diameter d shall be measured to an accuracy of 0,001d at the minor axis of|the ellipse and
the nozzle—extt—Foturmeastrements—shalt-be—taker—at culyu{cu SPacmos of-45%and-shatt-be—withim = 0,002d of the
mean.

At the entrance to the throat, the mean diameter may be 0,0024 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 0,001d 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 0
d -0,03d L 0,25d d -0,03d LY
|
$ v
© ©
r~ M~
D O
et 0
o o
Faifing radius about Fairing radius about
0,054, if necessary 0,054, if_necessary
a) Nozzle with throat taps b) Nozzle without throat taps
7 L=0%d or06d
L =0,6d is recommended for new constructions.
Figure 19 =+ Nozzle geometry
23.2.6 Nozzlg throat taps shall consist of four static pressure taps 90° apart connected to a piezometer {ing.

23.2.7 When

shall not excs

circular cross
provide a mea

23.3 Inlet 2

Muiltiple nozzl
wall. The min
the diameter ¢

ed 0,525. Ducts connected to the upstream side of a nozzle shall be straight and ha

suring section, or between 9,5 and 9,75 times their diameter when used as an outlet duct.

one

mum \distance between the centres of any two nozzles in simultaneous use shall be 34
fcdhe'large nozzle.

bs shallbe“positioned such that the centreline of each nozzle is not less than 1,54 from th

a duct is connected to the npzzle, the ratio of the throat diameter to the diameter of thg inlet duct

ke uniform

sections. They shall_have a length of between 6,5 and 6,75 times their diameter whe¢n used to

e chamber
where d is

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 rq > 0,9 (i.e. Ap < 10 kPa).

23.4.2 The nozzle flowrate coefficient a is obtained from table 5 or may be calculated from the following

expressions:

o= {0,99

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

ISO 5801:1997(E)

No:::;ffilg::‘rtate Reynolds number, Re, No:sszil‘;(\;\:tate Reynolds number, Re,
«a L/d=0,5 L/d=0,6 a L/d =05 L/d=0,6
0,950 12 961 14 720 0,973 57 519 63 948
0,974 62 766 69 736
0,951 13 657 15 491
0,952 14 401 16 314 0,975 68 713 76 295
0,953 15196 17 195 0,976 75 488 83 765
0,954 16 047 18137 0,977 83 249 92 320
0,978 92 195 102 180
0,995 16 961 19148 0,979 102 576 113 620
0,996 17 942 20234
0,997 18 998 21 402 0,980 114 715 126 992
0,998 20136 22 661 0,981 129.024 142 753
0,999 21 365 24 021 0,982 146 048 161 500
0,983 166 513 184 032
0,90 22 695 25 492 0,984 191 401 211 428
0,961 24 137 27 086
0,962 25703 28 817 0,985 222 073 245 182
0,963 27 407 30701 0,986 260 450 287 409
0,9¢4 29 268 32 758 0,987 309 324 341172
0,988 372 865 411 057
0,965 31303 35 006 0,989 457 538 504 164
0,966 335635 37 472
0,967 35989 40 184 0,990 573 788 631 966
0,968 38 697 43 ¥74 0,991 739 389 813 986
0,969 41 693 464482 0,992 986 593 1 085 643
0,993 1378 954 1516727
0,970 45018 50 153 0,994 2 056 291 2 260 760
0,971 48 723 54 242 0,995 3 377 887 3712194
0,972 52 866 58 815
or
o= o535323(3_6,688+1:’;1,5 1 _ C
VReg  Req ﬁ — oy, B° \/ 1- oy B°
for L/d = 0)5
where
Rey is the Reynolds number based on the exit diameter, which may be estimated by the following

aAy

B=dD

expression:

Rey =0,95ed

(17,1+0,0481,)

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;

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

is the nozzle discharge coefficient.

67



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

ISO 5801:1997(E)

23.4.3 The expansibility factor is obtained from table 6 or may be calculated from:

_NE
U,0

k-1 05

o Krdzlx(']—rd K 1 [ 1—ﬁ4 —l
£ \ / 2/ g4

(c-1) (1-rg) 1=
ry= .ELJ_"_A_p =1- Ap

Pu Pu

This expression may be replaced by the following:
I— 2/ 5;1-]0'5
€= Kry =D =19 K 1
K—] 1_ﬂ4rd2/K ’]_rd

© SO

Table 6 — Expansibility factors for nozzles used in a chamber
Static presgure | r Ratio of di:' meters, j -
ratio 0 | 0,20 | 0,25 | 0,30 | 0,40 0,50
"d Expansibility factor, &
1,00 1,000 00 1,000 00 1,000 00 1,060.00 1,000 00 1,000 Q0
0,98 0,989 23 0,989 21 0,989 17 0,989 11 0,988 86 D,988 29
0,96 0,978 34 0,978 29 0,978 23 0,978 11 0,977 61 D,976 50
0,94 0,967 32 0,967 26 0,967 16 0,966 99 0,966 25 D,964 61
0,92 0,556 15 0,556 10 0,955 98 0,955 75 0,954 78 D952 63
0,90 0,944 92 0,944 81 0,944 66 0,944 38 0,943 19 D,940 55
23.4.4 The mnass flowrate is given by the following expression:
al 2\
Gm =€ }_,(aidi )Z V2puAp
i1
for a multiple| nozzle,
42
m = OEL—- 2p,Ap
for a Venturi hozzle,
where
n
Z(aidi )
i=1
is the surmofthe—sguare of thevariousopen Nozzie diameters Tuitiptied by ther Tespective flowrate
coefficients;
pu is the upstream density according to 22.3.5.
23.5 Uncertainty

23.6.1 The uncertainty in the discharge coefficient Cis + 1,2 % for Rey; = 1,2 x 104.

24 Determination of flowrate using a quadrant inlet nozzle

241

The inlet nozzle shall only be used in open (free) inlet conditions and shall conform to figure 20.
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rz 0,1/‘1

ri=0,25d
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|
3
=250
®15d

J

od

3 225d

Unobstructed space
upstream of nozzle inlet

24.2 Geometric form

24.2.1 The inlet quadrant measliring nozzle shall correspond to a standard nozzle with an extended
section that is hollowed ouyt-t& a smooth finish of defined accuracy. This ensures that the flow

directly cgnnected to thedduct does not influence the measurement conditions at the nozzle inlet. If
to make gny enlargements to the cross-section of the test airway, these shall be made only in thg

Nozzle
inlet

0.5d

/ Pipe ring for pressure tapping

/A

0.6d

Nozzle'throat with
pressure tappings

Total length: = 2,354

Figure 20 — Quadrant inlet geometry

Smooth duct section
measured with nozzle

cylindrical duct
n the element
it is necessary
connection to

the cylindfical ductof(the inlet measuring nozzle. The nozzle and extended cylindrical duct sectiof are shown in

figure 20.

24.2.2 Thenozzle throat diameter d shall be measured to an accuracy of 0,0014.

Four measurements shall be taken at angular spacings of 45° and shall be within + 0,0024 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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where

© |SO

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

b isthe

side of the rectangular space.

24.4 Quadrant inlet nozzle performance

The mass flowrate is given by

ndz
Im = €= — V24pp,

where

a=1-0,(

for 105 <

q

J

£

f
Pu=pa i
245 Uncet

The uncertain

25 Detern

The conical in
25.1 Geon

25.1.1 The g
the junctions
edge, free frg

25.1.2 The tfhroat\diameter, 4, is the arithmetic mean of four measurements, to within an accuracy

6
04 "——10
Red

Rey; < 107 and d = 50 mm;

the expansibility factor

=1-05522
Pa

br k= 1,4 and Ap < 2 000 Pa;

the upstream density calculated in accordance with.22.3.5.

tainty

ty in the flowrate coefficient is + 0,003 fore’'< 1 with Re; = 105.

nination of flowrate using a conical inlet

et shall only be used in operv (free) inlet conditions.
etric form
onical inlet dimiensions and tolerances are given in figure 21. The profile shall be axially

between the‘¢one and the face and between the cone and the cylindrical throat each hay
m ridgescaand projections. The axis of the inlet and that of the airway shall be coincident.

taken at angular-spacings of about 45° in the plane of the throat pressure tappings.

symmetric,
ing a sharp

of 0,0014,

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 6 < 30°. The divergent or cylindrical connection piece shall be not less than 3d long.

25.2 Scree

n 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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ey shall not be

fness for their

1,25d L=3d
0,75d £0,05d |
9 0,25d I
~
3 |
o
15° max.
J‘L
| .
N
© éﬁ e
N 4+ 4 — — — —_———— ? ol — — — .
hS]
1 3
|1
w
OD
NOTE — Fdur wall tappings as specified in clause 7.
Figure 21 — Geometry of conicalinlet
25.2.2 Sdreens, antiswirl devices and their supports may be installed*in the connection piece, but th
allowed to|encroach upon the nozzle throat.
25.2.3 Sypports for screens shall have the minimal frontal area consistent with strength and stif
purpose. ffor example, no single transverse member should present a blockage greater that 2 %

shall ensute that the screens are not allowed to bow in<the middle.

NOTE 40

A\n antiswirl device makes an excellent screén support, see figure 17 c).

Screens shall be accurately cut and a suppofting ring with a radial thickness of 0,012d or 8 mm max

The supports

and 0,0084 or
it the wall.

e movement of
hroat velocity.

the differential

3 mm min| and a length of 0,054 max. shall'be fitted, or other means adopted of eliminating leakage

25.3 Inlet zone

25.3.1 Wjthin the inlet zone defined in figure 17 c), there shall be no external obstruction to the freg
the air entgring the inlet, and-the velocity of any cross-currents should not exceed 5 % of the nozzle

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

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

25.4 Copical inlet performance

25.4.1 A conical inlet manutactured In accordance with the above requirements may be used u

pressure ratios rq = 0,96, i.e. Ap <4 000 Pa.

ncalibrated for

25.4.2 The compound coefficient aeis dependent on the Reynolds number Re; and is plotted in figure 22.

Conical inlets shall not be used when Re; < 20 000.

25.4.3 The mass flowrate is given by the following expression:
2
d
m = OET a4 V2pudp

where p,, is the upstream density calculated in accordance with 22.3.5.
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e =mloglRe,) + €

Compound flow coefficient ae

0,99

0,98
Duct diameter
d=z2m
d=16m

0,97

g=12z>m

0.96 /? g=im

_
/ 7 d=063m
"
0.96 pZ 7/,/44 d=05m
—
0,93
20 30 40 60 100 200 300 400 1000

Reynolds number Ry x 1073

Ford<0B m:m=0,01107, ¢ =0,882 4, ae max. = 0,94
For 0,5 m|< d <2 m: m=0,009 63 + 0,047 83d + 0,065 3342,
¢ =09715 - 0,205 84 + 0,055 3342,
asmax. = 0,913 1 + 0,062 3d — 0,0156 7d2.
Ford=2m:m=0,3459, c = 0,781 2, e max. = 0,975

Figure 22 — Compound flowrate coefficient o ¢ of conical inlets

25.5 Unceftainties

25.5.1 The dncertainty inthe compound coefficient ae and that in the flow coefficient a are the samg. The basic
uncertainty, applicable”when Re; = 3 x 105 and when no screen loading is allowed in the connection piece is

+ 1,5 %. To this shall-be arithmetically added (if applicable) the next additional uncertainty associated with low Re,
and screen Idading. :

25.5.2 The additi
4
+ 2x10 1
Red 15

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 aeis 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 ISO 3966 or
by means of a primary device with an uncertainty of flowrate coefficient not exceeding 1,0 %. The overall

uncertainty of mass or volume flowrate measurement with screen loading in accordance with figure 17 ¢) may then
be takenas =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 ISO 5167-1). The ducts shall conform to the requirements of the
relevant test method.

26.2 Orifice plate

26.2.1 The orifice plate and the associated pressure tappings shall conform to the dimensions shown in figure 23,

to the addftional requirements o1 this clause and 1o 150 b16/-1.199T, clauses 7 and 8.
Two alterrjative types of tapping are available, the piezometer ring being generally the more conveanient for small
ducts and fthe wall tapping for larger sizes, although neither usage is exclusive.
0 0,10 Ly @ @
A\ V/4
L 7 ILﬂ g 1+  db — ] g -
Q | R ~ . N N B -]
s o— - Y /// é\\\
| ] I Four corner tappings or piezometer slot
Z Wall tappings complying \
with clause 7 b) In-duct orifice with corner taps
x)|Lg =050 0,020 for 3 20,6
Ly =050 £0,010 for 3 > 0,6
a) In-duct orifice with taps at 0 and 0,50
R 104 mir. e*
_ a\) V%
. Vi o,
=
N
2 / 2|3 €3 s |
o ; Elo Elo s
A ol Q Qv Qfw .
— b TR T I Y
’ No obstacles s & s & é\f\ddit_ionat thickness, if required,
within this = to stiffen diaphragm
See 26.10b) 0,050 max.
x) 0,0050 = e = 0,020
See 26.10a) d) Detall of orifice plate

Corner tappings or
piezometer slof

c) Inlet orifice with corner taps

Figure 23 — Orifice plates and assemblies
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74

Wall tappings complying 2d min.
with clause 7

0.150 x 0,150 0.450 10,3750(0,3750

See 30.2d)2) 7 —_—
Il %

““N\
R 4d min.

|

|

|
-

|

|

|
1

|

l No obstacles l

1 within this
L space ’

1) Carrier ring

with annular slot r/ “

2) Individual tappings

e) Outlet orifice with wall tappings

tappi
Pressure tappings o)

| ( Carrier ring

g IS

o0
od

Flow direction

[V~ i N T Y

(7]

J

: Thickness of the slot

: Length of the upstream ring

: Length of the downstream ring
: Diameter of the carrier ring

: Width of the annular slot or

diameter of single tapping

: Distance from upstream step

to carrier ring

: Diameter of pressure tapping

b<j<10

gh = aD

f) Corner tappings
Figure 23 — Orifice plates and assemblies (continued)
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K See 30.2d)2)

®ds
|

@ L Ds

‘ No obstacles

®D.

1ISO 5801:1997(E)

NOTE - Orifice plate fastening:

- by flange: infernal diameter = Og

thickness = 0,010

- by ctamp: total thickness = 0,150
radial obstruction = 0,150 above DOg

within this
space -é_| I
yass3 656 o456
0,10, 0,1505 = 0,150

g) Intet orifice with wall tappings

e’ e’
N %
ZN Y]
]
AN
w
O. 30n
— - __.-.,V‘ 3 1. o o>t _HHH--- -
s s s s
7
ZN\
I\ N
\ “
e e
o
Inlet orifice Outlet orifice
e’z 0,0030
e =0,01d
NOTES

1 Chamfer for e’z 0,01d

2 Where the orifice plate is bolted to a supplementary plate:

d’=125d + ke’

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

Figure 23 — Orifice plates and assemblies (continued)
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Settling means (see 31.1)

> 0,650n >0,50n

0,250 > 0,40n

| I
—-——;-—:—-——-——-~—-—-—%

|
L ¥/ It
B05

0.050, £0.010n 0,050 £0,0104

M
Flow straightener [30.2d)2)]

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

w=0,0750, + 0,00504
e < 0,0050,
J) Detall 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 exceed
0,00044. These conditions may be met by machining the orifice plate, fine-boring the orifice, and then finishing the
upstream face by a very fine radial cut from the centre outwards.

26.2.3 The orifice shall be cylindrical within + 0,000 54, its diameter being measured to the nearest 0,001d. After
assembly, the orifice shall be coaxial with the upstream duct within + 1° and + (0,005D)/(0,1 + 2,334).

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 10-4d. Any gasket sealing the plate and the duct flange shall not project internally.

26.3 Du

For in-duc
nearest 0,
between t
be noming

The length

A flow strg
downstrea

cts

orifices in accordance with ISO 5167-1, the upstream duct diameter D shall\be dete
D03D, as the average of 12 measurements at about 45° in three cross-sections equ
ne upstream tapping and the section at 0,5D upstream. It is sufficient for the downstrea
ly cylindrical and of diameter D + 0,03D.

of the upstream and downstream ducts is given in clause 7 of 1ISO 5167-1:1991.

ightener as shown in figure 55 or 57 shall be fitted in the upstream duct. The length of thd
m ducts and the installation conditions are given in clauses 7and 8 of ISO 5167-1:1991.

26.4 Pressure tappings

26.4.1 W,
The axis o
inclined at

The dimer
case of co
orifice pla
dimension

26.4.2 Pi
radial dep
sectional

tapping ca

The bore
diametral §

bll tappings shall be four in number, in accordanceswith clause 7, and in the locations shoy
f each tap should intersect the duct axis at right’angles, except in the case of corner taps
an angle sufficient to enable them to be satisfactorily drilled and connected.

sions of the wall tapping holes shall canform to the dimensions shown in figure 2, excd
rner taps, no part of the hole should extend more than 0,03D for B < 0,65 or 0,02D for 8

bzometer rings take the form of a continuous circumferential slot of axial width a to the o
h 2a minimum. Width(a)yshall not exceed 0,03D for =< 0,65 or 0,02D for 8> 0,65. Prov
rea of the circumferential recess is at least equal to the minimum indicated in figure]
h be used for conrection to the manometer.

pf the piezamyeter carrier ring shall not protrude within the bore of duct of diameter D
llowance 6f'0,04D being made to accommodate out-of-roundness in the duct.

26.5 Ca‘culation of mass flowrate

rmined, to the
blly distributed
m side duct to

upstream and

vn in figure 23.
which may be

ept that, in the
0,65 from the

e at the point where the hole.breaks through the carrier ring. Any gasket shall be included in this

rifice plate and
ded the cross-
23 1), a single

at any point, a

2

Qm:aen%— 2p Ap

where py i

s in accordance 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 (ISO 5167-1):

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

The orifice diameter d shall not be less than 12,56 mm (see ISO 5167-1:1991, subclause 8.1.7).

77


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

ISO 5801:1997(E) © ISO

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

— The expansibility factor, g, 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:
Rep = Dvp _ Agm _ aed? F: agfd |2Ap
1% nDu vD Pu v Pu

—
dvy [3q,, _atd |25p
v ndu v Pu

Red

where u is cal¢ulated in accordance with 12.3.

The kinematic|viscosity v is given by the following expression:
u

v=-"-
Pu

Strictly speakipg, the derivation of Re from a test value of Ap requires an iterative calculation since « and g,, are not
known. Only g rough approximation of Rep is needed, however, and it may,be considered sufficient to calculate Rep
or Rey from thg first approximation of g,.

For inlet orificg it may be sufficient to take the dynamic viscosity u as, its value for standard air: =18 x 10-6 Pa-s.

In this case,

1
Rep =2 Mm 103
D

or

Red=7—1}”lx103

where D and { are expressed in metres_ and g,, is expressed in kilograms per second.

26.7 In-dugt orifice with D and D/2 taps [see figure 23 a) and ISO 5167-1]
The following|conditions shalkapply:
Ap = py 1 Pdo = Pe(i 5 'Pedo

Pdo/pu = P.75

i th h At doncitv at thn tinctraam tannina (ean 29 2 £ 9\
pu is the-sirdensity atthe upstrearmtapping{see22.3.5.2).

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

The flowrate coefficient a is given by the Stolz formula:

_ 4\ 05 21 8
a=(1-p 0,595 9+0,03128%1 ~ 0,184

0,75
6\ -1
+0,00298%° (JRQ—] + 0,039ﬁ4(1 - /34) -00158p°

€D

and is shown in figure 24.
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5073
& Rep
[«
b+t
@ 0.72
pd 5 x 10"
z / s
= o7 //110
/ "
107
0.7 /////71
/ / /.7
UG = o i
' - / 0.69
/%68
0,68 =
/ o6

\
W\

0,67 //1 - P
/ 0.64 A 105
0.66 == 063 ’/ 108
0,62 )t é /62
0.65 / / 7/0 5
064 // /A%SB
/ / %56 B=d/D
0.63 - ///A ///054
// ASZ 2% 10
0,62 7 0> /] 5 x 10—
, — A
" y7
)y
: 5703 ZZ
_~ % /0.4
06 / /0.35
' oy 025 0.3 B =d
0,59 | l

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

e:1—(o,41+o,35;3“)—/§‘i
KPy

and is shown in figure 26.

The uncertainty with which o is known is 0,6 % for Rep = 126082D (D in millimetres) for =< 0,6 or f % for
0,6 < B=0,75 provided the straight lengths of the ducts are in accordance with ISO 5167-1:1991, 7.2. An

,,,,,,,,,,

The uncertainty on g, in percent, is

P
Pu

26.8 In-dugt orifice with corner taps [see figure 23 b) and ISO 5167-1]
The following|conditions shall apply:

Ap = py 9 Pdo = Peu — Pedo

Pdo/Pu = P.75

pu is the air density at the upstream tapping (see 22.3.56.2).

B=d/D, dnd shall be not less than 0,2 nor greater than 0,75.
The flowrate ¢oefficient ais given by the Stolz formula:

-0,5
o= (1 - ﬁ“) 05959 +0,031 282" - 0,18488 + 0,002 982° (R

0,75
108
()]

and plotted in| figure 25.

The expansibllity factor €is given by:

e=1-(041+0,35ﬁ4)i‘£

Kpy
and plotted in figure 26.
The uncertainty with which o is known has the same value as for taps at D and D/2 (see 26.7) provided

Rep = 5pP00for0,2 < pB=<0,45

Rep=100007or 0,45 < < 0,75

26.9 Outlet orifice with wall tappings [see figure 23 e) and h)]
The following conditions shall apply:

Ap = py = Pa = Peu = Pes

where p, is the ambient atmospheric pressure.

puy = air density at the upstream tapping determined in accordance with 22.3.5.
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Figure 25 — Flowrate coefficient, o, of in-duct or outlet orifice with corner taps
(see 26.8)
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W
s 1
>
;_é 000
oo
g bp
b £=1-(041+0350% 5= (see 26.7)
0,98
0.97 N \
0.95 \\§\\
0.9 ‘\\ N\
\\Q\
\ =d/D
0.93 \\ N !
\ \\ 01002
0.4
\ 05
0.92 \
\Z
\0,65
0.91 N 0.7
0.75
0.9
0
0 0.04 0,08 0.12 0.16 0.2 0.24 0.28

Differential pressure ratio Ap/py

Figure 26 — Expansibility factor, ¢, for orifice plates in atmospheric air (see 26.7, 26.8 and 26.1 0)
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B =d/D shall not exceed 0,5 (or 0,7 with additional uncertainty).

aeis given by the following expression and plotted in figure 27 as function of
Pes _Peu_, __ 4P
Pa Pa pu—Ap

ae=A [1— rap(B - CrAp)]

where A, B and C are respectively equal to

A=0,5993+0,159 982 - 0,915 634 + 6,567 586 — 9,142 988 for B < 0,5
A=0,6(2,04)B3%for B> 0,56

B =0,349 + 0,070 182 + 0,24354 + 0,1136
C=0,475 7 + 0,058B2 + 0,224 + 0,256

The uncertainty with which ag is known may be taken as +0,5 % provided B is not(greater thap 0,5 and the
Reynolds number referred to the orifice diameter d is not less than 105. The latter -condition requires that, for

normal atrospheric conditions Ap is not less than (2 000/d)2, where d is expressed:.in-millimetres.

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

The following conditions shall apply:

The other femarks of 26.9 shall apply.

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

Two types|of setup may be used:

In the twol|cases-the following conditions shall apply:

Ap = feu — Pedo = Pu — Pdo

The temperature ¢, is measured in the test chamber.
6y =Qsg, =1, +27315
B = d/by, shall not exceed 0,25.

aeis determined in accordance with 26.9.

The ekternal diameter of ‘the orifice plate is more than 1,65D, D being the diameter of the down-stream duct
[see figure 23 c)].

The external diameter of the orifice plate is more than 1,05D.

Ap = p4=)Pdo = Pe5

where p, is the ambient atmospheric pressure.

a)

p=

p =2 = _Pa_
! RW@U Rw@a

External diameter of the orifice plate more than 1,65D.

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

B 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, ¢, is given in figure 28 as a function of " only.
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Figure 27 — Compound flowrate coefficient, a ¢, of outlet orifices with wall taps (see 26.9)
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0,61

0,6

Flowrate coefficient, a

0,59

0.1 0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Diameter ratio 3°= d/0

The expan|
£=1-

valid for

Ap
Pu

and is plot

Figure 28 — Flowrate coefficient, o, of inlet orifices with corner taps [see 26.10 a)
5ibility factor, €, may be determined by

(0,41 + O,35B4)-Al —1_oamlr

Kpy Kpy

0,25

ted in figure 26.

The unce:ltainty with which «a is known may be taken as #156 % provided Re,; is not less tha

condition

1004

d
where d ig
The uncer
+48
P
b) The eX

B’ =d/D sh
ais nota

The expan

equires that, for normal atmospheric conditions, Apis not less than

]2
expressed in millimetres.

ainty, in percent, with which gis known may be taken as
P _ 48P

f Pa

ternal diameter of the orifice plate is more than 1,05D

all be not less/than 0,20 and not greater than 0,75.
unction'of.f’ = d/D; ais constant and equal to 0,6.

sibility factor, £ may be determined by

h 5 x 104. This

e=1-0412F

valid for

Kpy

— =0,26

Pu

and is plotted in figure 26.

The uncertainty with which a is known is + 1,5 % provided
Rep=5000for0,2=<f <045
Rep = 10000 for 0,45 < ' < 0,75
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The uncertainty, in percent, with which gis known is

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

The following

conditions shall apply:

Ap = pa = Pdo = Pes

where p,

B’ =d/D ig in this case the orifice ratio to the downstream duct.

B shall ngt be greater than 0,7. There is no lower limit except for the minimum d specified in 26.5.

£=1-1,)(0249 - 0075 71y, )

27 Detern

27.1 General

For standard
locations of t

the working f

Measuremen

International

and apply a {
velocity at the section\with an uncertainty of £ 2 %.

27.2 Pitotistatic tube

is the ambient atmospheric pressure.

©1SO

Py PN s
e uersit

ps = Ap/(pa - Ap)

hination of flowrate using a Pitot-static tube traverse

zed airway tests, only traverses using Pitot-static tube in cylindrical ducts are reco
ne traverse planes will.be those shown in figures 70 e), 72 d) and e, 74 f) and g), 75 b) an
uid will normally be atmospheric air.

ts may be made and corrections applied in accordance with ISO 3966, but for the purp
Standard, it is_poSsible to measure uncorrected velocities at the points specified, average
ingle corregtion factor a given in 27.6 as a function of Reynolds number to determine

v
(&2
X
N
(]
=

jnized. The
d 76 g), and

bses of this
the results
he average

The instrument shall conform to the requirements of ISO 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).
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N
NOTES

Headl shall be free from nicks-and burrs.

All gimensions shall be within'+2 %.

Surflace roughness shaltl be 0,8 ym or better.

Thestatic orifices may not exceed 1 mm in diameter.

The minimum Pitot.fube stem diameter allowed by this International Standard
is 2,p mm. In nd\Case shall the stem diameter exceed 1/30 of the test duct
diameter.

Stagnation pressure

VIS WN =

a) AMCA type

Figure 29 — Types of Pitot-static tubes
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b) NPL type with modified ellipsoidal nose

Figure 29 — Types of Pitot-static tubes (continued)
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20d

6d (14d)

|
|
A-A B-B =

(Entarged) (Enlarged) ‘

8x®0,1d 0.8d m

X

(Entarged)

30°

od

® 0,4294,

= 0,5d

< m v

® 0,125d

r=d

NOTE - Static-pressured taps may be Limited fo those indicated on section A-A,
in which case section A-A shall be placed at 6d from the tube tip.

c) CETIAT type

Figure 29 — Types of Pitot-static tubes (continued)
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Dimensions in millimetres

© . N
8 .
)
5d 3 Qﬁd
~ N
20d |
T
N ¥
|
|
|
A-A ‘ N
(Enlarged) E:
3 '
8x®0,1d o ‘
|
|
&
A |
@d,
k. ®6
d) DLR 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 d;, in metres, should exceed 200.
This means that, for tests with atmospheric air, the velocity, in metres per second, should not be less than:

v = 3/d

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 off the Pitot-static tube shall be aligned parallel with the airway axis within + 2°.

The distancp of the measurement points (when 8 per diameter) from one inside wall of the airway ghall lie within
the limits given below, except that the minimum positional tolerance shall be + 1 mm.

0,021D|+ 0,000 6D
0,117D|% 0,003 5D
0,184D|+ 0,005D
0,345D]+ 0,005D
0,655D|+ 0,005D
0,816D|+ 0,005D
0,883D|+ 0,003 5D

0,979D(+ 0,000 6D

0.0210

0,170

0,1840

0,3450

7
7

0.8160
0.8830
0.9790
@0

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 Ap; across the Pitot-static tube shall be measured.

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

2

10, 05
M =|— Y ApY

1 2
App = r (\/AM + APy +---+\/Apn)-|

J

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

1

Pex =; Pex1t Pex2 ...+ PeXn)

Px = Pex|* Pa

and the stati¢ temperature ©,, given by the following expression:

k-1
Px K
O, =0 _
X = Iipx +Apm:|
—_Hx
Px RO,

The mass flowrate g, is given by:

D2
Gm = OLE[L == 2pApm

where

0,5

™
1l

-
l

2
1 B, K+1(Apmj
K px 6K XX

is the expangibility facfor’ o is the correction factor or flowrate coefficient given in 27.6.

27.6 Flowraté coefficient

The flowrate toefficient o has been derived by apptymng each of the correction factors specified i 1SO 3966 at an
average value of the variables appropriate to tests with atmospheric air complying with this clause. The coefficient
ais dependent on Reynolds number which is derived from the diameter D, and average velocity vy at the section
as shown below.

Repy = 2Bk _ Adm 79,103 4m.
H Dy Dy

for atmospheric air and with Sl units.
Repy 3 x 104 105 3x 105 106 3 x 108

o 0,986 0,988 0,990 0,991 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 + 1,1 %. 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 1,2 kg- m-3 is shown below:

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

16 m-s-1 13m-s-1 9m-s-1 6m-s-1

28 Types of instailation and setups

There are ffour types of site installation which can be used for fans:
Type A: frge inlet and free outlet;

Type B: free inlet and ducted outlet;

Type C: dlicted inlet and free outlet;

Type D: dlicted inlet and ducted outlet.

The test ipstallation shall reproduce as much as possible these.Working conditions

uce as much le the therefore four types of test set-
up have bgen defined.

2, WMITITIUIT W LY

28.1 Type A: free inlet and free outlet
In order tq qualify for installation type A, the fan must be tested without any auxiliary device added for the tests, for
instance iplet bell or outlet duct, but the auxiliariés supplied with the fan, i.e. protection grid, inlet bgll, etc., shall be
fitted.
An inlet of 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 t¢ qualify for installation type B, an outlet duct with straightener shall be used, which be of the short duct
variety when there is no swifd 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 outletpressure is measured in the outlet duct after an antiswirl device. Duct and antisyvirl device form
a common segrment at the fan outlet (see 30.2).

When an outtetchamberts uocd, anc-wherthere s mo-swirt-flow-at-the fan uuﬂct, palti\,u:al:y for bentrifugal 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 C, an inlet duct simulation shall be used and no outlet duct or auxiliary device
shall be used, except those supplied with the fan (protection grid, diffuser, etc.).

When the inlet pressure is measured in the inlet duct, a common segment at the fan inlet is used (see 30.3).
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 tan outlet.

For large fang (800 mm diameter and larger) it may be difficult to carry out the tests with the” st

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
with a duct of [length 2Dy, on the outlet side.

Results obtained in this way may differ to some extent from those obtained by using-cormnmon airways
inlet and outlgt side, especially if the fan produces a large swirl. It is still a subject, of fesearch to deterr
method gives fthe most representative values.

In this case, [the outlet static pressure is not measured in the outlet~duct but considered as ed
atmospheric pressure.

28.5 Test installation type

f) and 30.4

bn both the

To identify th

additional lettgr indicating the test installation type.

PFA: PFB:

DFC OF PFD

PsFA: PsFB: PsFC Of PsFD

NrAs By

IrC OF D

29 Component parts of standardized airways

29.1 Symbols

The following
clauses 30, 3]

29.2 Component parts

e performance, the symbols of the characteristies influenced by the installation type, shall have an

graphical-symbols are used to specify the component parts of the standardized airwayg defined in
P, 33, 34:and 35. Each component shall comply with the relevant description specified in 29.2.

29.2.1 Figure 31 symbolizes a cylindrical duct of internal diameter, Dy 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.
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29.2.2 Figure 32 symbolizes a group of wall tappings for the measurement of average static pressure, pey, at
section x. The wall tappings and their connections to the manometer unit shall conform to clause 7.

O,
3

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 overcomé the flow resistance of the test airways.
Flowrate gontrol may be secured by speed control, pitch control,cdamper or otherwise, provided the flow remains
steady at ¢ny control setting.

An antisw]rl device shall be interposed between the auxiliary, fan and any test airway to which it is connected.

qHC

Figure 34 — Symbol for auxiliary fan

[T

29.2.5 Figure 35 symbolizes a flowrate control device at the inlet or outlet of a test airway. The deyice should not
introduce pwirl or unsymmetrical flow about the duct axis. An auxiliary fan may form part of the devige.

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 0,056D 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 0,054 max. shall be fitted or other means adopted for eliminating leakage at the wall.

Figure 36 — Symbol for in-duct flowrate control device
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29.2.7 Figure 37 symbolizes a standardized flow straightener designed to dissipate any swirl energy at the fan

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 Figurg 39 symbolizes a thermometer inserted in a test chamber or duct to determine the average
temperature gpplying to plane x. It should be located so as to avoid significant disturbance of the flow over wall
tappings or info a flowrate measurement device.

Figure 39 — Symbol for thermometer inserted in test chamber

29.2.10 Figufe 40 symbolizes a conical tfansition section joining two cylindrical ducts or a circular fan qutlet and a
test duct, defiped 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 - 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

96


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

©1S0O ISO 5801:1997(E)

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 devige shown below shall comply with the relevant clause for dimensions, dimensional tplerances, and
methods of measurement.

__‘?______w

e

Figure 43 — Inlet ISO Venturi-nozzle (see-clause 22)

B I s

—_—— 1

1T A

Figure 44 — In-duct ISO Venturisnozzle (see clauses 22 and 23)

Figure 45.-—/Nozzle used in a test chamber (see clause 23)

—

h|l'_

Figure 46 — Quadrant inlet nozzle (see clause 24)

N

R3]

Figure 47 — Conical inlet nozzle (see clause 25)

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 clause 26)

—
I

Eirnmuira B0 — Nuitlat arifica with wall tane (can clatica 2R)
g 31 Uo7 Oritice WiTh wWall 1af

©1S0O

Figure 51 — Inlet orifice with corner taps (see clause.26)

e
e

Figure 52 — Iniet orifice with walltaps (see clause 26)

4

Figure 53 — Pitot-static traverse for flowrate determination (see clause 27)

30 Common airway segments for ducted fan installations

30.1 Common segments

Standardized [airways for type B, C or D ducted fan installations incorporate common segments adjacerjt to the fan
inlet and/or olitlet which’are described in this clause.

Pressure mepsurements are made at the outer ends of these common segments and geo

strictly limited

30.2 Common segment at fan outlet

metric vdriations are
= Jther.

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 cylindrical section, together with a set of wall
tappings in accordance with clause 7. A transition section may be used to accommodate a difference of area and/or
shape within the limits indicated in b) and c) below.

Figures 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 D4 = D5 (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 0,007Dy.
The length of the straighteneris 2D4 =1 %.

Fan

60,

1]

20, 20, D,

Figure 54 — Circular fan outlet for D, = D3

b) Circulaf fan outlet when D4 # D, (see figure 55)
0,95 § (D4/D5)?2 < 1,07
Lty =Dy

NOTE 41 The transition section is conical, and the friction loss/coefficient is that of a duct of diameter D4 and length Dy,

Fan

60,

L1 D, 20, D,

Figure 55 — Circular fan outlet for D, # D,

c) Rectangu!nr fan ol |1'|n1" b xh, where b >} (see fignrp Ra)

0,95 < D3 / 4bh < 1,07

L1, =1,0 D4 when b < 4h/3
Lo =0,75 (b/h) D4 when b > 4h/3

NOTE 42 The transition section is formed from sheet material in a single curvature.

99


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

ISO 5801:1997(E)

50,

0,

Fial Lb>14
-

© SO

d) Circular o

For an outlet

The antiswirl
and length L.

1) Forano
w=0,07
L=0,45]

e < 0,00
All dimensior]

2) Forastr
w=0,15
e < 0,00

L =0,45

I rectangular fan outlet where 0,95 < Ay/A4 < 1,05 (see figure 57)
duct with cell straightener:

device consists of a nest of cells of equal cross-section (hexagonal, square; etc.) each V
The vane thickness e shall not exceed 0,005D.

mal duct straightener:
bD,4 between axes

D4

5D

s shall be within + 0,005D except e.

hightener upstream of an orifice plate with walktaps [see 26.9 and figure 23 €) and g)l:

vith width w

100

Pe
3Dg
De
Fan
[
3,50, 50, 150,
A i
i —= %_____J,___.
\ l_—, W
@ ‘
(z100,)
A
(Enlarged)
L
X
Q
LS

Figure 57 — Circular or rectangular fan outlet where 0,95 < A5/A; < 1,05
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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 ¢).

= ——
- —~l— bxh >
e

Figure 58 — Transformation

@0,

f) Specia[tasetsees figure 597

In the parficular case of tests on fans of type B or D without significant outlet swirl, such as d-¢entfifugal volute or
cross-flow fan, a simplified outlet duct may alternatively be fitted when discharging to atmosphere pr a measuring
chamber. |This duct shall be of the same cross-section as the fan outlet and the (ength shall be the value
determingd by the expression in figure 59 a) or b).

L L

»
5
\

4 boh 20b4h,-hy)
Lzz,/_Z_._Z [s 2220727 7S
T ba+ hy

for 0,9 = hp/hg=1 for 0.5 = hy/hg= 0,9
a b)

hy
h

ha

Figure 59 — Special cases
The tolerance on the cross-section ef\the duct is + 0,01 (1 %) of the fan outlet area.

30.3 Common segment at fan inlet

This comprises the sectianof the inlet side test airway adjacent to the fan and incorporates a set of wall tappings in
accordande with clause 7-ds shown in figure 60.

A transitign section*may be used to accommodate a difference in area and/or shape within the limit$ specified in b)
and c) belpw,

. . . \
a) A circutaffarintet-when Dy=D1 {see flgutc 66}

Fan

Figure 60 — Circular fan inlet for D3 = D,
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b) Circular fan inlet where 0,975 Dy < D3 < 1,5 D, (see figure 61)
NOTE 43 The transition section is conical, and the friction loss coefficient is that of a duct of diameter D3 and length D3.

Fan

Figure 61 — Circular fan inlet for 0,975 D, < D3 < 1,5 D,

¢) Rectangular fan inlet, b x h (see figure 62)

The section afijacent 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 Lgq is given below:

2
%3_ > 0|95bh

44n
Lg = —
s1 n

There is no upper limit on D3 or on the aspect ratio b/h (Where b > k), but the included angle of expansign between
the short sidgs should not exceed 15° and the included angle ef\.contraction between the long sides|should not
exceed 30°. The transition section has the form described in 30:2 e).

Fan
D3 | D3l 0;ming Ls
- .
® ®
Figure 62 — Rectangular fan inlet
d) Circular of rectangdlar'fan inlet where
0,925 < H3/A;'€ 1,125
[see figure 63-and-36-2-d-H}
Fan
8.50; L3
04503 | | 505

1003

Figure 63 — Circular or rectangular fan inlet where 0,925 < A3/A < 1,125
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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 is
appropriate when the test airway of diameter D3 is sufficiently large to contain the whole of the bell-mouth entry.

Lgy =Dy

for a circular fan inlet subject to the conditions given in 30.5 a), and

4bh
Ls = \/ -
T

for a rectangular fan inlet.

Fan

Figure 64 — Circular or rectangular fan:nlet

30.4 Outlet duct simulation

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

The outlet| simulation section takes the form of the common segment defined in 30.2 a), b), c),[d) 1) or f), as
appropriatg. The outlet of the common segment is deft open to the atmosphere, but the outlet-sifle pressure is
measured py 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 casp, by mutual agreement between the parties concerned, the fan performance may be me¢asured with a
duct of 2D}, on the outlet side.

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

In this casg, the staticpressure peq is Not measured at the wall of the outlet duct of length 2D. This ptatic pressure
is taken equal to thé atmospheric pressure.

30.5 Inlft 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 D4, 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

©1SO

The simulation section should have the same rectangular cross-section, bx h, as the fan inlet to which it is

attached, and its length Lgq given by the following relationship:

h
Loy =q—
n

A bell-mouth entry should be fitted.

30.6 Loss allowances for standardized airways

1avs frintinm in tocto o

T

depend on the Reynoids numi
smooth ducts, irrespective of the actual flow pattern produced by the fan.

The conventi

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

g ( Repa )-0,1 2

«

s=09

and the cony
following exp

(¢2-4)a

ression:

=3A+0,95(Reps) 7

=0,015+126 (Reps ) " 1 0,95 (Reps ) "2
where

¥maDaps _ VipaDs 108
Ha 15

Reps =

for standard Tir.

ber Rep of the flow in the test airway, and 'are ba

entional loss coefficient ({; - 4)4 between the fan outlet and the measuring plane 4 is g

sed on fully

utlet or inlet
ections are
y cover the

pression:

iven by the

The loss coefficient ({; _ 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:

P4 vﬁm
2

Apy_4=(62-4)a Fyva

30.6.2 Loss allowances for common outlet segments described in 30.2 d)1)

The coefficient of friction loss A for a duct length equal to the diameter is given by the following expression:

A=014(Repng) "

and is shown plotted in figure 65 b).
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The ratio of equivalent length of a cell-straightener to hydraulic diameter Dy, (D, = D4 for a circular duct) is given by
the following expression:

L 15,04

Dy L7183
1- 26,65 — +184,6 (i}
D

h Dy,

The conventional loss coefficient of the common outlet segment described in 30.2 d) 1) is given by the following
expression (see figure 57):

(52-4)4 =A[L2_4+ = ]

DhA DhA —+

where L, {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 ffiction shall not be considered.
30.6.4 Energy loss allowances for common inlet segment described in 30.3°a), b) and c)
The coeffigient of friction loss A is given by the following expression:
A=0/005 +0,42 (Repg )
and
(¢1-4)3 =0015 +126 (Reps) >
where

- Vm3D3p3 ~ Vm3D3 % 106
13 15

ReD3

in standard air.

The conventional loss coefficient
(¢3-{3=-(¢1-3)s

is always megative and is shown in figure 65 a).

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

2
Apz_ =(Cs—1)3 p32Vm3FM3

30.6.5 Energy loss allowances for common inlet duct with cell straightener describéd in 30.3 d)

The coefficient of friction loss A is given by the same expression as in 30.6.2.

0,17
A=0,14(Repp3)

where
Repps = m3Ph3Ps _ inalha, 406

K3 15

in standard air.
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0,5 \

0.4 A

Conventional Loss coefficient, &

(&2-4)
o3 \ 2-4h

0,2 ™.

N \\
\ T~
N
0.1 >
\\&1)3
——

10 5x10°10*  5x1010°  5x10°10° _ “5x10°107  Sx10710°
Duct Reynolds number, Rep

a) Conventional Loss coefficient for standardized alrways (30.6.1 and 30.6.4)

<
= 0,03
u
=
Z \
3
o \
E
= 0,02
=]
I9]
[
L
~—_
0,01 —
10* 5x10*  10° 5x10°  10° 5x10® 107

Duct Reynolds number, Rep
b) Frictlon loss coefficient for ducts (30.6.2 and 30.6.5)

Figure 65 — Loss coefficients

The conventional loss coefficient between sections 1 and 3 is consequently given by the following expression:

Lq_
(C3—1)3=—Al1)—h33

It is shown in figure 65 a).

106

© IS0


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

©1SO ISO 5801:1997(E)

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

2
Vm3
AP3—1=(C3—1)3 - 2m Fvs

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 TesL chamber

A chamber|may be incorporated in a laboratory set-up to provide a measuring station or to,simulate the conditions
the fan is ekpected 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 witiout infringing on the minimum distance
shown in figures 66 and 67.

31.1.2 Pré¢ssure tappings

The wall tappings in the measuring planes shall be in accordanee“with the requirements of clause 7 and be equally
spaced arojund a cylindrical chamber or at the centre of each of\the sides of a square or rectangular chamber.

31.1.3 Flgqw-settling means

Flow-settling means shall be installed in chambers ‘where indicated on the test installation plans fo provide the
required flgw patterns.

If the meapuring plane is located downstream of the settling means, the settling means is providgd to ensure a
substantially uniform flow ahead of thesmeasuring plane. In this case, the maximum velocity at a distance 0,1 Dy,
downstream of the screen shall not exceed the average velocity by more than 25 % unless the maximum velocity
is less thanp 2 m-s-1.

If the meapuring plane is located upstream of the settling means, the purpose of the settling scregn is to absorb
the kinetic|energy of the upstream jet, and allow its normal expansion as if in an unconfined space| This requires
some bacHflow to supply. the air to mix at the jet boundaries, but the maximum reverse velocity shall not exceed
10 % of the calculatedmean jet velocity.

If measuring plan&s are located on both sides of the settling means within the chamber, the requirements for each
side as ouflined above shall be met.

Any combination of screen
reasonable chamber length for the settling means is necessary to meet both requirements.

ut in general a

Three uniform wire-mesh or perforated-plate screens adequately supported and sealed to the chamber wall,
spaced 0,1Dy, apart and with 60 %, 50 % and 45 % free 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 ‘
flowrate control and
measurement see .
figure 70 and clause 32 ‘

|

0,503 min.

1.7
0,30, 0,505 min.

© o

a) Inlet chamber dimensions

0,803

0
|
|

®

) Example of propeller fan

(@)

0.803

0,403

&

0,805 min.

c) Example of axlal fan

J L

—

|

d) Example of double-inlet centrifugal fan

0,805 min.

012503 x 0503 |

inlet

e) Example of cross-flow fan

NOTE — The fans illustrated have the maximum permissible dimensions
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Figure 66 — Inlet-side test chamber type 1
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ZO,SD3| | | | !0,503

®0;

Chamber diameter 03 = 2,504

Equivalent chamber diameter 03 = Vh3b3 = 2504
h 3 min. = 2011

b3 max. =15h3

A-A

(Variation)

a) Dimensions'of inlet test chamber

ISO 5801:1997(E)

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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Iz 0,303| = 0,505

0,50
3 | |

SR 1,250+
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A-A

SR 1,250

c) Minimum dimensions of extended test chamber for installation of two-flow fans
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31.1.4 Multiple nozzles

Multiple nozzles shall be located as symmetrically as possible. The centreline of each nozzle shall be at least 1,5
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 distance from the exit face of the largest nozzle to the downstream settling means shall be a minimum of 2,5
times the throat diameter of the largest nozzle.

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

31.1.5 Orifice plate in chamber

The orifice| shall be coaxial within the chamber within + 1° and + 0,005Dy, (see 26.2). The distancg between the
upstream fpce of the orifice plate and the exit of the upstream settling means shall be a minimufi)of 0,4Dy, where
Dy, is the hydraulic diameter of the chamber.

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

The distange between the inlet plane of the orifice plate and the upstream ahd) downstream pressure taps is
0,05Dy + 0]01Dy,.

The orifice[plate shall be in accordance with the conditions described in 26-2.

31.2 Vaijiable supply and exhaust systems
A means of varying the point of operation shall be provided in.adtaboratory set-up.
31.2.1 Ttlottling devices

Throttling flevices may be used to control the point ©f operation of the fan. Such devices shall be |ocated on the
end of the[duct or chamber and should be symmetrical about the duct or chamber axis.

31.2.2 Auyxiliary 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 adjugtment means,
such as dgmpers, pitch control, or.speed control may be required. Auxiliary fans shall not create surge or pulse flow
during tes

31.3 Standardized inlet test chambers
31.3.1 Test chamber

Three typgs ofzinfet test chamber are described in this International Standard (see figures 66, 67 and B8).

31.3.11

The test chamber cross-section may be circular with inside diameter D3, square D3 X D3 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 D3 X D3 or rectangular bz x h3, with
b3 < 1,5h3 and the equivalent chamber diameter:

D3 = " 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
> 0,50,
0,30, > 0,30,
— Fan
! E PLA PL2
[}
_| Il .
n |
$ |1} !
—= ——_-—”—“_——‘:—_'———‘_—_“_‘_‘ -
" 1
s ||:
—_— l ' 4
|1
1
Ly ﬂ
a) Pesg3
PL7 PLS
= 0,503 ] } > 0,505
20203 38 _| I 38 +6 =030,
T ] Fan
PL1 PL2
| h ﬁ |
]
B N
[ ese]
: A \ 1
~—F—— A — e ——
! |
— 1l 1k
! |
Ly (9
Pes Op Pesg3

Figure 68 — Inlet-side test chamber type 3
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31.3.1.3 Inlet test chamber type 3

The dimension D3 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

4h3by
s

D3:

The pressure-measuring plane 3 is:

— at least 0,3D3 upstream of the downstream end of the chamber:

— at leagt 0,2D3 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 FT under test

31.3.2.1 [nlet chamber type 1

The fan urjder test may have any inlet throat area A1 not exceeding
2
D5

8
or

D > BAy

for a circular chamber, where Ay is the inlet throat area“provided the inlet is coaxial with the chamber. Where this
is not pragticable, the total throat area of the inlet or inlets shall not exceed

D3
16
and the infets should be so located that'the flow remains as symmetrical about the chamber axis as possible.
Examples jof fans with maximum.inlet sizes are shown in figures 66 and 67.
31.3.2.2 |nlet chamber type.2
The fan urjder test mayhave any inlet throat diameter Dy not exceeding D3/2,5

or
Ay <|43/6,25

or

A3 =6,25 Ayt

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 1,25D4¢ 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

A3z = bA,

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 Dg, square Dg x Dg or rectangular hg X beg.

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

Dy = Ahebg

n

The fan outlet pressure pes May be measured either in the fan outlet duct or in the chamber. Outlet chambers may

be fitted with grwithoutmuttinozztes-for-flowrate-rmeasurement{see-figure-69)-
Dimensions if millimetres
PL6 PL& : PL6
> 050 J0 5050, |
L Fan Fan
= 0,306 38 +6 7 0,5/ 38 6
PL1 IP_Z PL4 PL1PL2 A
. T / I
] - |
Q -—1—-————--—-——‘»—:— —»«’7-——-A—— —_— ——1_-—‘— _— — —
A3 | |
| i i — | I r
| |
. 1k _ ITH l

Pes Pes Op Pes Peu DOp
a) b)
PL4 PL6 PL6
" > 2 - =2k
Fan J >0,50¢ £2.57 Fan =050, x2bd
0,5 3816 =030, 113826
PL1 PL2 { : # PL1 PL2PL4 : &
' - . '
/ or B / 3l
42 L et | |I: 42 L I i
| |
e L = i e e e === o
O T | [T Tt
SN | | | 0w
n | ! n '
Peu Peu Ap Pet Peu Ap
c) d)

1) The distance J shall be equal to at Least the diamefer of the outlet duct
for fans with axis of rotation perpendicular to the discharge flow, and fo 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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31.4.2 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 (4g = 94,) and a cross-sectional
area at least 16 times the area of the fan outlet or outlet duct, for fans with axis of rotation parallel to the discharge
flow: (Ag = 16A5).

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) inlet-side test chamber setup;

b) outlet-dide 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 measurementis specified |in each case,
together wjth the clauses and figures detailing the flow measurement procedure.

A commorp procedure, comprising measurements to be taken and quantities—to be calculated] allowing the
determinatfon of fan performance in type A installations, with 11 methods fordetermining flowrate|in the case of
inlet chamlper setup and two methods in the case of outlet chamber setup @re 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 tyvo simplified procedures may be followed when

— the reference Mach number Magt at the fan outletijsdess than 0,15 and the pressure ratio is mdre than 1,02;
— the reference Mach number May,t is less than 0,15 and the pressure ratio is less than 1,02.

Procedures for theses cases are given in 32.24x1}and 32.2.4.2.

32.2 Inlgt-side test chambers

32.2.1 Flgwrate determination

The flowrate is determined by

— Inlet 190 Venturi nozzle,)see figure 70 a);
— quadrdnt inlet nozzle; see figure 70 a);
— conica| inlet;-see figure 70 a);

— inlet ofifice 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 ISO 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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3ds min. Fan

1' 30° max. |li @ ®@

Ap Ap Pe3

a) Flowrate determination using ISO Venturl nozzle or conical inlet or quadrant inlet nozzle

L@ | i i =
:.,}; _________ ] L <___“i’_ﬁL___
T
Iliﬁ 0O,

b) Flowrate determination using inlet orifice with corner taps or wall taps

Fan
1004 min. 3,507 min.

45° max.

T
e T

De? Ap Pe3

¢) Flowrate determination using in-duct orifice with taps at O and 0,50 or in-duct orifice with corner taps

Figure 70 —Type A test installations (inlet-side test chamber)
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Fan
6,505 min. 3d min. [
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OO, ©)

30° max. Tl u
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\

/— In accordance with 29.2.8 @ @
\J

=
i
|
|
|
|
l
|
|
|
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\In accordance with 29.2.7

—

L - - T

>

Per P P

d) Flowrate determination using In-duct Venturi nozzte

— Variable supply system

\— Transition section PL3 _PL% 0.303 min.
|
1005 min. 0,305 min. 0,503 miny
40,2505 pLS Far
8,505 0 .
+0,2505 PLZ
505 0

|
|
—— R | I e
AN |
=" M

|
f3/-U
Straightener
Pes b8 Pesg3
Settling means
Pitot-static tube traverse

e} Flowrate determination using Pitot-static tube traverse

@05

L

0,103 min.

Variable supply system

PL3 PL1  0.303 min.

Transition section
|
r 05 min. P!'S Sds min. 0,303 min. 0,503 min.
PL? ‘ Fan
03 +0,0203 I
’ I PL2
| T
FV‘ I I |
- - rIL._._ i N |.
= = 7 Y ‘
IEsA ;!= '_'+"_'——' '—_'_'_'_{ 3 S— —
=V‘:' 7 — /“;
v . [}
8 1!
’- .;
Straightener or 3 li
smoothi eans Q
orhing m per Op Pesgy =

Settling means

Included angle suggested

1N D3 =1,9ds min.

f) Flowrate determination using in-duct Venturi nozzle

Figure 70 — Type A test installations (inlet-side test chamber) (continued)

117


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

ISO 5801:1997(E)

32.2.2 Meas
Measure

— rotational

Variable supply system PLZ PLS 2.5ds min.

0,203 min. 0,507 min.

| PL3 PL1 0.303 min.
|
38 +6 0,503 min.
| Fan
38 +6
| PL2
— ‘
l: ! % © ': !
i s ! i
Ili IS ’ “: S ‘
T T T el L SR R N
i) | I °) |
! |
iy L f Tt /F
f3 -U .g
Q
Per Bp Pesg3 ;

Settling means

g) Flowrate determination using multiple nozzles in chamber

Figure 70 —Type A test installations (inlet-side test chamber) (concluded)

purements to be taken during tests (see clause 20)

5peed, N, or rotational frequency, n;

— power, P4 P, or Pg and estimate impeller power (see 10:4) and power Pg, of an auxiliary fan;

— flowmete
— pressure,
— chamber
— chamber
In the test en
— atmosphg
— ambient t

— dry-and v

- differential pressure, Ap;

pe7 OF pes Upstream of the flowmeter:;

bressure, pea, for figure 70 a) to\d) and chamber stagnation pressure for figure 70 e, f) and
emperature, f3.

losure measure

ric pressure, pag»at the mean altitude of the fan;

brmperature hear fan inlet, z,;

et-bulb-temperatures, ¢4 and .

Determine th¢_ambient air density, p,. and the gas constant of humid air Ry, (see clause 12) |

32.2.3 Gene

ral procedure for compressible fluid flow

h):

'

© SO

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

32.2.3.1 Calculation of flowrate

32.2.3.1.1 The flowrate is determined by

— inlet ISO 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

Osg7 = @7 =1, + 273,15

__[P7

p7 R0,
After calculation of the dynamic viscosity of air in accordance with 12.3 and a first approximation of
number thrpugh the flowmeter, the flow coefficient ar and the expansibility factor € or theompound

may be determined in accordance with subclauses
22.3.2, 221
24.4 fora g
25.4 and fig

26.10 and figures 26 and 28 for an inlet orifice with corner taps;

26.11 fora

The mass f

dm =

When « is
account in

32.2.3.1.2

— in-duct

— in-duct

— in-duct
A control d

Assuming

P7 = P4

9597 = @sgB =3+ 27315= 68 +

07 = @sg7 -

P7

the mass f

S

.3 and 22.3.4 and figure 18 for an ISO Venturi nozzle;
uadrant inlet nozzle;

ure 22 for a conical inlet;

h inlet orifice with wall taps.

owrate is given by the following expression:

dZ
EM 75 w’2P7AP

a function of the Reynolds number\Re; or Rep, the variation of a with Rey or Rep shall
the expression above.

The flowrate is determinedsing

orifice with taps at D and-D/2, see 26.7 and figure 70 c);
orifice corner tapgs,‘see 26.8 and figure 70 c);

ISO Venturi nozzle, see clause 22 and figure 70 d).
evice or amgduxiliary fan with a control device is set upstream of the flowmeter.

hat

7 tPa

Fx OF Fox
am Cp
2
dm
2.2
247p7 ¢,
P7

" Ry,

lowrate is determined by the following expression:
2

nd
dm = € —f 2p7Ap

the Reynolds
coefficient ae

be taken into
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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:

aedsy2p78p 6

e e =
%~ (17.1+ 0,0481,)
or
Rep7 = Regsp

the flow coefficient o or the compound coefficient cce are determined in accordance with 26.7 and figure 24 for in-
duct orifice with taps at D and D/2;

26.8 and figunle 25 for in-duct orifice with corner taps;
clause 22 and figure 18 for in-duct ISO Venturi nozzles.

A first approimation of g,, may be obtained with @7 = O547, ©®7 may be determined and a-new value pf a and g,
calculated.

Two iterationg are sufficient for a calculation accuracy of 10-3.
32.2.3.1.3 The flowrate is determined using a Pitot-static tube traverse, see glause 27 and figure 70 e).

A control dev|ce or an auxiliary fan with a control device is set upstream of thé duct for flowrate measurement.

—

Assuming tha

P5=Pe5 T Pa
1 n

Pes =— ZPe5j
n =

4

9595 = 6593 =13+ 273,15

The temperature t5 in the test duct may be freasured and considered as a stagnation temperatufe, but it is
preferable to|measure the temperature in theschamber ¢3.

The mean differential pressure is given by:

2

p n
0,5
Apm =T 2.4
<

see 27.5

and the masq flow, is determined by the following expression:

m = A€ A5 2P5APm,
where

5= Rubs

k-1

59 ps + App,
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/2
1 Apy K+1.(Apm\
il et s
\_ 2k ps  6k‘ \ Ps

acis a function of Reynolds number Reps very close to 0,99 (see 27.6).

A first approximation of g,, is calculated with o =0,99 and corrected for o variation.

32.2.3.1.4 The flowrate is determined using an in-duct Venturi nozzle, see clause 23 and figure 70 f).

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

Assuming that

B, or P,
O3 =Psq3 = Ogq7 =13 +27315 = O + X —
dmCp
P7=Pp7 *+ Pa
2
dm
07=Psg7 — 5
2 .2
2A7p7¢,

The mass flowrate g, is given by the following expression:

ds
Im = Em =~ 2p7Ap
,-IZ “_‘n_‘_‘n
=Cen—= L
4 4

€ is the expansibility coefficient calculated n-accordance with 23.4.3 and table 5.

rd =1 -Aplp7
o is the flowrate coefficient equalto:
1 C
4
\ 1- (27 u.B

C ifthe nozzle disgharge coefficient, a function of the Reynolds number Rezs and of the shape of the nozzle
(4ee 23.4.2 and table 5);

oy, 19 a kineticienergy coefficient equal to 1 for a chamber approach and equal to 1,043 for a dugt approach;

B Hds/Dy
NZP78p
7 6
Regs = aeds —I17F 10
6db 5971400481,

For a first approximation:

0,95
= ———
Vi-oaB
__P7
s
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A first approximation of g,, may be calculated and with this value, @7, p7, Reys and « allow calculation of a new
value of g,,.

Two or three calculation steps allow an accuracy of 10-3.

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

@3 = Osg3 = Osg7 = O7 = 13+ 273,15

P7 =Pe7 + DPa
_p7{

pP7 R0,
d

==
Dy

The mass flowfate is given by the following expression in accordance with 23.4:

dm =ET

where

et

G

M=

u
]
Jjq1

2
ds;
[Cj T]j V2p7hp

is the|expansibility coefficient in accordance with 23.4.3 andable 6.

is the
Rede-

B=0and ;= q

Ci=q is ¢alculated in accordance with 23.4.2 and table 5;

n

is thel number of nozzles.

For each nozzlg, the throat Reynolds number Re s is estimated by the following expression:

ed5j = x10
71+ 00481,
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
figures 70 g) apd23 h), i) and j).

discharge coefficient of the jth nozzle, which-s"a function of the nozzle throat Reynoldls number

26.9.1 and

An orifice plate is fitted instead of the multiple Venturi nozzles.

Assuming that

122
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Dy


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

© SO

The mass flowrate is given by the following expression in accordance with 26.5:

2

dm :aenij—v2p7Ap

where aeis 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

ISO 5801:1997(E)

Assuming that

P3=Pep t+ Pa

__1P3

P3 R,03
In accordance with 14.5 and 14.6:

Psgi = P3 + P3 'ng P34 n p

sgl = P3 =, TP3t 55 = Psg3
2 2 A3p3
or
2 2
| Vm3 — 1 m_ _

Pesgl 5| Peg t P3 o T Pe3 +§gp3’ = Pesg3
This is valig for the setups in figure 70 a) to d). For thei$etups in figure 70 e), f) and g), the stagngtion pressure
Pesg3 is mepsured by a Pitot-static tube and

Psg1 = Pesg3 T Pa = Psg3

Pesg1= Pesg3

Pe3 < § and pesg1 < 0

. e .
In accordarce with 14.4.3.2 and 14.5.2 Ma;,, ) 1 and p1 May be determined.
sgl
The inlet sthtic pressure py is-given by the following expression.
2
P1= Pdgi — ParFn = 1——1-[gﬂj Fyn
- 9 . KS
9 T 2p A
or
1 2
q
Pe1= Rdsgy — Parfvit = Pesg1 — ;( A’:,IJ Fm=p1—Pa

the Mach factor Fy; being calculated in accordance with 14.5.1.

32.2.3.2.2 Fan outlet pressure

At the fan outlet p; is equal to the atmospheric pressure p, and
R or B

ImCp

@sgz = @sg1 +

Ma, and 6, are calculated in accordance with 14.4.3.1:
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__ P2
P2 RO,
: 2
q
Psg2 = P2 + 2 (A—'Z] Fve

Fn being calculated in accordance with 14.5.1.

It may also be

written

2
1 (4
Pesg2 = 2p, [_mj Fvz

Py P2

pm:m:

p
k__
2 P

32.2.3.2.3 Fan pressure

The fan static

PsFA = P2

and the fan p

PFA = Psg2

PFA = Pebg2

pressure pgra is given by the following expression:

— Psg1 = Pa — Psg1 = ~ Pesgl

essure ppa by

dm

2
— = + L =m o R —
Psg1 = Pa 20, | A M2 — Psgl

2
1 [ gm
_ =— |dm |\ g _
Pesgi ZPZ[AZJ M2 ~ Pesgl

32.2.3.3 Calculation of volume flowrate

In the test co

nditions, the volume flowrateyis calculated by the following expression:

32.2.3.4 Ca

culation of'fan air power

32.2.3.4.1 Han work per unit mass and fan air power

In accordancg With 14.8.1, the fan static work per unit mass is given by the following expression:

YsA =

_P2—-P1 Vi

2
VA _p—p _1£ G j
Pm 2 Pm 2\ Ay

and the fan work per unit mass by

YA = PN

2
Vm1

— P

Pm
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The fan static power and the fan air power Pysa and P are given by the following expressions:

PusA = Gm" Ysa

PuA=qm-ya

32.2.3.4.2 Calculation of fan air power and compressibility coefficient

In accordance with 14.8.2:

Pysa = qvsgl 'PsFA'kps

Pya = qvsg 'PFA‘kp

The comp

14.8.2.2).

ISO 5801:1997(E)

a) First method:

Zylogior
k,s Ol ky =
P71 logyg [1 +Z(r - 1)]
where
r=1_’ pSFA
Psgl

for fan static air power, or

r=14 ZA
Psg1
for fan air power, and
K —1 R
Zk = r

for fan static air power or fan air power:

K CIng1(PsFA or PFA)

b) Seconfl method:

k_ln(1+x) yA
PT x In(1+Zp)

| = PSEAY, PEA
Psg1 Psgl

Fessibility coetficients k, and kps may be determined by two equivalent methods (se

e 14.8.2.1 and

32.2.3.5

In accordance with 14.8.1, the efficiencies are given by the following expressions:

iL, PUVWET Ul fdll dil MUWET
K=1 B
K 4qysgl Psgi

Calculation of efficiencies

— Fan static efficiency:

NsrA =

Fusa
Pr
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— Fan efficiency:

PuA

A=—p

F

— Fan static shaft efficiency:

P

usA
F

Nsan =

— Fan shaft efficiency:

P
MaA = uh

F

32.2.4 Simpljfied procedure

32.2.4.1

The stagnation and static temperatures are considered as equal and the Mach factors_F{y are equal tg

14.9.1).

O = ngx
Fvr = Fvp =1
32.2.4.1.1 Calculation of mass flowrate
The mass flovy
However, the

The temperat

Oy =ty +P73,15 = Ogqy
Pu=Peu 1 Pa
__Pd
Pu= R,
There is no heed for iterative procedures to take into account the difference between stagnation

temperatures

However, when a varies with the Reynolds number (see 32.2.3.1 page 118) the estimation of Reynolds

necessary.

The flowrate

32.2.4.1.2 Calculation of fan pressure

32.2.4.1.21

Reference Mach number Ma;.s less than 0,15 and pressure ratio more than 1,02

rate is determined in accordance with the methods déscribed in 32.2.3.1.

ires upstream of the flowmeter and in the chamber may be measured:

s calcutated with the estimated value of oand with 6, = By,

Fan inlet pressure

In accordance with 14.9.1.2 and 14.9.1.3:

Psg1 = Psg3 = P3+P3

2 2
4 1
m3:p3+ (qu

2 2p3 \ A3
or
2 2
\% 1 q
Pesgl = Pesg3 = Pe3 2 Pe3 2p3 ( As )
where

126
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unity (see

following simplifications can be applied to the calculations of setups in figure 70 ¢), d), e), f) and g).

and static

number is
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Fan outiet pressure

Pel =M1 — Pa

'3

a and the fan pressure pr,

SF

n static pressure p

fa

The
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PFA = Ps

1

2
1T [4q
g2 ~ Psg1 = Pa t EE (_m] — Psgl

2
L 4m | _
[ Azj Pesql

" 2p,
+
P = P1 2Pz
P
k,=-—
P Pm

NOTE 44 Pesql = O, Pe < 0.

32.2.41.3 (Jalculation of volume flowrate

The volume flowrate is given by the following expression as in 32.2.3.3:

_f
qvsgl = <
sgl
where
Psqgl
Psgl =
Rwesg1

32.2.4.1.4 (Qalculation of fan air power

Fan air powe

Is are determined in accordance with 14.8.1, 14.8.2:14°8.3 and 32.2.3.4.

32.2.4.1.5 (alculation of fan efficiencies

Fan efficienc

32.2.4.2 Reference Mach number Ma; s less'than 0,15 and pressure ratio less than 1,02 (see 14.9

The air flow 1
6, = @sg
pP1=p2
Fy1=F
k=1

32.24.21 (

The mass flg

32.2.4.22 (

es are calculated in accordance with 14.8,17,14.8.2, 14.8.3 and 32.2.3.5.

hrough the fan may be considered as incompressible.
1 =@3=@sg3=92=@sgz

falculation)of mass flowrate

wratéis'determined in accordance with 32.2.4.1.1.

32.2.4.2.21

P1=Psg

Psg1=pP3t

2
114
Pesgl = Pe3 + 5— [_m]

128

falculation of fan pressure

Fan inlet pressure

P3
Rw@3

()

1= Psg3 =

2psg

2p1\ A3

2)

© SO
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or

2
_ T | 9m
Pe1 = Pesgl 2 ( A J

except in the case of figure 70 e), f) and g) for which the stagnation pressure pesgz is measured and pesgi = Pesg3
Or psg1 = Psg3-

32.2.4.2.2.2 Fan outlet pressure

At the fan putlet:
P2 = P;
Pe2 =
2
114
PspP2t5— [—mJ
> 2p1\ A
or
2
Pesaz F 1 (q_m]
€es B
“1 2p1( 4
32.2.42.23 Fan pressure
The fan prgssures are given by the following expressions;
PsFA = P2 — Psgl = Pa — Psg1 = ~ Pesgl
1 2 1 1 2
dm Im
= - =po+—| 2| - F—
PFA =|Psg2 — Psgl = P2 201 [Azj 3 2p1 (A3J
2 2]
[ 4m 1 [m
= —|Pe3 t
2pq \ Az 2p)\ Az
32.2.4.2.3| Calculation‘ofwvolume flowrate
The volumie flowrate at inlet conditions is determined by the following expression:
Qvsgl T I = e
sgi T -
Psgl ( Dsql \
ka@sg‘l J

32.2.4.2.4 Calculation of fan air power

The fan air powers are determined by the following expressions:
Pysa = qysg1 - PsFA
Py = gysg1 " 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, gysg1:

— fan static

pressure, psra;

— fan pressure, pga;

— fan efficiency, ngra or Nea-

32.3 Outlet-side test chambers

32.3.1 FIoerte determination

The flowrate i

5 determined using:

— Venturi ndzzle on end of chamber, see clause 23 and figure 71 a);

— multiple n
— orifice pla
32.3.2 Meas
Measure:

— rotational
— power inp
— flowmete
— upstream
— chamber
— chamber
In the test en
— atmosphq
— ambient t

— dry-and V

Determine thg¢ ambient air density p, and gas constant of humid air R,y in accordance with clause 12.

bzzles in chamber, see clause 23, figure 71 b);
e in chamber, see 26.9.1, figure 71 b).

urements to be taken during tests (see clause 20)

speed, N, or rotational frequency, r;

ut, Py, Py or Pg, and estimate impeller power (see 10.4),
I differential pressure, Ap;

pressure, pes;

bressure, pea.

temperature, 4.
Closure, measure:

ric pressure at the mean altitude of the fan, p,;
emperature near the'inlet, #,;

vet-bulb temperatures, tq and ¢

32.3.3 Gem1ra| procedure for compressible fluid flow

© SO

This procedure should be applied when the reference Mach number May,ef 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 miliimetres

PL2 PL4
|
0
J 950 Variable exhaust system
Fan —\ 0,5/ PLE 38 16 7

PL1 \ te PL8 5dg min.

|

cbiDz.

:
.

|

L

|

aj.e

|
Hosl

( i

| J!

.|. . Included-angle

U L
W suggested

Settling means

a) Flowrate determination using Ventutri nozzle on end of chamber

PL2 PL4

| PL6 PL8 Variable exhaust system
|
S0 0,40, ip 2.5ds min.
Fan 05/ 38+6
PLA 38 6 I
f ol
i NL L
= i \
! |
U DU —— —_— —_— —_—
s ! [ : P —
L q:
' |
TR A /
Pes Pec AP

Settling means

b) Flowrate determination using multipte 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 =DPat Pep

O =15+ 273,15 = 6596

4 _p_g
Dg
__bs
Ps —Rw96
The mass flowrate is given by the following expression in accordance with 23.4:
n (g2

on=en 2 [ G [P
JE1

where
€ is the gxpansibility coefficient in accordance with 23.4.3 and table 6;

C;is the flischarge coefficient of the jth nozzle, as a function of the nozzle throat\Beynolds numbelr Reyg;, see
23.4;

B=0and Ci=a
C;= ajis [calculated in accordance with 23.4 and table 5;
n is the humber of nozzles, equal to 1 for a nozzle on end of chamber.
For each nozgle, the throat Reynolds number Re g is estimated usingthe following expression:

C;dg /26 Ap

x 108
17,1+ 0,048 15

Redgj =1

with C; = 0,95

After a first gstimation of the mass flowrate, the“discharge coefficients C; are corrected for the Reynglds number
variations.

32.3.3.1.2 The mass flowrate is detérmined using an orifice plate in the test chamber with wall tappings, see
26.9.1, figurep 71 b) and 23 h), i) and j).

—

Assuming thg

D6 = Da *+|Peb

@6 =tg+ 273,16= @sg6

8 _pd 025
Dg

Pe
Po =7 o0

The mass flowrate is given by the following expression in accordance with 26.5.
2

where aeis 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

P2 =P4=Pe4 T Pa

Osgp = Osga = t4 + 273,15 = Oggp

The Mach number Ma, and the temperature @, are determined in accordance with 14.4.3.1 and figure 5.

e
) = O -
¢ @sgz
__ P2 __Ps
P2 IWQZ RWQZ

2
1 CImJ
Psg2 9 P2 +—[— A
¢ 2p; \ Ay

or
1 q 2
Peng=Pe2+Ep2[ m} Fvp

Fpup being|determined in accordance with 14.5.1.
32.3.3.2.2 | Fan inlet pressure
Psgl =|Pa; Pesg1 =0

Osqi 7 ta + 273,15

1

The Mach [number May, the ratio

Psgl
P

and the Mach factor Fyyq are calculated in accordance with 14.4.3.2, 14.4.4 and 14.5.1.

2
1 14q
P1:lsg1"_£—ﬂj Fyn

2
1 qm
L —|4m | g
Pe1 2p1[A1) M1

32.3.3.2.3| Fanpressure

or

The fan sthfic)pressure pspa and the fan pressure pea are given by the following expressions:

PsFA = P2 — Psgl =P2 — Pa=Pe2

PFA = Psg2 — Psg1 = Pesg2 ~ Pesgl = Pesg2

_p1tp
Pm 2
P
k,=-—
P Pm

32.3.3.3 Calculation of the volume flowrate

Under the test conditions the volume flowrate is determined by the following expression:
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qvsgl =

P sgl
where
Py
Psq1 =
9 Rw@sg1

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 v
following expré¢

2 2
P2 1P Y _ P2 P _1( dm ]

YsA =
® Pin 2 Pm 2\ APy

2 2
PP e m
P 2 2

2 2
=pz—p1+1[ m ] __1( dm j
P 2\ Ap2) 2\ APy

The fan static pir power and the fan air power are given by

YA

PysA = qmlsA

Pya = amyp
32.3.3.4.2 Calculation of fan air power and compressibility coefficients
In accordance|with 14.8.2:

Pysa = qvgg1 PsFA kps

Pya = qvsg1 PFA kp

The compressibility coefficients. kgyand kps may be determined by two equivalent methods (see 14
14.8.2.2).

a) First methpd:

© SO

ien by the

1.8.2.1 and

Zylo
kos OF ky k9G10 "
logrg [1 +Zi(r - 1)]
where
r=1+25FA ang Zk=K—_1——-—P’— for kos
Psg1 K qysgi1 PsFA
r=1+2EA and z, Sl G O ks
Psg1 K qysg1PFA
b) Second method:
In (1 + x) V4
kos OF ky = 4
ps "o X In (1 + Zp)
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where

x=r-1=£FA for kps

Psgi
x=r-1=LFA for i,
Psgi
K-1 R
Zy= o

K QqysgiPsgi

32.3.3.5 Calculation of efficiencies

ISO 5801:1997(E)

In accordange with 14.8.1, the efficiencies are given by the following expressions:
— Fan statjic efficiency:

— FusA
NsrA = P

— Fan effigiency:

yi
UITN e

it

32.3.4 Simplified procedures

32341 R

bference Mach number May, s less than 0,15 but pressure ratio more than 1,02

The stagnatfion and static temperatures may be considere@’as equal and the Mach factors Fy; are equal to 1 (see

14.9.1).
Oy = O4gx
Fyvn=Imz =1
32.3.4.1.1 [Calculation of mass flowrate

The mass flpwrate 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

@y = Ohgp =Osqs = Oy = 14+ 273,15

Fvi=Fme=1

Py = P2 __Pa
27RO, R,O,
2 2
1% 1 q
= pi+pp -2 —p, p— | M
Psg2 = P4t P2 2 P4 20, [ Az}

or

V2 1 q 2
Pesg2 = Pes t P2 ’3’2_ =Pes t [_m“)

2p; \ Az
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32.3.4.1.2.2 Fan inlet pressure

Pa = Psg1

Psgi=Pa=

or
2
Der = 1 (am\
1= S|
231 L A1 J
where
P1
P1=R .8

But p1 is unkrjown and an interative procedure shall be used to determine p1 and p;\(see 14.9.1.4).

Two or three falculation steps are sufficient.

The pressure|p; may be determined by the following expression:

2
2 q
Psgi +\/Psg‘l —2( Amj
1

Rw@sg1

= 2

and

Pe1 =P1 T Pa

32.3.4.1.2.3 |Fan pressure

The fan statiq pressure and the fan pressurge are given by the following expressions:

PsFA = P2|— Psgl1 = P4 — Pa = Pe4

1
PFA = Ps2 — Psql = P4F 5 —

2p;
2
1 1 qm
= 1 +——1—
Pe4 ZPZ[AZJ

2
m | _
(Azj Pa

32.3.4.1.3 Calculation of volume flowrate

qysgl =
Psgl

32.3.4.1.4 Calculation of fan air power

Fan work per unit mass and fan air power are calculated 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 1,02 (see 14.9.2)
The flow through the fan and the test airway may be considered as incompressible.

p1=p2
Fnvn=Fvg =1
kp =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

Pa
R,\O,

P1=Rsg1 =P2=Psg2 =P4=Pyu=Pa=

2

1 (qm
Psg2 T Pa i [ "'J
or

2
qd
Pesg2|= Pe4 + —— (_"_1.]

32.3.4.2.2{2 Fan inlet pressure

1 2
_ | 9m
P1= Bsgi 2p (A1 J

1 2
-1 [9m
Pe1 2p1(A1]

32.3.4.2.2|3 Fan pressure

The fan pressures-aré given by the following expressions:

PsFA F P2 ~\Psg1 = P4 — Pa = Pe4

2
PFA = Psg2 — Psgl = P b |dn -p
FA sg2 sgl 4 2p; A, a

2
1 (4m
= + — — =
Pes 201 ( AzJ Pesga

32.3.4.2.3 Calculation of volume flowrate

Qvsgl =
Psg1
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32.3.4.2.4 Calculation of fan air power

The fan air powers are determined by the following expressions:
Pysp= 4dvsg1 " PsFA
Pya = qvsg1 ' 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 tesf conditions the fan performances are as follows:
— inlet volurme flow, gysg1:

— fan static pressure, psga;

— fan pressyre, pra;

— fan efficiepcy, ngra or nra.

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 testlduct with antiswirl device, the pressure being:measured downstream of the antiswirl devite;

b) outlet du¢t of the short type; 2 or 3 equivalént 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 somqg extent from those obtained using‘ceammon airways on the outlet side.

Eight methods of controlling and measuring' the flowrate in the test duct are shown in the first casg, 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-me&asurement procedure.

A common procedure, comprising measurements to be taken and quantities to be calculated allowing the
determinatior] of fan performance in type B installations, is given in 33.2.3 to 33.2.3.5. It is generally jvalid for all
fans in accordance with this/tnternational Standard.

However, twg simplified/procedures may be followed when:

— the refergnceMach number Mays is less than 0,15 but the pressure ratio more than 1,02;

— the reference Mach number Mas.¢ 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 1SO 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 DJ/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).

Fan
’ Dl. DA 304 3.SDg min. 3d3 min.

Dimensions in millimetres

0375D¢

b) Flowrate determination using outlet orifice

Fan

DL Dl, 3DA DA 1006 min. 505 min.

Pec Pes Ap

c) Flowrate determination using in-duct orifice with taps at O and 0,50 or in-duct orifice with corner taps

Figure 72 — Type B test installations (with antiswirl device)
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140

© 150

Dimensions in millimetres

Fan
D, 0, 30, D, 20 min. 1506 min.
|/ =T /I
] AN
il - N II ' ]I
w @ g Tl U

Convergent when O, # O, included angle 20°

1) This cylindrical airway section of length O, 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

Throttling device

PL2 PL&
Upy
100, min.
Fan +0,250,
8,50, 0 D, min.
+0,250,
PL1 50, 0
ty
R RS I = _‘ﬁ_u__,;__j,
L_ s = s ; e
= u

L Straightener

Transition section

Pet

Pitot tube traverse

bp

e) Flowrate determination using Pitot-static tube traverse

Figure 72 — Type B test installations (with antiswirl device) (continued)
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PL2

Variable exhaust system

0,

max.

ISO 5801:1997(E)

Dimensions in millimetres

PL4 PL6
Lo ‘
+0,250, ‘
Fan 8,50, 0 )
+0,250, ‘
50, 0 in.
PL1 4 l 5d¢ min
i
i [ | \
HL'J — N. I V
4 tr -8 & 1r L -
s = S r
o L 4 D
Included pngle
Straightener suggested

Transition section

f) Flowrate determination using in-duct Ventur{ nozzle

Fan ]
PL1

Variable exhaust system

®dy max. =0

30,

T
s
L

g) Flowrate determination using nozzle on end of chamber

Figure 72 — Type B test installations (with antiswirl device) (continued)

PL2 [ RL& \
24 PL6 PL8
100, min: 0,304 min. 0,50 min. i ‘
+0,250), ‘
8,504 0 38 +6 ’ ‘ 50'8 min.
+0,250, ‘ !
S50, 0 te L
1
I |
= i M CEN
| S A = - —-9 s O B 7 ]
= I A =
: H i [——
| |
il
Z Llncluded angle
Straightener Pe suggested
Transition section Settling means Pes AP
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Dimensions in millimetres

Variable exhaust system

PL2 , PLA4
= PL6PLS
100, min. 0,304 min. 0,50, min. ’ Settling means
+0.250, 38 26 |
Fan 850, 0 -
+0,250, ..* *
PL1 0. 0 te 'Ltl .
' 2
] E ]
h < 0
B = J |1 | <}
. = S Q\o H :
1 —_—t - — - ——
l/ at ) S S 14 ! | 14!
] I / 1 : \ L :
te \ |
U 0 ¥
| f
Straightener Pes

2,50gnsx min.

Transition section — Settling means

Pes Ap

h) Flowrate determination using multiple nozzles in chamber

Figure 72 — Type B test installations (with antiswirl device) (concluded)

33.2.2 Measyurements to be taken during tests (see clause 20)

Measure:

— rotational
— power inp
— outlet pre

— pressure,

— differentia

bpeed, N, or rotational frequency, n;

Lit, P,, Py or Pg, and estimate impeller power (see 10.4);
ESUre, ped;

bes, Upstream of flowmeter;

| pressure, Ap;

— chamber femperature, tg.

In the test eng
— atmosphg
— ambient t

— dry-and v

losure, measure
ric pressure, p,, at.the’mean fan altitude;
bmperature near fan inlet, ¢;;

et-bulb temperatures, tq and .

Determine the ambigntair density, p,, and the gas constant of humid air, R,y (see clause 12).

33.2.3 Genetral-procedure-forcompressible-fluid-flow

This procedure should be applied when both the reference Mach number Mays is more than 0,15 and the

pressure ratio

is more than 1,02.

33.2.3.1 Calculation of mass flowrate

33.2.3.1.1 The mass flowrate is determined using:

— in-duct ISO Venturi nozzle, see clause 22 and figure 72 a);

— outlet orifice with wall taps, see 26.9 and figure 72 b);

— in-duct ori

fice 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 #4 or tg is not measured.

This is the normal procedure.

Assuming t

hat

P6 =Pe6 t Pa

@sg1 =

ta + 273,15

a LRorPe

@ng T
@6 = 6
Ps = r
but @6, ng

The mass f

dm =4

where

o

a or the co
and 27.

An iterativ
of Og: O 4

is[the flow coefficient function of Reynolds-number Re;g or Repg estimated by the following ¢

O
ImCp

6 — qrzn =0 1 + Pr or Pe _ Adm
59 2 2.~ Usg 2 2
24A5p5¢) amCp  2A5pgc)

Ps
w@6

5. g, are unknown.

owrate is determined by the following expression:

d2
EM —48— 2peAp

the expansibility coefficient determined in accordance with 22.3.3, 26.7, 26.8, 26.9;

_ edgy2pehp . o6

48 = 1711 0,0481;
aePdg2psAn" - 6
e = oV PR,

17,1+ 0,0481z

mpound coefficient ae is determined in accordance with 22.3, 26.7, 26.8, 26.9 and figures

e procedure should be applied to calculate ®g, ps. Regg or Repg, o and g, from
nge = @sg1

EXpressions:

18, 24, 25, 26

a first value

Three or four iterations are sufficient to obtain g, with a calculation accuracy of 10-3.

b) The temperature tg is measured. It is considered as a stagnation temperature Osge:

2
q
Op =tg + 27315 - —*

2A7p6¢)p

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
Pe =; zpefij

i=n
J=1

P6 = Pe6 t Da

F or F,

AmCp

Osg6 =Osg1+

D
O = Osgp (—*““, .

where
2
1%0 , 05
APm:(“ APj' \]
n /=
\ Jj=1 J
1 2
=|:; (,/Am +w/Ap2 +...,/Apn )]
—_Ps
Pe R,®Os

The mass floyvrate g, is determined by the following expression:

dm = ae/\szpﬁApm

where
o is a floyvrate coefficient function of the Reynolds number Repg, very close to 0,99 (see 27.6).

R =0€
e06 =4¢D6 17 1 0,048 1

€is the ekpansibility coefficiebt|(see 27.5):

12

2
1__1_Apm+l('+1 Apm
2k pe~\\BK% | Po

A first approxjmation of g, is calculated with = 0,99 and € is calculated by the expression above.

This value of gr, allows calculation of Repg, @ and a second value of g,,.
Two or three iterations are sufficient to determine the mass flowrate with a calculation accuracy of 10-3.

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 =Pes t Pa
__Pa
P4 *Rw@4
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6sg4 = @sg1 +

@4 = 6591 +

ISO 5801:1997(E)

R orF,

ImCp

2
RorF  4m

C]me ZAI% P lzlc 14

Osga, B4, g, are unknown.

pods
Dy

The mass flowrate ¢, is given by the following expression (see clause 23):

Gm = ¢

42
YET 76 2p4Ap

Cn d§  2psAp

ee 23.4.2 and

dm = &
4
4 \/1 - aAuﬁ
where
ais thie flow coefficient of nozzle equal to:
C
4
V T-ouB
C is the discharge coefficient of the nozzle, a function ‘of. the throat Reynolds number Regg (4
table %):
R = aEdg2p4Ap . 6
e =—————— % 10
17,1+ 0,048,
o4y isfa kinetic energy coefficient equal o 1,043 for a duct approach and 1 for a chamber approa
eis the expansibility coefficient calculated in accordance with 23.4.3 and table 6.
For a first approximation,
0,95
o= N ——
\/1 - aAuﬂ
Oy = Osg1
The value pf g, calculated allows calculation of new values of Oy, ps, Reyg, @ and g,,.
Two or threesiterations are sufficient for a calculation accuracy 10=3 for o
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 tg in the chamber may be measured:

P6 =De6 + Pa
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O = Oggs = 15+ 273,15

d
B==8=0
Dg

Ps
Pe =
RWOG

The mass flowrate is given by the following expression:

n 2
d3;
Gm=ET Y [ jTj]\/2PGAp
j=1

where
€ s the expansibility coefficient in accordance with 23.4.3 and table 6;
C; is thedischarge coefficient of the jth nozzle, as a function of the nozzle throat Reynolds number

Reggj, see §3.4,

B=0and ¢j=q;

Cj = ajis cplculated in accordance with 23.4 and table 5;
n is the number of nozzles, equal to 1 for a nozzle on end of chamber.

For each nozzlg, the throat Reynolds number Regg is estimated using-the following expression:

Reqey = S22 g
ds8j =
17,1+ 0,048 15
with Cj = 0,95

After a first esftimation of the mass flowrate, the discharge coefficients C; are corrected for the Reynolds number
variations.

33.2.3.2 Calculation of fan pressure
33.2.3.2.1 Fap outlet pressure
Assuming that

P4 = Pe4 t|Pa

horle _gue=15+27315

Osg4 = Os5=05q1 +

m=p

The Mach number in section 4 and the ratio ©544/0, are determined in accordance with 14.4.3.1 and figure 5.

O4
04 =054
> @sg4
—_ P
P4 RO4
2 4 6
Faya =1+ May | Mag | May (see 14.5.1)

4 40 1600
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The friction loss coefficient between sections 2 and 4 ({, _ 4)4 is calculated in accordance with 30.6 and figure 65.

The stagnation pressure at fan outlet psgp is given by the following expression:

Psg2 = P4+

or

Pesg2 =

2
p42Vm4 Faa [1 + (Cz - 4)4 ]

2
Pes + p42Vm4 Fyma [1+ (52—4)4 ]

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

P2 = Ps

or

Pe2 = P

33.2.3.2.2

At the fan in

P1= Ps

Ma, and p,

We have aldqo:

Pesg1 =

Per ="

33.23.23

The fan pre

PFB=P
PsFB = &

2

Vm2
2 = P2 =" Fapo

Fan inlet pressure

let psg1 = pa. @sg1 = O, and py may be determined in accordance with 14.5.2 and 14.4.3.2.

/2 1 (g 2
—p, - = - |dm | F
17 P o M Psqi 2p1( A M1

being calculated in accordance with 14.4.3.2'and 14.5.2 and figures 4, 5 and 6.

Fan pressure

bsure prg and'the fan static pressure pspg may be calculated using the following expressiof:

g2 ~ Psg1= Pesg?2
2~ Psg1 = Pe2

27 P

pm="g

and

kp= P1/pm

33.2.3.3 Calculation of volume flowrate

The volume

qysg1 =

flowrate is calculated by the following expression:
dm

Psgi Psg1
Rw@sg1
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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

©1SO

In accordance with 14.8.1, the fan work per unit mass yg and the fan static work per unit mass ysg are given by the
following expressions:

2 2
yp=P2= Py tme tm
Pm 2 2
2 2
=pz—p1+1[ dm ] 1( Qmj
Pm 2\ Ap2 2 Ay
2 2
—Pe2[ Per | 'm2 _ Ymi
Am 2 2
2
) L:pz—m_l[ qu
Am 2 Pm 2{ Aipy
2
_Pep —Pe1 _ Vm
Pm 2

The fan air pg

wer Pg and the fan static power P gg are given by the following expressions:

Py = qmpB
PysB = qfysB
33.23.4.2 Iculation of fan air power and compressibility coefficients

Cla
In accordancé¢ with 14.8.2:

Py =qy,

Pyse =¢q

The compreq

14.8.2.2).

a) First met

kpg OF kol=

where

r=1+

04

g1 PFB kp
sg1 PsFB kps

sibility coefficients k, apd-kps may be determined by two equivalent methods (see 1

od:

_ Zk |Og‘|o r
logyg [1 +\Z(r - 1)]

B

4.8.2.1 and

Psgi

for ko or

r=1+@
sgl

for kps and

K

for ky or
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K Qqysg1 PsFB

for kps.

b) Second method:

ISO 5801:1997(E)

In(1+ x Z
kps OF kp = ( ) P
X In (1+ Zp)
where
X=r—= PrB
Psgt
or
= PE8
Psal
and
-1 P
Zy=1—

K 4dvsg1 Psgi

33.2.3.5 [alculation of efficiencies
In accorddnce with 14.8.1, the efficiencies are calculated by thefollowing expressions:

— Fan efficiency:

_PuB
B = P

— Fan sfatic efficiency:

L PusB
MsrB 7 P

— Fan shaft efficiency:

Jh8
MsB P,
— Fan sfatic shaftefficiency:

P,
NsaB e

Fa

33.2.4 Simplified procedures

33.2.4.1 Reference Mach number Ma; less than 0,15 and pressure ratio more than 1,02

At a section of the test duct the stagnation and static temperature are considered as equal:
Oy = Oggx =ty + 273,15

The Mach factors Fyyq and Fyp are equal to 1.
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33.2.4.1.2.2 Fan inlet pressure
At the fan inlet

Psgtl = Pa

Pesgl =

The static pressure p; may be determined by one of the two methods applied in 33.2.4.1.2.1.

0

33.2.4.1.2.3 Fan pressure

The fan pressure prg and the fan static pressure pseg are given by the following expressions:

PFB=p

g2— Deg1 = D:g’) —Da= Dncg?

PsFB =1

33.2.4.1.3

The volume

P2 — Psgl = P2 — Pa=Pe2

Calculation of volume flowrate

flowrate is given by the following expression:

dm _ _ dm

qysgl =

33.2.4.1.4

Fan air pow

33.2.4.15

Fan efficien

33.2.4.2 Reference Mach number May, s less.than 0,15 and pressure ratio less than 1,02 (see 14

The air flow
0,=6

P1=P1

kp =1

33.2.4.2.1

The mass f

Psgi - Pa
Rw@sgl
Calculation of fan air power

ers are determined in accordance with 14.8.1, 14.8.2,(14.8.3 and 33.2.3.4.

Calculation of fan efficiencies

cies are calculated in accordance with 14.8.1,\14.8.2, 14.8.3 and 33.2.3.5.

through the fan and the test airway/may be considered as incompressible.
Lg1 = O = Osgp = O, = 1y + 27315
Pa=pPe=Pa R,
Fivz =1

Calculation of mass flowrate

owrate is determined in accordance with 33.2.4.1.1, with p, = p, = RPa@
w™'a

33.2.4.2.2

Calculation of fan pressure

33.2.4.2.2.1 Fan outlet pressure

According to the assumption above,

P1=Psg1=P2=Psg2 =P4=Pg=Pa=

Psg2 =

Pa
R\O,

2
1 m
Pa +§p_1[i]1—4) [1+(Cz-4)4 ]

9.2)

ISO 5801:1997(E)
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2
Pesg2 = Ped +?:;(%'Z—] [1+ (¢2-4)a ]

2
_ 1 [ gm
P2 = Psq2 2 (AZJ

2
114
Pe2 = Pesg2 — 2—[)_1 [A—ZJ

33.2.4.2.2.2 Fan inlet pressure

Psg1 = Pa

Pesgl = 0

2
= 1.1 [4m
P1= Psgl 2 (A1]

2
p]___j_(Qm)
o1 =

2t \ A

33.2.4.2.2.3 Fan pressure
The fan pressjure pgg and the fan static pressure pspg may be determinediby the following expressions:
PFB = Psgp — Psg1 = Psg2 — Pa = Pesg2

PsFB = P2|— Psg1 = 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:

Im am

qysgl = =
Asgl Pa
[Rw@sgl ]

33.2.4.2.4 Qalculation of fan air;power

In accordance with 14.9.2.6
PyB = qvgg1 PFB

PysB = qYsgPsFB

33.2.4.2.5 Catcutatiomroffamreffictencies

Fan efficiencies are determined from Pg or Pysp 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, gysg1;

— fan pressure, prg;

— fan static pressure, psrg;

— fan efficiency, nrg or NgB.
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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

J 0,50, min.
PL6 Variable exhaust system
Fan 0,5J 38 6
PL1 PL2 te PL8 5dg min.
L NI_ |
U -
; -
S IS AU R SRS b Y Y U BN N S
IR S
1}
‘ “' ! Included anglte
suggested
Pes Pes Op

Settling meéans

a) Flowrate determination'using Venturi nozzle on end of chamber

PL& PL6 PL8 Variable exhaust system
| |
J 0,40, min 2,5d gmax min.

Fan 05J 38 6
PLA PL2 3826

|‘| ! NL !I \

|
E::'
D,

'
|
|
x

\?:'

]

|
1=
|

=
=

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, P,, P, or Pe, and estimate impeller power (see 10.4);
— outlet pressure, pes;

— pressure, peg, Upstream of the flowmeter;

— differential pressure, Ap;

— outlet temperature, tg.

In the test enc osure, measure

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

— ambient tgmperature, t,, near fan inlet;

— dry- and wet-bulb temperatures, tq and t,.

Determine thel ambient air density, p,, and the gas constant of humid air, Ry (see cladse 12).
33.3.3 Genelal procedure for compressible fluid flow

This procedurp should be applied when both the reference Mach number’ Mayes is more than 0,15 and the
pressure ratio[is more than 1,02.

33.3.3.1 Caldqulation of mass flowrate

33.3.3.1.1 The mass flowrate is determined using

— Venturi ngzzle on end of chamber, see clause 23 and figure 73 a);
— multiple npzzles in chamber, see clause 23 and figure 73 b).

The outlet dugts for pressure and flowrate measufements are followed by a flowrate control device or gn auxiliary
fan with a flowrate control device.

The temperat{ire fg in the chamber maybe-measured:
P6 = Pe6 1 Pa

@6 = @ng =g+ 273,15

=28 _lo

PR

The mass flowrate is given by the following expression:

n

dg;

an=en3, ¢, | Epety
ji=1

where

e is the expansibility coefficient in accordance with 23.4.3 and table 6;

C; s the discharge coefficient of the jth nozzle, and is dependent upon the nozzle throat Reynolds number
Redgj;

B=0and Cj=aqj
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G=q;

n

ISO 5801:1997(E)

is calculated in accordance with 23.4 and table 5;

is the number of nozzles and is equal to 1 for a nozzle on end of chamber.

For each nozzle, the throat Reynolds number, Regg, is estimated with the following expression:

Redgj

with Cj =0,

Ecjdsj ,IZpSAp 1 06

17,1+ 0,048t
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 (‘J are determined and correct

33332 C
33.3.3.2.1

Assuming 1

P4 = P4

@sg4 N

the section
duct simulg
14.4.3.1 an

0.4 7
P24 =

B4

(see 14.5.1

There is n

expression:

Psg2 T

or

Pesg2

alculation of fan pressure
Fan outlet pressure

hat

4+ Da

B or
L Oyg0 = Oggo = 16 + 273,15 = Oy + -2 10

mCp
2.4 being the section of the outlet duct at the entrancetq the chamber (A7 4 = A5 if the

tion), the Mach number at section 2.4, May 4, and the ratio @sg4/6, 4 are determined in ac
d figure 5.

24
6sg4

6sg4
P4
Rw92.4

Mad3,
4

Mag4
1600

Ma§4
40

1+

and figure 4).

b loss allowance for-this test duct, and the stagnation pressure at section 2 is given by

|

1
2p74

Py +

—(Ped"t

re is no outlet
cordance with

the following

2
Qm} F
M24
2p74 (Au

The pressure p; and the static temperature ©, in section 2 are determined in accordance with 14.5.2, Ma; being

calculated in accordance with 14.4.3.2.

__ P2

P2 —Rw92
2 2
P2 = Psgp — P2 2 Fyo = Pegp — =— | 22 | Fyg
9 2 9 2p2 Az
or
2

- —— | Am Fi

Pe2 = Pesg2 20, (A ) M2
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33.3.3.2.2 Fan inlet pressure
At the fan inlet
Osg1 = Oy =13+ 273,15

Psg1 = Pa

©ISO

and p1 may be determined in accordance with 14.5.2, May and ©; being calculated in accordance with 14.4.3.2.

P1= Psql

2
1 (qm]
2p1 A-‘

33.3.3.2.3 Fpn pressure

The fan press

PFB = Psg
PsFB = P2

33.3.3.3 Ca

ure, prg, and the fan static pressure pseg may be calculated by the following expressions:

2 — Psg1 = Psg2 — Pa = Psg2
— Psg1 =P2 —Pa=Pe2

P2t P

2

culation of volume flowrate

The volume fllowrate is calculated using the following expression:

qysgl = =
Rsg1 Psgl
Rw@sg1
33.3.3.4 Caljculation of fan air power

33.3.3.4.1

In accordanc
following exg

Han work per unit mass’and fan air power

e with 14.8.1, theyfan work per unit mass yg and the fan static work per unit mass ysg are
ressions:

hiven by the

2 2
=22 P S
Pm 2 2
1/ N2 L V2
P2 PT T m — | 9m
Pm ZLA2P2J ZLAV)J
2 2
—Pe2=Pel  ‘m2_ 'm1
Pm 2 2
2 2
ysBzu_thz—m_l(qm)
Pm 2 pm 2\ Ap
2
:Pez_Pe1_h
Pm 2

156


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

The comg

© ISO

The fan air power Pg and the fan static power P ¢g are given by the following expressions:

Pug =qmyB

PysB = gmysB

33.3.3.4.2 Calculation of fan air power and compressibility coefficient

In accordance with 14.8.2:

PyB = qvsg1 PFB kp

Pysg = 9Gvsg1 PsFB kps

ISO 5801:1997(E)

ressibility coefficients kp and kps may be determined by two equivalent methods (se

14.8.2.2).

a) First method:

k _ Zk |Og'|0 r
psor® Iog10[1 +Z(r- 1)]
where
=14 PFB
Psgl
for ky or
r= 1 1 pSFB
Psgi

for fan stdtic air power and

Z =

for fan air

Z =1

for fan sta

b) Secon

k-1_ K
K dusg1 PFB

power or

-1 n

K Gvsg1PsFB

tic air power.

d method:

n(1+x) Zp

x In (1+Zp)

e 14.8.2.1 and

or

_ PsFB

Psq1

K Qdysgl Psg
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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:

_PuB
ne= R‘

— Fan static efficiency:

R usB
Pr

NsiB =

— Fan shaft gfficiency”

- Fis
NMaB = P,
— Fan static phaft efficiency:

P,
NsaB = "%ﬁ

33.3.4 Simplffied procedures
33.3.4.1 RefeJrence Mach number May . less than 0,15 and pressure ratio more than 1,02
At a section off the test duct the stagnation and static temperatures-ate considered as equal:
Fmi=Fup=1
O = @sgx
33.3.4.1.1 Calculation of mass flowrate
The mass flowrate is determined in accordance. with the methods described in 33.3.3.1.
O, = Osgy|=te + 273,15 = Og = Osge
Pu=Pe6 T|Pa

- __bPs
Rweb‘ RW@SQG

C and a shall e corrected for the Reynolds number effect.

33.3.4.1.2 quculation 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 =DPes t Pa
Vr%ZA 1 qn 2
Psq2 = P4+ Py 5 P4 +E(—A_2:)
or
Ym24

Desg2 = Pesa + P4 5
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where

Pa= P M4
R\O4 Rw@sgti

p2 may be determined by the following method (see 14.9.1.4):

2 2
v A
(P2)1 = Psg2 — Pa 22'4( AzA)

(Pz )1 = _____(pz )1

RW@SQZ
2
1 4
P2 = Pggz 2 zm
A2p2
_ 1 42
Pe2 = Pesg2 — E 2
A2p2

Two or thrge iterations are sufficient; pp may be also determined by the following expression:

|

2
2 q
P2 =7 Psg2 + J Psg2 — 2 (A_';) RW@SQZ

1P
1 w@sg2

pP2=
33.3.4.1.2.2 Fan inlet pressure
At the fan inlet

Psg1 =|Pa

Pesgl F 0

The pressyre pj and the density p; may_ be determined by one of the two methods developed for the calculation of
D2

33.3.4.1.28 Fan pressure

The fan pr@ssure pgg and thefan static pressure psrg are given by the following expressions:

PFB = Psg2 — Psg1 TP&g2 — Pa = Pesg2
PsFB S| P2 — Psgl/P2 — Pa = Pe2

33.3.4.1.3| Calculation of volume flowrate

The volume flowrate is given by the following expression:
dm

q
qysgl = =
Psqi ( Da ]

Rw@sgl

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 Ma; .t less than 0,15 and pressure ratio less than 1,02 (see 14.9.2)
The air flow through the fan and the test airway may be considered incompressible.
O1=0O5g1 = Oy = Osqp = Oy = Osgg = Op = Osg5 = Oy =1, + 273,15

Pa
R\O,

P1=P2=Ps=Pe=Pa=
Fmi=Fwmz =1

33.3.4.2.1 Calculation of mass flowrate

The mass flowrate is calculated in accordance with 33.3.4.1.1.

33.3.4.2.2 Calculation of fan pressure
33.3.4.2.2.1 Fan outlet pressure

In accordance|with the assumptions above,

P1 = Psg1 F P2 = Psg2 = Pa

2
1 (4m
= 4+ Am
Psq2 = P4 2p1 [Az j

1 (q 2
=pls+— dm
Pesg2 = Ppa 201 ( Azj

1 2
q
P2 = Psgd - [ '"j =py

2
1 m
Pe2 =Pesq2 ~ 5|, | T Pe4

33.3.4.2.2.2 Fan inlet pressure
Psgl = Pa

Pesgl = 0

2
_ 1\,
P17 Psgi 2P1(A1J

33.3.4.2.2.3 Fan pressure
The fan pressure prg and the fan static pressure pspg may be determined by the following expressions:

PFB = Psg2 — Psg1 = Psg2 — Pa = Pesg2
PsFB = P2 — Psg1 =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:

a. . a.
— dm __ m
qysg1 = =
Psgi Pa
,R,‘.. (Ten ~1
\ vV Dul /

33.3.4.2.4 Calculation of fan air power

In accordance with 14.9.2.6:

N = w2 Pen
uB = fegt—F8

PysB 9 qvsg1 Psrs

33.3.4.2.5| Calculation of fan efficiencies

[ PSR of I AN [P IUUE SR Y SO 2o TN — AN A A A -
rdrl erticieficies dre aeterininea 1mroir I’UB or rUSB as In 89o.£.4.1.0.
33.3.5 Fah performance under test conditions

Under test conditions, the fan performances are the following:
— inlet vplume flow, gysg1:

— fanp

=

@essure, peg,

— fan
an

w
rat

1
L

— fan effiiciency, ng or ngrs.

34 StanLdard test methods with inlet-side test ducts or chambers —
Type C installations

34.1 Types of fan setup
Two genetal types of setup of fan are/shown:
a) inlet diict, where the inlet\ptessure is measured in the test duct;

b) inlet chamber with,at.the end of the chamber, inlet duct simulation. The inlet pressure is measured in the
chamber.

Nine methods ofscontrolling and measuring the flowrate in the test duct are shown. The methpd of flowrate
measuremnent{s(specified in each case, together with the clauses and figures detailing the flowratel 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
34.2.3.1.1 t0 34.2.3.1.3 and 34.3.3.1.1 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 0,15 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 ISO

— quadrant

Venturi nozzle, see figure 74 a);

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);

© |SO

— inlet orifi

— in-duct orlfice with D and D/2, see figure 74 e);

— in-duct orffice with corner taps, see figure 74 e);

— Pitot-stat
— Pitot-stat

34.2.2 Meadurements to be taken during tests (see clause 20)

Measure

— rotational|speed, N, or rotational frequency, n;
— power inf

— flowmetgqr differential pressure, Ap;

— [pressure

— inlet statit pressure, pe3.

In the test engclosure, measure

— atmosphIric pressure, p,, at the mean fan dltitude;

— ambient

— dry-and

Determine th

34.2.3 General procedure for.compressible fluid flow

This procedu
the pressure

34.2.3.1 Catulation of mass flowrate
34.23.11 i i using

— inlet ISO

— quadrant

e Wit Walttaps, See figure 74 a7,

ic tube traverse, see figure 74 f);

ic tube traverse, see figure 74 g).

| Pe7 OF pe3, Upstream of the flowmeter;

emperature, t,, near fan duct_inlet;

vet-bulb temperatures, 1q.and’s,,.

b ambient air density, p,) and the gas constant of humid air, R, (see clause 12).

e should be-applied when both the reference Mach number May,¢f (see 14.4.2) is more th
ratio is mjore' than 1,02.

ut, Py, P, or Pg, and estimate impeller power (see 10.3)"and power input Pgy of an auxiliary fan;

an 0,15 and

Venturi nozzle, see clause 22 and figure 74 a);

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);

The flowrate is controlled by an adjustable screen loading [see figure 74 a) and 25.2], by the orifice plate [see figure

74 b) and d)],
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Dimensions in millimetres

Fan

Dy _,_ 05 20;

Pe3
Included angle

L

a) Flowrate determination using Venturl nozzle, quadrant inlet nozzle, conlical intet

3,505 D5 D3 | D3 205 Fan

|
]

=

A

| Pds

20° max.

Pe3

Q
)
p
b) Flowrate defenmination using inlet orifice with corner taps

Far

| ¥LDs 20, | 0.503
l l PL1 | PL2

Lt

_20s | D3 211504 —

Q
5
l
|
|
[T
X
|
[T
|
e
|
|
\

Ap Pe3
= 205 Variable supply
system

c) Flowrate determination using inlet orifice with wall tappings

Figure 74 — Type C test installations (inlet-side test duct)
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Dimensions in millimetres

| 1.20s 4105 min. Ds | _Ds 205 Fan

=
OB
~p fres

15=05/03=6

d) Flowrate determination using Inlet orifice with wall tappings

904 | D3 ; | 303 [25) D5

03 205 Fan

l
-
|
=
|
=
|
il

Pe3

Per Ap

e) Flowrate determination using in-duct orifice with taps at D and 0,50 or in-duct orifice with corner taps

30, 550, D3 205" Fan

In accordance with 30.3d)

|
- 3

y
|\

In accordance with 30.2a)

Pes  Ap;
1) This cylindrical airway section of Length 203 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 Pitot-static tube traverse

Figure 74 — Type C test installations (inlet-side test duct) (continued)
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Dimensions in millimetres

PL3 PL1 PL2
1003 min.
+0,2503
8,503 0 L3 t— Fan
+0,250;
S0; 0 | D3 max.

i / =l | =

Throttling / .
device Straightener Transition section

Y

Des Apj Pitot-static tube traverse

g) Flowrate determination using Pitot-static tube traverse

Figure 74 — Type C test installations (inlet-side test duct)‘{concluded)

Assuming|that
Pe7=p
P7=Ha

07 =Bsg7 =13 + 273,15

_| P7
P7 _Rw97

The mass|flowrate is given by the following @xpression:
2
9m =|0ET % 2p7Ap

where

ais the flowrate coefficient function of the Reynolds number Regs estimated by the following expression, in
which the value of «is-@mean value:

_ 0edgy2pg8p . . o6

Reg|=
4™ 17,1+0,0481,

gis the expansibility coefficient.

a, € or thecompoundcoefficient, wearedetermined-naceordance with 2232 2233 244 254 1726.10 a) and b),

26.11 and figures 18, 22, 27, 28 and 26 after estimation of Regs.

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 t Pa

Osg7 = Op = 1+ 273,15

Yoz 1 4 ’
@7:@ 7__"_L.=@ 7___(__Lj
9 20[1 9 2C]7 A7p7
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p7 RO

The mass flowrate is given by the following expression:

dé
an = asn 2 20700

where

€ is the expansibility coefficient, a function of the ratio Ap/p7 and the Reynolds number Rep7;

ais the flgwrate coefficient varying with:

B=

7

©7, p7 and ¢,, being unknown, g,, is determined by an iterative procedure taking ©;= Osg7; for the first
approximation

Two or three iferations are sufficient for a calculation accuracy of 10-3.
34.2.3.1.3 The mass flowrate is determined using a Pitot-static tube traverse [see clause 27 and fiqure 74 f)
and g)}
Assuming that

P3 =Pe3 t|Pa

when the pregsure pg3 is measured by the Pitot-static tube:

L
v

1

De3 :_r;
JET

Osq3 =13 1 273,15

2

—_

n
0,5
App = "; ZAPJ'
j=1

k-1

59 P3.t Apm

p3 RO3

The location of measuring points j is given in 27.4 and figure 30.

The mass flowrate q,, is given by the following expression (see 27.5):

D2

m = OER—= V2p3APm

where

eis the expansibility factor (see 27.5);
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o is the correction factor or flow coefficient (see 27.6) depending upon the Reynolds number Reps:

= 4 dm x 10°
nD3(17,1+ 0,048 13)

R€D3

o varies between
0,990 + 0,002 for Repz =3 x 106
and

0,990 — 0,004 for Repg =3 x 104

A first apprgximation of g, is obtained with a= 0,990 and corrected for the value of Reps (see 27.6);

34.2.3.2 Determination of fan pressure
34.2.3.2.1 Fan inlet pressure
The two follpwing 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 t+Pa
Osg3 =@sg5 = Osg7 = O3 = Ogg1 =13 + 273,15
The Mach number Maz and the ratio
O3
Osg3

are calculated in accordance with 14.4.3.4.

O3

@3:8 3

o @sg?,
-3
P3 ’,05

The inlet stagnation.pressure psq1 is given by the following expression (see 14.6.1):

Psg1=P3 +%P3 V,§3FM3[1+ (C3—1)3 ]

7
1
= p3 +%[Z—Z) FM3[1+(C3—1)3 ]

where

(&3 _1)3 =< 0 is the conventional coefficient calculated in accordance with 30.6.4, 30.6.5 and 30.6.6;

Fpz is the Mach factor determined in accordance with 14.5.1.

Pe3 is always negative.

2
Pesgl = Pe3 +§;_3(i_';) FM3[1+ (§3—1)3 ]
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b) There is an auxiliary fan between planes 5 and 3 [see figure 74 c)].
In this case, ({3 — 1)3 < 0 is determined by test and is not defined by this International Standard.

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

=0, = 6sg]

Osg3 = Ogg7 +
ImCp ImCp
In other cases, the temperature t3 should be measured and the quantity 3 + 273,15 assumed to be a stagnation
temperature.

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

The pressure pq is determined after the calcuiation of the Mach number Ma; and of the ratio
O,

g

in accordance|with 14.4.3.2.

The density pq is calculated in accordance with 14.4.4 and the static pressuretp; is given by the following
expression (s¢e 14.5.2):

2
12 114
P1= Psgi[~ 5 PV Fmi= psgr — -2;:[7":] v

or

2
_ 1, 1 (g
per= pe - 3 2 ur= s~ 51| 22| A

34.2.3.2.2 Fan outlet pressure

The static prgssure at fan outlet p; is equal to the atmaspheric pressure pj.
P2 =Pa
The stagnatign temperature at fan outlet Os4p is given by the following relation:
F or F,
Osgp = Elg3+ —=
AmCp

The Mach nupnber May and the ratie
92
ngz

are determingd in accordance with 14.4.3.1.

]
e
9

P2 Pa

P2= RWQZ RWOZ

and psgp is given by the following expression (see 14.5.1):

2 2
1 dm 1(¢q
= +— || Fn= 4 R
Psg2 = P2 20, (Azj M2 = Pa 20, [Az M2

1 (g 2
=— |9m | g
Pesg? 2p, (Azj M2

34.2.3.2.3 Fan pressure

The fan pressure pgc is given by the following expression:
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2 2
1 {9m 114
= perr = Pt = pa+—— | I Ryo—ips+—|Im | Fysli+
PFC = Psg2 — Psg1 = Pa 2P2(A2) M2~ 1P3*5 [A3 MS[ (53—1)3]

2 2
e

The fan static pressure pggc is given by the following expression:

2
PsFC = P2 = Psg = Pa ~ {Ps +—2—}1'5;(Z—';') FM3[1+(C3-1)3 ]}

1Y 7

= Pe3+'i’[q_mTFM3[1+(§3‘1)3]

2p3\ A3
_|P1tpP2
Pm 2
01
k, =+1
* " b

34.2.3.3 Determination of volume flowrate

The volune flowrate at stagnation inlet conditions is given by the following expression:

_ 9m _ dm
qysgl|~ =
Psgl Psgl
Rw@sg1

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 afe given by the
following expressions:
2

2
P2~ Pt Yo

2 2

=pz~p1+1( m } _1[ qu
pm 2\ Apz ) 2\ Ay

2 2
=pe2—pe1+_1_ m __1_ dm
Pm 2\ APz ) 2\ AP

2 2
PP P2—P1_l[ Qm)
YsC =

Pm 2 pm 2\ AP

2
=Pe2“'Pe1_l[ I )
Pm 2\ Apn

The fan power P,¢ and the fan static power Psc are given by the following expressions:
Pyc=yCadm

Pysc =YsC Gm
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34.2.3.4.2 Calculation of fan air power and compressibility coefficients
In accordance with 14.8.2

Pyc = qvsg1 PFC kp

Pysc = qvsg1 PsFC kps

The compressibility coefficients kp and kps may be determined by two equivalent methods (see 14.8.2.1 and
14.8.2.2).

a) First method:

K k= Z'\Ioomr
psor "p =
og10[1+ Z(r- 1)]
where
r =1+ 2EC]
Psgi
for kp or
r= 1 + pSFC_
Psg
for kps and
-1 P
Zk - K_ P r
K Hvsgl PFC
for kp or
-1 P
z =X i

K |dvsg1 PsFC

for kps.
b) Second mefhod:

n(i+x) Z
X In(1+Zp)

kps OF kp =

)c=r——1=piforkp
Psqi

or

x = BSEC for kps
Psgl

and
k-1 P

Zy=— —
K Qysgi 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:
PuC
R
— Fan static efficiency:
Fisc
P

Mc =

NsrC =

— Fan shaft efficiency:

Pl(‘
Nac =

D
a

— Fan statjc shaft efficiency:

- FusC
NMsaC = P,

34.2.4 Simplified procedures

34.2.41 I:lference Mach number Majy ¢ less than 0,15 and pressure ratio more than 1,02

At a section|of the inlet test duct, the stagnation and static temperature$4nay be considered as equal:
Oy = Oggx =ty + 273,15

The Mach fagctors Fyy1 and Fpp are equal to 1.

34.2.4.1.1 [alculation of mass flowrate

For corresppnding setups, the procedures described in:34.2.3.1 are followed.

For the prodedure described in 34.2.3.1.2, there'i$'no need for an iterative procedure to determine @7 pecause:
07 = B4g7 =17+ 273,15 =15 + 273,15

t7 being mepsured in the test duct:

py = P7___ P7
RN@7 Rw@sg7

In the samg way, for 34.2:3-1.3:
O = Oyg3 =13 v 273,15 13 + 273,15

However, inp any ¢ase, the correction of e as a function of the Reynolds number should be applied.

34.2.4.1.2 'Catcutationof-fanpressure
34.2.4.1.2.1 Fan inlet pressure

Assuming that
without auxiliary fan:
0;=03=01= 9591 =0,=1,+273,15

with auxiliary fan:
O3= (9393 =01 = @591 =13+ 273,15

and ({3 — 1)3 is determined by test.
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p3

-_P3
Rw@3

In accordance with 14.9.1

Psg1 = P3

+%P3V,7213[1+(Cs—1)3]

2
1
=p3 +E(A_m) [“‘(53—1)3]
or
2
1
Pesg1 = Pps—+ P4 {i’;} [1'+(§J— I)J]

where pe3 an

The pressure

i ({3 _1)3 are negative [see 34.2.3.2.1 b)].

p1 may be determined by the following procedure:

V2 1 q 2
P1= Psgi|~ P %1= Psg =5 (T’?]
where
Pq P
pP1= =
Ry®1  RyOsq

A first value (

(P1)1

)

K
(P1)1 =p

Pe1 = P1

Two or three

The pressure

1

P1=E

Pe1= P11
P

P1

D1)1 is obtained with (p1)1 = psgs

ol

calculation steps are sufficientfor a calculation accuracy of 10-3 on pg1.

Psgi
w61

1

92 (p1h

~ Pa

4m
A

p1 may also be determined by the following expression:

2
2 q
Bsq1 t+ J Psg1 — 2(7’:] RO

" Pa

R4

D1

34.2.41.2.2

At the fan outlet, p; = p, and the stagnation pressure psg, may be determined by the following expression:

1 5
Psgz = P2+ 2 P2V

172

Fan outlet pressure

m

1
= + —
P2 A,

k|
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__P
2= o,

R orPB

O =Osgp = O +

34.2.4.1.2.3 Fan pressure

The fan pressure prc and the fan static pressure pgrc are given by:

2 2
1 [ 9m 1 [ gm
= — = 4+ — = —_ [ 1+
PFC = Psg2 ~ Psg1 = Pa 20, [Azj {P3 203 [AS [ (43—1)3 ]}

1 2 1 ?
=§;);[i—';') - P93+§;;[%] [1+(C3-1)3]

PsFC | P2 = Psg1 = Pa — Psgl = ~ Pesg]l

D1+ P2
2

P

y
Am
34.2.4.1.3 | Determination of volume flowrate

The volumg¢ flowrate at inlet stagnation conditions is given by the following expression:

dm
Qvsgl F—
9 Psg1
Psgt
Psg1 =
¢ Rw@sg1

34.2.4.1.4 | Calculation of fan air power

The fan wprk 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 efficiepcies are determined in accordance with 34.2.3.5.

34.2.4.2 Referenice Mach number Ma;, ¢ less than 0,15 and pressure ratio less than 1,02

@1 = 63‘9’1_@2_@59'2_6_ — —E8—= mayo

The temperature in the test duct may be measured and:

Fmi=Fvmo=Fuz=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 34.2.4.1.1 with p, = pa.
34.2.4.2.2 Determination of fan pressure

34.2.4.2.2.1 Fan inlet pressure

Assuming that

O3=1,+273,15

When there igan auxiliary fan between pranes 7 and 3, the Temperature i3 in the test duct may be measyred:
6 = 9591 =6 = @>gZ =03= 6593 =13+ 273,15
P3=Pe3 1 Pa

In accordance|with 14.9

- _,,.1-,,2r4.ly \]
Psqi = P3|t 5 P3Vng |1+ (83-1)3 |
1 (q 2
=P3+—[—”") 1+(C3-1)3
2p3\ A3 [ ( )]
2
Pesg1 = Ph3 1 (am) r"+(§3 1)3]
I T 2ps\ag) L I
where

pez and (§3 — )3 < 0 [see 34.2.3.2.1 b)]

PB P3

Ry 93 Rw@sgti

The pressure|p; is given by the following(expression:

1 (q 2 A 2 1 (g 5
— —_—— | Am a3 P _—
P1= Psgi 2p3 [A3] (A1J Psqi 2p3 [A1 )

1 2
_ _ dm
Pe1 = Pedgl 2p3 ( A_1 j

P3=

34.2.4.2.2.2 (Fan outlet pressure

At the fan outlet

P2 =Pa
pPe2=0

and the stagnation pressure psq» is given by
2
1 2 1 (g
Psg2=Pat 2 P3Va=Pat - (—MJ

2p3 \ A2
2
Pesg2 =L(gﬂ]
23\ 4
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34.2.4.2.2.3 Fan pressure

The fan pressure pgc and the fan static pressure pgrc are given by the following expressions:

2 2
= — = + — = — 4+ — = 1+
PFC = Psg2 ~ Psg1 = Pa 2p3 (Azj pP3 2p3 [A:% [ (C3—1)3]

1 2 1 2
=E(%) - Pe3+$3_(%) [1+(C3-1)3]

PsFC = P2 — Psgl = Pa — Psg1 = ~ Pesg]

1ISO 5801:1997(E)

_ 1 (g V'l e A1
1Pe3‘r2p3 kAsJ [ 3=-T)3 JJ

34.2.4.2.3 |Determination of volume flowrate

The volumd flowrate in the inlet stagnation conditions is given by

q
Qvsgl T —
Psql
Psgt
Psgi =I5 —
9 Rw@5g1

34.2.4.2.4 | Calculation of fan air power
In accordarjce with 14.9.2.5
Pyc = qvsg1 PFC

Pysc 5{qvsg1 PsFC

34.2.4.2.5 | Calculation of fan efficiencies

Efficiencie$ are determined in accordance with 14.8.1 and 34.2.3.5.

34.25 Fah performances under test conditions

Under tesf conditions, the faperformances are the following:
— fan pregssure, prc
— fan static pressure, psrc

— inlet vplumeflowrate, gysg1

— fan efficiency, n.c

— fan static efficiency, nsc

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

PL3
= 0,503 20,303 | 20,505
Fan
PL1 PL2
t
PLS .
| T
‘ ' |
A |
—— ——
i ! ~ - o~
o . — 1 M7 . ___-HJ_ SIH o 1 ~\]_q
e : RSN LS
L o ! !
| r —
L
Ap Variable supply
system
Pe3
3) Flowrate determination using quadrant inletnozzle
V3riable supply PLS
system
1005 min. 0,303 min. 0,503 min.
+0.2505 PL3 Fan
8505 0 | 0.305 min. PL1 | PLP
+0,2505 i
SDs 0
T T
I
| .
= | - — : | i 3
[ ME- - —+—-8 3 —-—-%-—-——-—-Jrlé“ B R I
= S e.
|
| ! .
I
Ly /I
Vf]
Transition 0.10% min.
section
Settling means
A .
Pes P Pesg
Straightener Pitot-static tube traverse

b) Flowrate determination using Pitot-static tube traverse

Figure 75 — Type C test installations (inlet-side test chamber)
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Dimensions in millimetres
Variable supply

system l—lncluded angle suggested
703 I 5ds min. 0,303 min. 0,503 min.
bL7 I PL3 Fan
D7 £0,0205 0,303 min. PL1 PL2
|
- LI |
S PLS | HE
S| U
. Il 1l | ! Py
_H . _# — |Q"" _l__ SR SN
? i3} s
] JL |
|
|

|l %

“t

3

4,103 min.
Pe? Ap
Settling means
Tran_sifion Pesgs
section
Straightener or
smoothing means
1) D =19ds min.
c) Flowrate determination using in-duct Venturi nozzle
PL? PLS
. |
| Variable supply 0,203 min.; 0,503 min. s 3836  2.5ds min.
system ’
38 +6 0,503 min.
T PL3 — Fan
\ : 0,303 min. PL1 PL2
JiL |
]l I LI |
[} N wn 1 H
: 3| |1 -
. | ‘ ' A\ f
I IR . ‘

L | e !

i
' [}
/ ' '
“: | L

Il ts
4,103 min.
Pe? Ap
Pesg3
Settling means

a4\ -
Ur rowidie

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

— pressure, pe7 Or pes, upstream of the flowmeter;
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— chamber stagnation or static pressure pe3 Or pesga;

— Chamber temperature, t3.

In the test enclosure, measure

— atmospheric pressure, p,, at the mean fan altitude;
— ambient temperature, t,, near the fan inlet;

— dry- and wet-bulb temperatures, tq and t,.

Determine the ambient air density, p,, and the gas constant of humid air, R, (see clause 12).

34.3.3 General-procedure-forcompressible fluidflow

©1S0O

This procedurg should be applied when both the reference Mach number Mayet is more than Q18 and the fan

pressure ratio iis more than 1,02.
34.3.3.1 DetImination of mass flowrate

34.3.3.1.1 Th
controlled by ap adjustable screen loading with an auxiliary fan.

Assuming that
pe7=0
P7 = Pa

__Pp7
pP7 _RW67

the mass flowfate is given by the following expression}

2

where

o is thg flow coefficient function of the Reynolds number Regs estimated by the following exp

which the value of a is a‘mean value equal to 1:

0gds\2p78p o6

Regg = —]
“d5 =171+ 00486

e is the|expansibility coefficient;

mass flowrate is determined using a quadrant inlet nozzle, [see clause?24 and figure J

5a)l. Itis

ression, in

a and g are determined in accordance with 24.4 from the value of Regs 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 n
Pes = — ZPeSj
n -
j=1
D5 = Pes t+ Pa
By or Fey

9395 =3+ 27315 = @a +
dm Cp
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1%C , 05 i
A =|— ApS"
k-1
Ps K
O5 =06y 5[“]
g ps + Apm,
__Ps
Ps _RW65

The location of the measuring points j is given in 27.4 and figure 30.

The mass f

dm =0

where

ReD5 =

o varie

0,990 +

and

0,990

A first appr
34.3.3.1.3

Assuming ]

P7 = Pe

@sg7 F

@7=

The mass f

a

lowrate is given by the following expression (see 27.5):

2
sn% 2psApm

he expansibility coefficient in accordance with 27.5;

he correction factor or flow coefficient (see 27.6), depending upon the®eynolds number R

4q,

x 10°
nD5(17,1+ 0,048 15)

5 between

0,002 for Reps =3 x 106

0,004 for Repg =3 x 104
pXimation of g,, is obtained with o= 0,990 and corrected for the value of Repg (see 27.6).

The mass flowrate is determined using an in-duct Venturi nozzle, see clause 23 and figure
hat
y + Pa

1y + 27316 = @, £ 200" Fex

owrate g, is given by the following expression:

eps.

75 c).

Z

=Cen d—g N .ol A 2p74p
4 V- aAuﬂ4
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

C

\11 - aAuﬂ4
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C is the discharge coefficient of the nozzle, a function of the throat Reynolds number Regs (see 23.4.2 and

table 5);

oy, is a kinetic energy coefficient equal to 1,043 for a duct approach and to 1 for a chamber approach;

B=ds/D7

V2p78p .06

Re, s = aed
d5 ® 17,1+ 0,048t

For a first approximation:

0,95

1- TN

@7 = 6597

The first apprpximation of g,, obtained in these conditions allows calculation of new values‘of 67, p7,

thus g,

Two or three falculation steps are sufficient for a calculation accuracy of 10-3.

Red5, o and

34.3.3.1.4 The mass flowrate is determined using multiple nozzles in chamber, see clause 23 and figurg¢ 75 d).

Assuming thajt
P7=Pe7 1 Pa

BOsg7 = O = O3 = Osgz =13+ 273,15

__Py
pP7= R
d .
p=—21o
Dy

The mass floyvrate is given by the following.expression:

n

a2,
gm = EN Z [ Y —ZJ—J V2p7Ap
=1

where

€ is the expansibility‘coefficient in accordance with 23.4.3 and table 6.

C; is the discharge coefficient of the jth nozzle, which is a function of the nozzle throat Reynolds number

Red5 .

B=0ana-€=+e;

Cj = o; is calculated in accordance with 23.4 and table 5;
n is the number of nozzles.

For each nozzle, the throat Reynolds number Regs is estimated by the following expression:

Edesj,}2p7Ap 1 06

Reys;: =
45 7171+ 0,048 1,

with Cj =0,95

After a first estimation of the mass flowrate, the discharge coefficients C; 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 pressure pe3 is a gauge pressure;

— the chamber pressure pesg3 is @ gauge stagnation pressure.

a) The chamber pressure is a gauge pressure pes.

Assuming

Fypmz 1

P3=Pp3 + Pa
9591 FO3= 9593 =t3+ 273,15

P3 =1

The inlet stagnation pressure psg3 is given by the following expression:

Pesg3

b) The chamber pressure is an absolute stagnation pressure pesgs.

In these ¢

Psg3 | Pesg3 t Pa

O3 =

there is nq friction loss allowance _for.the inlet simulation duct of length 1D+, or 2D and

Psg1 9 Psg3

Pesgl

When an
account.

At the inlet 6fsthe duct, downstream of the inlet bell mouth, index 3.1.

Psg3.1

2
1 2 1 (g
Psg3 T P3+ 2 P3Vig =P3 + -~ [—m)

that

P3
Rw@3

2p3 \ A3

1 2
dm
p +__._. ——
e 2p3 (A3)

bnditions

9593 = @591 =13+ 273,15

— Pesg3

inlet simUlation duct longer than 1D or 2D is required, friction loss allowances mayj

= Psg3

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

P31= Psg3
sg p

P31

sg3

2
1 (4
Psgl = Psg3 + 5 [*‘"L] Y ()"

Pesgl

2p31 \ A

2
1 dm

= Posga + —— | I | R _

Pesg3 * 5 ( AJ ma1($3-1)

be taken into
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where

Mas 4, p3.1. Fpm3.q are determined in accordance with 14.4.3.2, 14.4.4 and 14.5.2.

(€3 — 1)1 < 0'is the conventional friction loss coefficient for the inlet simulation duct of diameter Dy and length L
in accordance with 30.6.

(¢a-1h= _A—DLT

The static pressure p; is determined by the following expression:

2
- 1 () .
P1= Psqi 2P1KA1J ™M
or
1 2
DPe1 = Pesg —Z_PT(Z_':) Fa

where Ma,, p1| Fpmn 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 outlégt
P2 = Pa

+ProrPe

9592 = ng1
AmCp
The Mach number Ma; and the density p, are determined-in accordance with 14.4.3.1 and figure 5.

P2l __ Pg

P2= RWGZ - RWQZ

2 2

1 (qm 1 fam
=p b—| 2| Fyo=p, + —— it | R
Psq2 = P2 20, ( Az) M2 = Pa 205 ( 2, M2

or

2
dm
= |dn| F
Pesg2 2h, ( AZ) M2

34.3.3.2.3 Fah pressure

The fan pressure pgg’and the fan static pressure psgc are given by the following expressions:
2
1 (g

PFC =Psg2 ~ Psgt =Pat |~ | M2~ Psgi
92~ Psg 2P2LA2J g

2
T (4m
=—| = F —
ZPZ(AZ) M2 = Pesgl

PsFC = P2 — Psg1 = Pa — Psgl = Pesgl

—P1tpy
Pm 5
2
k,=—
p 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:

Im
qysgl =
¢ Psg1
Psgi
Psg1 =
Rw@sg1

34.3.3.4 Determination of fan air power

34.3.3.4.1 Fan work per unit mass and fan air power

ISO 5801:1997(E)

pressions:

ons:

14.8.2.1 and

The fan wdrk per unit mass yc and the fan static work per unit mass ysc are given by the following’ex
2 2
) il ARG R ]
yc= +
Pm 2 2
2 2
_k2-m 1( dm j _1[ dm )
Pm 2\ Ap2) 2\ AP
2 2
Yoo = [P2=P1 _Ym_pP2-m _1( Im j
C = =
Pm 2 Pm 2 AP,
2
_|Pe2 = Per _1[ m )
Pm 2\ Ayp;
The corresponding fan air power Pyc and fan static air power\P sc are given by the following expressi
Pyc=V¥Cc qm
Pysc q¥sC qm
34.3.3.4.2 | Calculation of fan air power and compressibility coefficient
In accordafce with 14.8.2
Pyc = 1Vsg1 PFC kp
Pysc 4 qvsg1 PsFC kps
The compfessibility cogfficients kp and kps may be determined by two equivalent methods (see
14.8.2.2).
a) First method;
Zlogio
kys Ol =
P i Iog10l1+Zk(r—1)J
where
r=1+2C
Psg1
for ky or
r=1+ PsFC
Psqi
for kps and
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Z = k-1_ &%
K Qysg1 PFC
for kp, or
Z = k-1 K
K Qqysgl PsFC
for kps.

b) Second method

In(1+ x Z
kos oF ko (x ) ln(Hpr)
where
x=r-1% Prc
Psg1
or
x = PsEC
Psgt
and
z-Xl_R_

K| Qvsgl Psqgi

34.3.3.5 Calgulation of efficiencies
In accordancg with 14.8.1, the efficiencies are calculated using the following expressions:

— Fan efficiency:

_Pu(
Nic = P

— Fan statig efficiency:

P
NsrC =-qsC

—C

— Fan shaft| efficiency:
Pk

| O
Nsc P

— Fan shaf{] static_éefficiency:

Hisc
NsaC = g

-

34.3.4 Simplified procedures

34.3.4.1 Reference Mach number Ma,, less than 0,15 and pressure ratio more than 1,02
34.3.4.1.1 Determination of flowrate

O, = 6sgx

Fyvn = Fvz = Fyg =1

The procedures described in 34.3.3.1.1 to 34.3.3.1.4 apply.
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The temperature @7 in the test chamber may be measured and there is no need for an iterative procedure to
calculate ©.

In any case

34.3.4.1.2

. the correction of a as a function of the Reynolds number should be applied.

Determination of fan pressure

34.3.4.1.2.1 Fan inlet pressure

The absolute stagnation pressure in the chamber pesq3 is measured

9593 =03=0;= 9591 =134+27315

Psg3 = |
or given by

P3 = Pe

pP3=—r—

K

Psg3 =

Pesg3 T

Normally
Psg1 =

Pesg1 T

When fricti
the followin

esg3 Tt Pa
the following procedure:
B+ Pa
P3
w@3
q 2
pyt _ﬂ]
2p3 (A3
: 2
dm
s {22)
2p3 \ Az
Dsg3
Pesg3
pbn loss allowances may be made, the pressure p3 1 at the inlet of the simulation duct is ¢

g method:

Assuming that

letermined by

O3= 6'sgS = 6591
: 2
dm
P31=Psg3 5|,
1°9° 2ps; [A1 ]
For a first goproximation~{p3 1)1 = psg3
: 2
dm
PIINFPSg3 o7~ |
(Par)i= ps 2(pas)s ( A ]
_(p3rh
Pa1= _Rw@3
1 2
dm
P31=Psg3 ~ 5| —,
9% 2p3; ( A J

Two or three calculation steps are sufficient; p3 1 may also be calculated by the following expression:

2
1 2 q
P31=75| Psg3 *1/Psg3 — 2| =¢ RWQSQS
2 A
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