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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical

1 1 (=) 1l ++ £ 1 + + bt 1 +. &l ~H i
Comm|ss|0n ) UTT Al TTTditiTro UT Ticuirutturmnealr starfudaruizatutt.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the member-bedies casting a vote.

International $tandard 1ISO 9906 was prepared by Technical Committee ISO/TC 115; Pumps, Subcomnpittee SC 2,
Methods of measuring and testing.

This first editipn of ISO 9906 cancels and replaces 1SO 2548:1975 and ISO 3555:1977, which have been combined
and technically revised (see Introduction).

Annexes A, Bland C form a normative part of this International Standard.Annexes D to K are for information only.
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on

This International Standard combines and replaces the former acceptance test standards 1SO 3555:1977
(corresponding to grade 1 of this International Standard) and 1SO 2548:1975 (corresponding to grade 2 of this
International Standard), but there is an important change in the verification of guarantees, because the uncertainty
of measurement must not influence the acceptability of a pump and the tolerances are due to constructional

differences

only.

New tolera
the previou
Standard.

Contrary tg
guidance f
efficiencies

Terms use
but not in 4

contract, byit does not say anything about the rights or duties arising, if these values are not reached ¢

term “acce
successfull

nce factors have been introduced to ensure as far as possible that a pump which wasZac¢
s International Standards (ISO 2548 and/or 1ISO 3555) would also be acceptable under thi

this International Standard, 1SO 5198 is not to be understood as an acCeptance test
br measurements of very high accuracy and for the thermodynamic method for direct me
, but it does not recommend verification of guarantees.

 in this International Standard such as “guarantee” or “acceptance™should be understood
| legal sense. The term “guarantee” therefore specifies values_for checking purposes detg

ptance” does not have any legal meaning here, either\Therefore, an acceptance te
y alone does not represent an “acceptance” in the legal sense.

eptable under
5 International

code. It gives
asurement of

in a technical
rmined in the
r fulfilled. The
5t carried out
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Rotodynamic pumps — Hydraulic performance acceptance

tests — Grades 1 and 2

1 Scope

This Interngtional Standard specifies hydraulic performance tests for acceptance of rotodynamicpumg
mixed flowjand axial pumps, hereinafter simply designated as “pumps”). It is applicable to pumps of a
any pumpdd liquids behaving as clean cold water (such as defined in 5.4.5.2). It is neither conceg
structural details of the pump nor with the mechanical properties of their components.

s (centrifugal,
Ny size and to
rned with the

This Internptional Standard contains two grades of accuracy of measurement: grade 1 for higher accuracy, and

grade 2 foll lower accuracy. These grades include different values for tolerance™actors, for allowab
and uncertainties of measurement.

For pumps
input of les

produced in series with selection made from typical performance curves and for pumps
5 than 10 kW, see annex A for higher tolerance factors.

This Intern
associated

htional Standard is applicable both to a pump itself without any fittings and to a combinat
with all or part of its upstream and/or downstream fittings.

2 Normdtive references
The followipg normative documents contain provisions which, through reference in this text, constitutg
this International Standard. For dated referénees, subsequent amendments to, or revisions of,

publication$ do not apply. However, parties-to agreements based on this International Standard are ¢
investigate|the possibility of applying theimost recent editions of the normative documents indicats

undated references, the latest edition, of the normative document referred to applies. Members of
maintain registers of currently valid Intérnational Standards.

ISO 1438-1, Water flow measurement in open channels using weirs and Venturi flumes — Part 1: Thin
ISO 2186, |Fluid flow in clesed conduits — Connections for pressure signal transmissions betweer

secondary elements.

e fluctuations

a with power

on of a pump

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

-plate weirs.

n primary and

i-meters in full

ISO 3354, Measurement of clean water flow in closed conduits — Velocity-area method using, curren
conduits and underregular flow conditions.
ISO 3966, Measurement of fluid flow in closed conduits — Velocity area method using Pitot static tube

ISO 4373, Measurement of liquid flow in open channels — Water-level measuring devices.

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices — Part 1: Orifice plates, nozzles

and Venturi tubes inserted in circular cross-section conduits running full.

ISO 5198, Centrifugal, mixed flow and axial pumps — Code for hydraulic performance tests — Precision grade.

ISO 7194, Measurement of fluid flow in closed conduits — Velocity-area methods of flow measurement in swirling or

asymmetric flow conditions in circular ducts by means of current-meters or Pitot-static tubes.

ISO 8316, Measurement of liquid flow in closed conduits — Method by collection of the liquid in a volumetric tank.

ISO 9104, Measurement of liquid flow in closed conduits — Methods of evaluating the performan
magnetic flow-meters for liquids.

ce of electro-
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IEC 60034-2, Recommendations for rotating electrical machinery (excluding machines for traction vehicles) —
Part 2: Determination of efficiency of rotating electrical machinery.

IEC 60051, Recommendations for direct acting electrical measuring instruments and their accessories.

3 Terms, d

efinitions and symbols

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

NOTE 1 The definitions, particularly those given for head and net positive suction head (NPSH), may not be appropriate for
general use in hydrodynamics, and are for the purposes of this International Standard only. Some terms in current use but not

strictly necesss

NOTE 2 Tabld
Standard all fo

NOTE 3 In or
as given in ISQ

3.1
angular veloc
number of rag

w= 2T

3.2
speed of rotat
number of rot

3.3
density
mass per unit

34
pressure
force per unit

NOTE In th
pressure, exce
35

power

energy transf

ry 10r the use or this International Standara are not aefined.

1 gives an alphabetical list of symbols used, and Table 2 gives a list of subscripts. In)this
ulae are given in coherent Sl units. For conversion of other units to Sl units, see annex D,

1m
er to avoid any error of interpretation, it is deemed desirable to reproduce the definitions’ of quantiti

31 and to supplement these definitions by some specific information on their use inthis Internationd

ty
ians of a shaft per unit time

ion
htions per unit time

volume

area

S International Standard-all-pressures are gauge pressures, i.e. measured with respect to the
bt for atmospheric pressure and the vapour pressure which are absolute pressures.

brred per uniptime

nternational

es and units
\| Standard.

atmospheric

3.6
Reynolds nurTber
Re= E
\%

3.7

mass flow rate
external mass flow rate of the pump, i.e. the rate of flow discharged into the pipe from the outlet branch of the pump

NOTE 1 The following losses or abstractions are inherent to the pump:

a) discharge
b) cooling of
¢) liquid seal

necessary for hydraulic balancing of axial thrust;
bearings of the pump itself;

to the packing.
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NOTE 2 Leakage from the fittings, internal leakage, etc., are not to be reckoned in the rate of flow. On the contrary, all derived

flows for oth

er purposes, such as

O cooling of the motor bearings;

O cooling of a gear box (bearings, oil cooler), etc.

are to be reckoned in the rate of flow.

NOTE 3 Whether and how these flows are to be taken into account depends on the location of their derivation and of the
section of flow-measurement, respectively.

3.8

volume floy
outlet volur

Q:

o |a

NOTE In
quotient of t

3.9
mean velod

mean axial

NOTE At

3.10
local veloci

V rate
he flow rate has the following value:

this International Standard the symbol Q may also designate the volume flow rate in any given s
e mass flow rate in this section and the density. (The section may be designated by subscripts.)

ity
velocity of flow equal to the volume flow rate divided by the pipe cross section area

ention is drawn to the fact that in this case Q may .vary for different reasons across the circuit.

Ly

velocity of flow at any point

3.11
head

energy per

3.12
reference
any horizofr

NOTE Fg

3.13
height abo

unit mass of fluid, divided by-acceleration due to gravity, g

lane
tal plane used@s)a datum for height measurement

r practicalreasons it is preferable not to specify an imaginary reference plane.

e-feference plane

height of t

ection. It is the

cansidered Irminf above the reference Ihl:mn:\

NOTE Its

value is:

O positive, if the considered point is above the reference plane;

O negative, if the considered point is below the reference plane.

See Figures 3 and 4.
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3.14
gauge pressu

re

pressure relative to atmospheric pressure

NOTE 1 Its value is:

d

d

positive, if this pressure is greater than the atmospheric pressure;

negative, if this pressure is less than the atmospheric pressure.

©1SO

NOTE 2 All pressures in this International Standard are gauge pressures read from a manometer or similar pressure-sensing
instrument, except atmospheric pressure and the vapour pressure of the liquid, which are expressed as absolute pressures.

3.15

velocity head

kinetic energy
u?
29

3.16

total head

in any section

Hy =z, 1

where z is th
related to the

NOTE
Hy(abs) 7

3.17
inlet total hea

total head in t
Hl = Zl+

3.18
outlet total he|

total head in t

per unit mass of the liquid in movement, divided by g:

, the total head is given by:

P, UZ
pg 29

b height of the centre of the cross-section above the reference plane and p is the gaug
centre of the cross-section

The absolute total head in any section is given by:

2
+&+_pamb +U_X

ZX
P9 P9 29

i
ne inlet section of the-pump:

2
P, Ui
P9 29

hd

hé-outlet section of the pump:

H2222+

3.19
pump total he

2
P Uy
P9 29

ad

algebraic difference between the outlet total head H, and the inlet total head H;

NOTE 1 If the

compressibility is negligible, H =H, — Hj.

If the compressibility of the pumped liquid is significant, the density p should be replaced by the mean value:

Pm

_P1tp2

2

€ pressure
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and the pump total head should be calculated by the formula:

H=22

_21+pz—pl+U22-Uf
Pmlg 29

NOTE 2 The mathematically correct symbol would be Hy_,.

3.20

specific energy

energy per

y=gH

unit mass of liquid:

3.21
loss of hea

difference
section of t

3.22
loss of hea

i at inlet
petween the total head of the liquid at the measuring point and the total head of the ligu
ne pump

1 at outlet

difference hetween the total head of the liquid in the outlet section of the pump and the total head of th

measuring

3.23
pipe frictior
coefficient

3.24

net positive
NPSH
absolute in

NPSH

NOTE TH

3.25
NPSH datd

<multistage

point

loss coefficient
or the head loss by friction in the pipe

suction head

et total head above the head equivalent tothe vapour pressure relative to the NPSH datum

Pamb ~ Pv

=Hi-7p+
P19

m plane
pumps> horizoptal-plane through the centre of the circle described by the external

entrance egiges of the impéeller'blades

3.26
NPSH datd

<double inl

m plang
bt pumps with vertical or inclined axis> plane through the higher centre

NOTE Th

is NPSH relates to the NPSH datum plane, whereas the inlet total head relates to the reference plane.

id in the inlet

e liquid at the

plane:

points of the

e*manufacturer should indicate the position of this plane with respect to precise reference points on

the pump.

See Figure

Key

1 NPSH datum plane

1_ %ﬁ@%@

Figure 1 — NPSH datum plane
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3.27
available NPSH
NPSHA

NPSH available as determined by the conditions of the installation for a specified flow rate

3.28
required NPSH
NPSHR

minimum NPSH given by the manufacturer/supplier for a pump achieving a specified performance at a specified
flow rate, speed and pumped liquid (occurrence of visible cavitation, increase of noise and vibration due to
cavitation, beginning of head or efficiency drop, head or efficiency drop of a given amount, limitation of cavitation
erosion)

3.29
NPSH3

NPSH requirgd for a drop of 3 % of the total head of the first stage of the pump as standard basig for use in
performance gurves

3.30
type number
dimensionles$ quantity calculated at the point of best efficiency which is defined bythe following formula:

(gH,)3/4 y,3/4

where Q’is the volume rate of flow per eye and H"’ is the head ofithe first stage

K =

NOTE The type number is to be taken at maximum diameter ofithe first stage impeller.

3.31
pump power input
power transmjtted to the pump by its driver

3.32
pump power ¢utput
mechanical ppwer transferred to the iquid during its passage through the pump:

Pu=pQEH=pQYy

3.33
driver power ihput
power absorbged by the*pump driver

3.34
pump efficiency
pump power output divided by the pump power input

0|0

3.35
overall efficiency
pump power output divided by the driver power input

R

r’gr:P_gr
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Table 1 — Alphabetical list of basic Table 2 — List of letters and figures used
letters used as symbols as subscript
Symbol Quantity Unit Subscript Meaning
A Area m?2 1 inlet
D Diameter m 1’ inlet measuring section
E Energy J 2 outlet
e Overall uncertainty, relative value % 2' outlet measuring section
f Frequency s~1, Hz abs absolute
g Acceleration due to gravity & m/s2 amb ambient
H Pump total head m D difference, datum
H; losses in terms of head of liquid m f fluid in nqeasuring pipes
Equivalent uniform roughness m G guaranteed
K Type number (pure number) H pump total head
I length m gr combined motor/pump unit (overall)
m Vass kg m mean
n $peed of rotation s—1, min-1 M manometer
NPSH | Net positive suction head m n speed of rotation
p Fressure Pa P power
P Power W Q (volume) flow rate
q Nass flow rate P kg/s sp specified
Q olume flow rate © m3/s T translated, torque
Re Reynolds number (puresnumber) u useful
t Tolerance factor, relative value % \Y vapour (pressure)
t Time s n efficiency
T Torque Nm X at any section
U Vean velocity m/s
v Llocal velocity m/s
Y, olume m3
y $pecific energy, J/kg
z Height aboye reference plane m
z Difference-between NPSH datum m
Alang (s€e 3.25) and reference plane
n Efficiency (pure number)
©] Temperature °C
A Pipe friction loss coefficient (pure number)
% Kinematic viscosity m2/s
p Density kg/m3
0] Angular velocity rad/s
& In principle, the local value of g should be used. Nevertheless,
for grade 2 it is sufficient to use a value of 9,81 m/s2. For the
calculation of the local value g=9,780 3 (1 + 0,005 3 sin2¢) —
3 x 10~ 6.z, where ¢ s the latitude and zis the altitude.
b An optional symbol for mass rate of flow is g,
€ An optional symbol for volume rate of flow is g
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4 Guarantees

4.1 Subjects of guarantees

One guarantee point shall be defined by a guarantee flow Qg and a guarantee head Hg.

©1SO

The manufacturer/supplier guarantees that under the specified conditions and at the specified speed (or in some
cases frequency and voltage) the measured H(Q) curve will pass through a range of tolerance (see Table 10 and
Figure 2), surrounding the guarantee point.

Other tolerance ranges (e.g. only given by positive tolerance factors) may be agreed upon in the contract.

In addition, o
specified speg

a) the pumg

the comb
b) the requi
By special ag

suction head
for the guaran
upon betweer

4.2 Otherc

Unless otherw

a) Unless the chemical and physical properties of the liquid being pumped are stated, the guarantee
apply to ¢lean cold water (see 5.4.5.2).

b) The relajonship between the guarantee valdes-under clean cold water conditions and the likely p
under other liquid conditions shall be agreed-in the contract.

c) Guarantdes shall apply only to the pump as tested by the methods and in the test arrangements
this Interpational Standard.

d) The pump manufacturer/suppliershall not be responsible for the specification of the guarantee point

5 Executiop of tests

5.1 Subijectp of tests

5.1.1 General

ne or more of the following quantities may be guaranteed under the specified conditions
bd:

efficiency, ng, or in the case of overall pump driver unit,

ined efficiency, ngc; at the flowrate which is

in 6.4.2 and Figure 2.
ed net positive suction head (NPSHR) at the guarantee flow;

reement several guarantee points and the appropriate values of efficiency and required
bt reduced or increased flow rates may be guaranteed. The maxifmum power input may be
tee flow or for a range of operation. This, however, may require’ larger tolerance ranges tg
the purchaser and manufacturer/supplier.

pnditions of guarantee

ise agreed, the following conditions shall apply teithe guaranteed values.

and at the

defined

het positive
guaranteed
be agreed

points shall

erformance

specified in

If not otherwise agreed between the manufacturer/supplier and the purchaser, the following shall apply:

a) accuracy
b) tests sha

c)

according to grade 2;

Il be carried out on the test stand of the manufacturer's works;

the NPSH test is not included.

Any deviations from this shall be agreed between the purchaser and manufacturer/supplier. This should be done as

soon as possi

ble, and should preferably form part of the contract.

Among others, such deviations may be:

0 accuracy

according to grade 1;
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no negative tolerance factors (see 4.1);
tolerance factors corresponding to annex A;
statistical evaluation of measurement results according to annex |;

tests in a neutral laboratory or on site;

simulated construction of pumps (e.g. several rotors in same casing);

deviations from the requirements concerning the installation of the pump and the measuring apparatus;

O

Annex K shows a checklist of items where agreement between the purchaser and manufactu
recommenged.

5.1.2 Confractual tests — Fulfilment of the guarantee

The tests [are intended to ascertain the performance of the pump and to .cempare this with
turer's/supplier's guarantee.

The nominpted guarantee for any quantity shall be deemed to have beetimet if, when tested acg
Internationgl Standard, the measured performance fails within the tolerance’specified for the particulaf

clause 6).
When NPS

When a nu
the purcha

5.1.3 Addi

During the
packings a

5.2 Orga
5.2.1 Gen
Both, purch
5.2.2 Locs
5221 W

Performan

a requ|rement for the NPSH test.

HR is to be guaranteed, the type of test shall be specified (see 11.1.2).

mber of identical pumps are to be purchased, thelnumber of pumps to be tested shall be ag
ber and manufacturer/supplier.

tional checks

test, it may be noted if the behavjour of the pump is satisfactory in respect of the tg
nd bearings, of leakage of air or water, of acoustic emission and of vibrations?).

hization of tests

bral

aser and manufacturer/supplier shall be entitled to witness these tests.
tion of tests

brks tests

er/supplier is

the manufac-

ording to this
guantity (see

reed between

emperature of

e’tests should preferably be carried out at the manufacturer’s works, or at a place to be m

itually agreed

between th

eTanufacturer/supptier and-thepurchaser:

5.2.2.2 Site tests

Special agreement is necessary for performance tests on site providing all the requirements of this International
Standard can be satisfied. It is, however, recognised that the conditions at most sites often preclude full compliance
with this International Standard. In these instances site performance tests may still be acceptable providing the
parties have agreed how allowance is made for the inaccuracies which will inevitably result from departure from the
specified requirement.

1) Special International Standards for pumps are under study in ISO/TC 115.
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5.2.3 Date of testing

The date of testing shall be mutually agreed by the manufacturer/supplier and the purchaser.

5.2.4 Staff

Accurate measurements depend not only on the quality of the measuring instruments used but also on the ability
and skill of the persons operating and reading the measuring devices during the tests. The staff entrusted with

effecting the measurements shall be selected just as carefully as the instruments to be used in the test.

Specialists with adequate experience in measuring operations in general shall be charged with operating and
reading complicated measuring apparatus. Reading simple measuring devices may be entrusted to such helpers

who (upon pripr instruction) can be assumed to effect the readings with proper care and the accuracy reduired.

A test supervi|sor possessing adequate experience in measuring operations shall be mutually appointed. Normally,
when the test is carried out at the manufacturer's works, the test supervisor is a staff miember of the pump
manufacturer

During the tegts all persons charged with effecting the measurements are subordinated to the chief off tests, who
conducts and|supervises the measurements, reports on test conditions and the resuits of the tests and|then drafts
the test repoft. All questions arising in connection with the measurements and their execution are supject to his
decision.

The parties cgncerned shall provide all assistance that the chief of tests cansiders necessary.

5.2.5 State of pump

When tests alle not carried out in the manufacturer's works, oppoftunity shall be allowed for preliminary gdjustments
by both manufacturer and installer.

5.2.6 Test prpgramme

The programine and procedure to be followed in the te€st shall be prepared by the test supervisor and submitted to
both manufacturer/supplier and purchaser in ample-time for consideration and agreement.

Only the gugranteed operational data (see-4.1) shall form the basis of the test, other data determined by
measuremen during the tests shall have  merely an indicative (informative) function and it shall be so sfated if they
are included ih the programme.

5.2.7 Testind equipment

When deciding on the measuring procedure, the measuring and recording apparatus required shall be specified at
the same tima.

The test supprvisor“shall be responsible for checking the correct installation of the apparatus and its proper
functioning.

All of the measuring apparatus shall be covered by reports showing by callbraiion or by comparison with other ISO

or |IEC standards that it complies with the requirement of 6.2. These reports shall be presented if required.

Guidance for suitable period between calibrations of test instruments is given in annex E.

5.2.8 Records

All test records and record charts shall be initialled by the test supervisor and by the representatives of both the
manufacturer/supplier and purchaser if present, each of whom shall be provided with a copy of all records and
charts.

The evaluation of the test results shall be made as far as possible while the tests are in progress and, in any case,

before the installation and instrumentation are dismantled in order that suspect measurements can be repeated
without delay.
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After scrutiny, the test results shall be summarized in a report which is signed by the test supervisor alone, or
together, by him and representatives of the manufacturer/supplier and of the purchaser.

All parties specified in the contract shall receive a copy of the report.

The test report should contain the following information:

place and date of acceptance test;

manufacturer's name, type of pump, serial number, and possibly year of construction;

r diameter, blade angle or other impeller identifications;
teed characteristics, operational conditions during the acceptance test;
Cation of the pump's driver;

of test arrangement, diameters of measuring sections, description~of-the test proce
ring apparatus used including calibration data;

JS;

tion and analysis of test results;

5ions:

mparison of the test results and the guaranteed quantities,

termination of action taken in connection withiany special agreements that were made,
commendation whether the pump can‘be accepted or should be rejected and under what
e guarantees are not fully satisfied.the-final decision whether the pump can be accepted
e purchaser),

htements arising out of actiontaken in connection with any special agreements that were m
t sheet is given for guidance in annex J.

hrrangements

bral

pNs necessary to ensure satisfactory measurement of the characteristics of operation are
takinginto account the accuracy required for tests of grades 1 and 2.

a)
b)
c) impellg
d) guaran
e) specifi
f)  sketch
measy
g) readin
h) evalug
i) conclu
0O cd
O de
O re
th
th
0 st
A pump tes
5.3 Test
5.3.1 Gen
The conditi
subclause,
NOTE 1 TH

dure and the

conditions (if
Dr not is up to

ade.

Hefined in this

e performance of a pump in a given test arrangement, however accurately measured, cannot be a

ssumed to be a

correspondingly accurate indication of its performance in another arrangement.

NOTE 2 Recommendations and general guidance about suitable pipe arrangements to ensure satisfactory measurements are
given in clauses 7 and 8 and, if necessary, they can be used in conjunction with the International Standards on measurement
of flow rates in closed conduits concerning the different methods (see clause 7).

5.3.2 Standard test arrangements

The best measuring conditions are obtained when, in the measuring sections, the flow has

O

O

O

an axially symmetrical velocity distribution;

a uniform static pressure distribution;

freedom from swirl induced by the installation.
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For grades 1 and 2, verification is not required as it is not possible, in practice, entirely to meet these requirements.

It is possible to prevent a very poor velocity distribution or swirl by avoiding any bend or a combination of bends,
any expansion or any discontinuity in the transverse profile in the vicinity (less than four diameters) of the
measuring section.

Generally the effect of the inlet flow conditions increases with the type number K of the pump. When K > 1,2 it is
recommended to simulate the site conditions.

It is recommended that for standard test arrangements leading from reservoirs with a free surface or from large
stilling vessels in a closed circuit, the inlet straight length L shall be determined by the expression: L/D =K + 5,

where D is the Inir\r:- diameter._This is ncpnr‘ially valid for gmrla 1 tests

This expressi
that is not fittg
the bend ang
immediately U

by the installation and has a normal symmetrical velocity distribution.

Significant sw

O careful dg

O judicious

O suitable 4

It is recomménded not to install a throttle valve in the suction ‘pipe (see 5.4.4). Nevertheless, if this

avoided, for i

conformity with the requirements of 11.2.2.

5.3.3 Simula]

When from th
at the inlet of
installation ar
conditions are

If necessary,

careful Pitot {ube traverses, in-order to establish that the required flow characteristics exist. If not, t

characteristic

the fault in the flow (swirl ar/asymmetry). Specifications of the most widely used types of flow straighter

found in ISO
losses associ

5.3.4 Pumps

bn is also valid for an arrangement that includes, at a distance L upstream, a simple-ight-

d with guide vanes. Under these conditions, flow straighteners are not necessary in\the pi
the pump. However, in a closed circuit where there is neither a reservoir\nor a sti

pstream of the pump, it is necessary to ensure that the flow into the pump is free from sy
rl can be avoided by

psign of the test circuit upstream of the measuring section;

use of a flow straightener;

irrangement of the pressure tappings to minimize their inflience on the measurement.

stance for cavitation tests, the straight pipe length between the valve and the pump inlet s

ed test arrangements

e reasons given above it is agreed to test a pump under simulated site conditions, it is im
the simulated circuit the flow should as far as possible be free from significant swirl indd
d have a symmetrical velocity~distribution. All necessary provisions shall be made to ern
achieved.
for grade 1 tests the-velocity distribution of the flow into the simulated circuit shall be det
5 can be obtained, by the installation of suitable means, such as a flow straightener, adapte

194, But,care shall be taken to ensure that the conditions of test will not be affected by th
hted with.seme straightening devices.

tested with fittings

angle bend
e between
ling vessel
virl induced

cannot be
hould be in

bortant that
ced by the
sure these

ermined by
e required
0 to correct
ers can be
e pressure

If specified in the contract, standard tests can be carried out on a combination of a pump and the following:

a) associated fittings at the final site installation; or

b) an exact

c)

reproduction thereof; or

fittings introduced for testing purposes and taken as forming part of the pump itself.

The flow at the inlet and outlet of the whole combination shall comply with the requirements specified in 5.3.2.

Measurements shall be taken in accordance with 8.2.2.
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5.3.5 Pumping installation under submerged conditions

Where a pump, or a combination of a pump and its fittings, is tested or installed in conditions where the standard
pipe connection as described in 5.3.2 cannot be made owing to inaccessibility or submergence, measurements
shall be taken in accordance with 8.2.3.

5.3.6 Borehole and deep-well pumps
Borehole and deep-well pumps cannot usually be tested with their complete lengths of delivery main and,

consequently, the loss of head in the portions omitted and the power absorbed by any shafting therein, cannot be
taken into account. The thrust bearing will be more lightly loaded during the test than it would be in the final

installation. The measurements shall be taken in accordance with 8.2.3.

5.3.7 Self{priming pumps

In principlef the priming ability of self-priming pumps shall always be verified at the contractual statig suction head
with the atfached inlet piping equivalent to that in the final installation. When the test cannot be carfied out in the
described manner, the test arrangement to be used shall be specified in the contract.

5.4 Test ¢onditions

5.4.1 Test|procedure

The duratipn of the test shall be sufficient to obtain consistent resulfs regarding the degree of a¢curacy to be
achieved.

All measur¢ments shall be made under steady conditions of operation or unsteady within the limits given in Table 4.
A decision|to make measurements when such conditionstcannot be obtained shall be a matter jof agreement
between the parties concerned.

Verification| of the guarantee point shall be obtained by recording at least three (grade 2 tests) or five (grade 1 tests)
points of measurements closely and evenly grouped around the guarantee point, for example betwegn 0,9 Qg and
1,1 Qg.

Where, for| special reasons, it is necessary to determine performance over a range of operating|conditions, a
sufficient number of measurement poihts shall be taken to establish the performance within the limits |of uncertainty
stated in 6.p.

If the driving power available during a test on a test stand is insufficient, and if the test has to be |carried out at
reduced sgeed of rotation,the’test results shall be translated to the specified speed of rotation in acgordance with
6.1.2.

5.4.2 Staljlity of operation

5.4.2.1 Ggneral femarks

For the purposes of this International Standard, the following shall be considered.

a) Fluctuations: short-period changes in the measured value of a physical quantity about its mean value during

the time that a single reading is being made.

b)

Variations: those changes in value which take place between one reading and the next.

5.4.2.2 Permissible fluctuations in readings and use of damping

5.4.2.2.1 Direct visual observation of the signals delivered by measuring systems

For each quantity to be measured, Table 3 gives the permissible amplitude of fluctuations.
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Where the construction or operation of a pump is such that fluctuations of great amplitude are present,
measurements may be carried out by providing a damping device in the measuring instruments or their connecting
lines which is capable of reducing the amplitude of the fluctuations to within the values given in Table 3.

Since it is possible that damping will significantly affect the accuracy of the readings, use shall be made of
symmetrical and linear damping device, for example a capillary tube, which has to provide an integration over at
least one complete cycle of fluctuations.

Table 3 — Permissible amplitude of fluctuations as a percentage
of mean value of quantity being measured

Dormicaibla apnanlitada of £l at i atinn o
T CTT T S ST TP o o o ot toTttrioTTS

Measured quantity grade 1 grade 2
% %
Flow rate +3 +6

Pump total head
Torque

Power input

Speed of rotation +1 +2

When using a differential pressure device to measure flow rate, the permissible
amplitude of the fluctuations of the observed differential\pressure shall be + 6 %
for grade 1 and £ 12 % for grade 2.

In the case of separate measurements of inlet total pressure and outlet total

pressure, the maximum permissible amplitude of fluctuation shall be calculated on
the pump total head.

5.4.2.2.2 Automatic recording or integration of signals delivered by measuring systems

When the sighals delivered by the measuring systems are automatically recorded or integrated by the| measuring
device, the mpaximum permissible fluctuation amplitude of these signals may be higher than the vallie given in
Table 3, if

a) the measuring system used-includes an integrating device carrying out automatically, with the required
accuracyj the integration necessary to calculate the mean value over an integration period much fonger than
the respdnse time of the«Carresponding system;

b) the integfation necessary to calculate the mean value may be carried out later on, from the coptinuous or
sampled record of.the analog signal x (t). (The sampling conditions should be specified in the test report.)

5.4.2.3 Number’of sets of observations

5.4.2.3.1 Steady conditions

Test conditions are called steady if the mean value of all quantities involved (rate of flow, pump total head, power
input, torque and speed of rotation) are independent of time. In practice, test conditions may be regarded as steady
if the variations of each quantity, observed at the test operating point for at least 10 s, do not exceed the values
given in the upper part of Table 4. If this condition is met, and if the fluctuations are less than the permissible values
given in Table 3, only one set of readings of individual quantities will be recorded for the test point considered.

5.4.2.3.2 Unsteady conditions

In such cases where the unsteadiness of test conditions gives rise to doubts concerning the accuracy of the tests,
the following procedure shall be followed.
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At each test point repeated readings of the measured quantities shall be made at random intervals of time, but not
less than 10 s, only speed of rotation and temperature being allowed to be controlled. All settings of the throttle
valve, water level, gland, balance water, etc. shall be left completely unaltered.

The difference between these repeated readings of the same quantities will be a measure of the unsteadiness of
the test conditions, which are at least partly influenced by the pump under test as well as by the installation.

A minimum of three sets of readings shall be taken at each test point, and the value of each separate reading and of
the efficiency derived from each set of readings shall be recorded. The percentage difference between the largest
and smallest values of each quantity shall not be greater than that given in Table 4. It should be noted that a wider
difference is permitted if the number of readings is increased (see Table 4).

Table 4 — Limits of variations between repeated measurements of the same quantity,
(based on 95 % confidence limits)

Permissible difference between largest and smallest readings
of each quantity, related to the meanvalue
Conditipns N‘grpf’ee;d?:‘;g y Flov{;?;ﬁé?;?ﬁetro }r?[l)l:]te o Speed of rotatipn
grade 1 grade 2 grade 1 grade 2

% % % %
Steafly 1 0,6 1,2 0,2 0,4
3 0,8 1,8 0,3 0,6
5 1,6 3,5 0,5 1,0
Unsteady 7 2,2 4.5 0,7 1,4
9 2,8 5,8 0,8 1,6
13 2,9 5,9 0,9 1,8
> 20 3,0 6,0 1,0 2,0

These maximum permissible differencestare designed to ensure that the uncertainties due to scatter, aken together
with the syptematic uncertainties given.in Table 7, will result in overall measurement uncertainties not greater than
those giver in Table 8.

The arithmgtic mean of all the'readings for each quantity shall be taken as the actual value for the pyrposes of the
test.

If the valuels given in_Table 4 cannot be reached, the cause shall be ascertained, the conditions rectified and a new
complete st of readings made, i.e. all the readings in the original set shall be rejected. No reading ¢r selection of
readings in|the set.ef observations may be rejected because it lies outside the limits.

In the case|wheére the excessive variation is not due to procedure or instrumentation errors, and canngt therefore be
eliminated, the limits of error may be calculated by statistical analysis.

5.4.3 Speed of rotation during test

Unless otherwise agreed, tests may be carried out at a test speed of rotation within the range 50 % to 120 % of the
specified speed of rotation to establish the flow rate, pump total head and power input. However, it should be noted
that when departing by more than 20 % from the specified speed of rotation the efficiency may be affected.

For NPSH tests, the test speed of rotation should lie within the range 80 % to 120 % of the specified speed of
rotation, provided that the rate of flow lies within 50 % and 120 % of the rate of flow corresponding to the maximum
efficiency at the test speed of rotation.

NOTE  For tests conforming to the requirements of 11.1.2.1 and 11.1.2.2, the above-mentioned variation may always be
allowed. For tests conforming to the requirements of 11.1.2.3 it may be allowed for pumps with type number K less than or
equal to 2; for pumps with type number K greater than 2, agreement should be reached between the parties concerned.

15


https://standardsiso.com/api/?name=63ffc9ce63225913929f8902c6b5be90

ISO 9906:1999(E)

5.4.4 Setting

pump total head

©1SO

The test conditions may be obtained, among other methods, by throttling in either or both the inlet and outlet pipes.
When throttling in the inlet pipe is used, due consideration shall be given to the possibility of cavitation or of air
coming out of the water, which might affect the operation of the pump, the flow measuring device or both (see

11.2.2).

5.4.5 Test on pumps for liquids other than clean cold water

5.45.1 General

The performance of a pump varies substantially with the nature of the liquid being pumped. Althou

possible to gi
another liquid
test the pump

Annexes G afd H may be considered as a guide.

5.45.2 Char

The characte
shall be withir]

The total diss

0 foranop
0 foraclos
5.45.3 Char

h it is not

Ve general rules whereby performance with clean cold water can be used to predict perfa
it is often desirable for the parties to agree on empirical rules to suit the particular circums
with clean cold water.

hcteristics of “clean cold water”

[istics of the water corresponding to what is called in this International Standard “clean
the limits indicated in Table 5.

Table 5 — Specification of “clean cold water”

Characteristics Unit max.
Temperature °C 40
Kinematic viscosity m2/s 1,75x 106
Density kg/m3 1050
Non-absorbent free solid content kg/m3 2,5
Dissolved solid content kg/m3 50

blved and free gas content.of the water shall not exceed the saturation volume correspondi
BN circuit, to the pressure and temperature in the pump sump;
ed loop, to those-gxisting in the tank.

hcteristics of liquids for which clean cold water tests are acceptable

Pumps for ligliids other'than clean cold water may be tested for head and for flow rate and efficiency with
water if the liquidAs Within the specifications in Table 62).

gf

rmance on
tances and

cold water”

9

clean cold

Table 6 — Characteristics of liquids

Characteristics of liquids Unit min. max.
Kinematic viscosity m2/s no limit 10 x 106
Density kg/m3 450 2000
Non-absorbent free solids content kg/m3 O 5,0

2) The usual NPSHR curves of pump manufacturers are established using clean cold water and the NPSHR values are
always given for clean cold water.
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The total dissolved and free gas content of the liquid shall not exceed the saturation volume corresponding

d

d

for an open circuit, to the pressure and temperature in the pump sump;

for a closed loop, to those existing in the tank.

Tests on pumps for liquids other than those specified above shall be subject to special agreement.

In the absence of a special agreement, cavitation tests shall be carried out with clean cold water. Attention is drawn
to the fact that the results may be affected by this procedure when the liquid to be pumped is not clean cold water.

6 Analys

6.1 Trans
6.1.1 Gen

The quanti

is of test results
lation of the test results to the guarantee conditions
bral

ies required to verify the characteristics guaranteed by the manufacturer/supplier and gi

generally measured under conditions more or less different from those on which the-guarantee is base

In order to
guarantee

determine whether the guarantee would have been fulfilled if the tests had been condug
conditions, it is necessary to translate the quantities measured under different condit

measured Qinder guarantee conditions.

6.1.2 Tran
density

All test da
translated {

If the devi
permissiblg
stated in 5
efficiency 1

Qr =

slation of the test results into data based on the specified speed of rotation (or frequency) 3

a obtained at the speed of rotation n in devijation from the specified speed of rotatiorn
p the basis of the specified speed of rotation 1sp.

ation from the test speed of rotationh-to the specified speed of rotation ngp, does ng
variations stated in 5.4.3, and if the deviation of the test liquid from the specified liquid is W
1.5.3, the measured data on the rate of flow Q, the pump total head H, the power input P,
can be converted by means ofithe equations:

Nsp.
f
O
|

Psp

o—=
p

&
o
N

en in 4.1 are
d.

ted under the
ons to those
ind

nsp shall be

t exceed the
ithin the limits
pnd the pump

nt=n

and the results obtained for the NPSHR can be converted by means of the equation

(NPSHR); = (NPSHR)

N

I:I

sp
n

I

0
0
0

O

As a first approximation for the NPSH, the value x = 2 may be used if the specified conditions given in 5.4.3 for the
speed of rotation and the rate of flow have been fulfilled and if the physical state of the liquid at the impeller inlet is
such that no gas separation can affect the operation of the pump. If the pump operates near its cavitation limits, or if
the deviation of the test speed from the specified speed exceeds the specifications given in 5.4.3, the phenomena
may be influenced by, for example, thermodynamic effects, the variation of the surface tension, or the differences in
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dissolved or occluded air content. Values of exponent x between 1,3 and 2 have been observed and an agreement
between the parties is mandatory to establish the conversion formula to be used.

In the case of combined motor pump units or when the guarantees are with respect to an agreed frequency and
voltage instead of an agreed speed of rotation (see 4.1), the flow rate, pump total head, power input, and efficiency
data are subject to the above-mentioned translation laws, provided that ngp is replaced by the frequency fsp and n
by the frequency f. Such translation, however, shall be restricted to cases where the selected frequency during the
test varies by no more than 1 %. If the voltage used in the test is no more than 5 % above or below the voltage on
which the guaranteed characteristics are based, the other operational data require no change.

If the above-mentioned deviations, i.e. £1 % for frequency and £5 % for voltage, are exceeded, it will be necessary
for the purchaser and the manufacturer/supplier to arrive at an agreement

6.1.3 Test mpde with an NPSHA different from that guaranteed

Pump perfornpance at a high NPSHA cannot be accepted, after correction for speed of rotation-within the permitted
ranges in 5.4.3, to indicate performance at a lower NPSHA.

However, pump performance at a low NPSHA can be accepted, after correction for(speed of rotation within the
permitted ranges given in 5.4.3, to indicate performance at a higher NPSHA, provided-that the absence gf cavitation
has been chefked in accordance with 11.1.2.2 or 11.1.2.3.
6.2 Measur|ng uncertainties

6.2.1 General
Every measufement is inevitably subject to uncertainty, even if the-measuring procedure and the instruments used,
as well as theg methods of analysis fully comply with the existing*fules and especially with the requirements of this
International $tandard.

6.2.2 Determlination of random uncertainty
For the purposes of this International Standard, the(random uncertainty on the measurement of a variable is taken

as twice the standard deviation of this variable( The uncertainty can be calculated and indicated as suich for any
measurement in accordance with 1ISO 5198.

When partial prrors (the combination of-which gives the uncertainty) are independent of each other, ar¢ small and
numerous angl have a Gaussian distribution, there is 95 % probability that the true error (i.e. the differengce between
the measured value and the true value) is less than the uncertainty.

6.2.3 Maximym permissible syStematic uncertainty

The uncertainty of a measurement depends partly on the residual uncertainty in the instrument or in thg method of
measurement used. After all known errors have been removed by calibration, careful measurement of dimensions,
proper installption etc. it remains an error which never disappears and cannot be reduced by repeating the
measurements if'the same instrument and the same method of measurement are used. This component (of the error
is called “systematic uncertainty”.

Clauses 7 through 11 describe different methods of measurement and devices to be used to determine the flow
rate, pump total head, speed of rotation, pump power input, and NPSHR value in the range of accuracy required for
tests according to grades 1 and 2.

Devices or methods which are known by calibration or references to other standards to result in a measurement

with a systematic uncertainty not exceeding the maximum permissible values given in Table 7 may be used. These
instruments or methods shall be accepted by the parties concerned.
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Table 7 — Permissible values of systematic uncertainties
Permissible value
Quantity grade 1 grade 2
% %
Flow rate +15 +25
Speed of rotation +0,35 +1,4
Torque +0,9 +2,0
Pump total head +1,0 +25
Driver power input +1.0 +2.0
6.2.4 Ovelall measurement uncertainty
The random uncertainty due either to the characteristics of the measuring system or to vatiations of
guantity or|both appears directly as a scatter of the measurements. Unlike the systematic-dncertaint
uncertainty| can be reduced by increasing the number of measurements of the same quantity un
conditions.
The overall] measurement uncertainty is to be calculated by the square rootiof the sum of the s
systematic fand random uncertainties.
The overall measurement uncertainties shall as far as possible, be determined after the test taking int
measurement and operation conditions pertaining to the test.
If the recommendations relating to the systematic uncertainty, as¢ggiven in 6.2.3, and all the requireme
the test prpcedure as given in this International Standard are complied with, it may be assumed th

uncertainty,

(at 95 % confidence level) will not exceed the values given in Table 8.

Table 8 — Permissible values of overall measurement uncertainties

Quantity Symbol Grade 1 Grade 2

% %

Flow rate € +2,0 +3,5

Speed of rotation € +0,5 +2,0

Torque er +1,4 +3,0

Pump total head ey

Driver pawer input €pgr +15 +55

Pump power input (computed from ep

torquie and speed of rotation)

Rump power input (computed from & £20 +40

driver power and motor efficiency) ’ ’

the measured
y, the random
der the same

nuares of the

0 account the

nts relating to
at the overall

6.2.5 Det

rination of measurement uncertamnty i efficiency

The overall uncertainty in the overall efficiency and in the pump efficiency are to be calculated by the following

formulae

Cngr =

V& + &+ éy

o=\ b+ i+ §+ B
&= Dt &+ &

(if efficiency is computed from torque and speed of rotation)

(if efficiency is computed from pump power input)

Using the values given in Table 8, the calculations lead to the results given in Table 9.
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Table 9 — Resulting values of the overall uncertainties of efficiency

Quantity Symbol Grade 1 Grade 2
% %
Overall efficiency (computed from Q, H and Pgy) €ngr +29 +6,1
Pump efficiency (computed from Q, H, T and n) e, +29 +6,1
Pump efficiency (computed from Q, H, Py, and ) ey +3,2 +6,4
NOTE For taking into account additional uncertainties referred to, losses refer to 10.4.

©1SO

The uncertainties as given in Tables 8 and 9 indicate the possible deviations of the value of a quantity found by

measurement

6.3 Values

from its true value.

Df tolerance factors

Because of manufacturing uncertainties during completion, geometrical deviations from the\drawings 3

every pump.
When compa
the possible
uncertainties.

It should be p
not to the test

To simplify th

These toleran
be applied to

In the absenc

Other toleran

ing the test results with guaranteed values (operation points), toleranees shall be allowe
deviations in operating dates between the tested pump and a punmip without any ma

ointed out that these tolerances in operating behaviour of the’pump are relative to the rea
conditions and the measuring uncertainties.
b verification of guaranteed values, the introduction of.tolerances factors is recommended.

ce factors, +tg , +ty and t, on the flow rate, pump total head and pump efficiency, respec
he guarantee point Qg, Hg.

b of a specific agreement on the values to be used, the values given in Table 10 shall be us

Table 10 —Values of tolerance factors

Quantity Symbol Grade 1 Grade 2
% %
Flow rate to +45 +8
Pump total head ty +3 +5
Pump efficiency t, -3 -5

e ranges (e.g. only given by positive tolerance factors) may be agreed in the contract.

re given at

1, including
nufacturing

] pump and

tively, shall

ed.

The perform

ce’of pumps produced in series and with selection made from typical performance curve

5 published

in catalogues and pumps with a power input less than 10 kW may vary. Tolerance factors for those pumps are
indicated in annex A.

6.4 Verification of guarantees

6.4.1 General

The verification of each guarantee shall be accomplished by comparing the results obtained from the tests with the
values guaranteed in the contract (including their associated tolerances).
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6.4.2 Verification of guaranteed flow rate, head and efficiency

The results of measurements shall be translated to the specified speed (or frequency) according to 6.1.2. They shall
then be plotted against the flow rate, Q. Curves of best fit to the measured points will represent the performance of
the pump.

A tolerance cross with the horizontal line +to-Qg and the vertical line £ty-Hg is drawn through the guarantee point
Qa, He-

The guarantee on the head and flow rate have been met if the H(Q)-curve cuts or at least touches the vertical
and/or horizontal line (see Figure 2).

The efficieicy shattbe derivedfronm the measured H{Q)-curve Where it 15 Mersected by the straight line passing

through the specified duty point Qg, Hg and the zero of the QH-axes and from where a vertical dine|intersects the
n(Q)-curve

The guarantee condition on efficiency is within tolerance if the efficiency value at this point\6f intersegtion is higher
than or at Ieast equal to ng (1—t;) (see Figure 2).

NOTE If the measured values of Q and H are larger than the guaranteed values Qg ‘and Hg but within|the tolerances

Qg + (tg'Qg) and and also the efficiency is within tolerance, the actual power input may.be higher than that assumed in the
data sheet.

6.4.3 Verilication of guaranteed NPSH

For checking the effect of cavitation and the value of the guaranteed:NPSHR, the requirements givep in 11.1 shall
be compliefl with.

Pump total head, m

Volume flow rate, m3/s

Figure 2 — Verification of guarantee on flow rate, head and efficiency

6.5 Obtaining specified characteristics
6.5.1 Reduction of impeller diameter

When it appears from the tests that the characteristics of the pump are higher than the specified characteristics, a
reduction of the impeller diameter is generally carried out.
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If the difference between the specified values and the measured values is small, it is possible to avoid a new series
of tests by applying proportionality rules which allow the evaluation of the new characteristics.

The application of this method and the practical conditions for reducing the impeller diameter shall be the subject of
a mutual agreement.

Annex B of this International Standard gives some indications which may be applied when the reduction of the
mean outlet diameter of the impeller does not exceed 5 % for pumps of type nhumber K < 1,5.

6.5.2 Speed variation

If a pump with_a variable speed drive fails to meet or exceeds the guarantees, the test points may be recalculated

for a different
In the absen
1,02 ngp. In st

7 Measure
7.1 Measur
ISO 4185 indi
The weighing
tank, may be

weighing, to n
fluid, and als

speed of rotation, provided that the maximum allowable continuous speed of rotation is pot
e of a specific agreement, the maximum permitted speed of rotation may be takenh-3
ch cases, a new test is not required.

ment of flow rate
bment by weighing
Cates all necessary information for the measurement of the liquid\flow rate by the weighing
method, which gives only the value of the average flow rate“during the time taken to fill th
considered the most accurate method of flow rate measurement. It is affected by errors

neasuring the filling time, to the determination of the density taking into account the temper
b there may be errors in connection either with diverting the flow (static method) or wi

phenomena at the time of weighing (dynamic method).

7.2 Volume
ISO 8316 indi

The volumetr
the average fl

The calibratio
determined ei

The volumetri
the measurer
tightness of th

However, the
one can use,
or topographi

ric method
cates all necessary information for the measurement of the liquid flow rate by the volumetri

c method approaches the accuracy’of the weighing method and, similarly, only supplies t
pw rate during the time it takes'to fill the gauged capacity.

h of the reservoir may bé obtained by measuring the water level after successive volumg
ther by mass or by means of a gauged pipette, are poured into the reservoir tank.

c method is affected by the errors relating to the calibration of the tank, the measurement o
hent of filling{ime and also by errors in connection with diverting the flow. Moreover,
e reservoir shall be checked and a leakage correction made if necessary.

exceeded.
1S equal to

method.
e weighing
relating to

ature of the
th dynamic

method.

he value of

s of water,

[ the levels,
the water-

e exists-a variant of the volumetric method which can be used on-site and for larger flow r

shall, howeve

C procedures. A guide on the use of this method will be given in the revised version of IE

measuring the levels which might be neither steady nor uniform.

7.3 Differential pressure devices

60041. It

The construction, installation and use of orifice plates, nozzles and Venturi tubes are the subject of 1SO 5167-1,
whilst ISO 2186 gives specifications on connecting piping for the manometer.

Attention should particularly be drawn to the minimum straight lengths to be adhered to upstream of the differential
pressure device; these are specified in ISO 5167-1 for various configurations of piping. If it is necessary to place the
differential pressure device downstream of the pump (which is not covered in the tables referred to); the pump may
be considered for the purposes of this International Standard to create a disturbance in the flow equivalent to a
single 90° bend either in the same plane as the pump volute or the last stage of a multistage pump or the outlet
branch of the pump.
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It should also be noted that the diameter of the pipe and the Reynolds number shall fall within the ranges specified
in 1ISO 5167-1 for each type of device.

It shall be assured that the flow measuring apparatus is not influenced by cavitation or degassing which can occur,
for example, at a control valve. The presence of air can usually be detected by operating the air vents on the
measuring device.

It shall be possible to check the differential pressure measurement apparatus by comparison with a liquid column
manometer or a dead-weight manometer, or with other pressure calibration standards.

If all the requirements of the relevant standards are met, the discharge coefficients given in the standards can be

used without calibration.

7.4 Thin-

The specif
givenin IS

Particular &

blate weirs

cations for the construction, installation and utilisation of rectangular or triangular, thin-p
D 1438-1. ISO 4373 specifies the level measuring device.

ate weirs are

ttention is to be drawn to the great sensitivity of these devices to the upstream flow conditions and thus

to the necefssity to comply with the requirements for the approach channel.

For the application of this International Standard, the smallest scale division of all instruments|used for the
measurement of the head over the weir shall not be more than that correSponding to 1,5 % of the flow rate to be
measured.

7.5 Velodity area methods

These methods are the subject of 1ISO 3354 and 1SO 3966, which deal with discharge measurements in closed

conduits by
specificatio
velocities &

The compli
that can be

Except in
order to av

7.6 Trace

These met
parts of wh
using eithe

As for the
by speciali

Ns concerning conditions of application, choice’and operation of the apparatus, measure
hd calculation of the flow rate by integration ofsthe velocity distribution.

cation of these methods does not justifyltheir use for grade 2 tests, but they are sometimes
applied when testing pumps with large-flow rates for grade 1 tests.

ery long pipe installations, it ispreferable that the measuring section be placed upstream ¢
pid too much turbulence or switling flow.

rs methods
nods, applied to thexmeasurement of the flow rate in the pipes, are the subject of ISO 2971
ich cover both«the“dilution method (constant rate injection) and the transit time method,

[ radioactive @r-ehemical tracers.

elocity area methods, the tracer methods are justified only for grade 1 tests. They should

7.7 Other

means of current meters and Pitot static tubes,\respectively. These standards give all the necessary

ment of local

the only ones

f the pump in

, the different

each method

only be used

ed staff\and it should be noted that the use of radioactive tracers is subject to certain constraints.

methods

Some apparatus such as turbines, electromagnetic (ISO 9104) or even ultrasonic, vortex or variable-area flowmeters,
may be used, provided they are calibrated beforehand by means of one of the primary methods described in 7.1 or 7.2.
When installed permanently on a test facility, the possibility of a periodic check of their calibration shall be taken into
account.

The calibration shall bear on the whole of the flowmeter and the associated measuring system. The calibration should
normally be carried out under the actual operating conditions (pressure, temperature, water quality, etc.) prevailing
during the tests. Attention shall be paid to ensure that the flowmeter is not affected by cavitation during the tests.

Turbine and electromagnetic flowmeters do not require very long upstream straight pipe lengths (a length of five
times the pipe diameter is in most cases sufficient) and achieve a very good accuracy. Ultrasonic flowmeters are
very sensitive to the velocity distribution and shall be calibrated under the actual conditions of operation. The use of
variable area flowmeters should be restricted to grade 2 tests.
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8 Measurement of pump total head

8.1 General

8.1.1 Measurement principles

©1SO

The pump total head is calculated in accordance with its definition (3.19). Expressed as a height of pumped liquid
column, it represents the energy transmitted by the pump per unit weight of liquid.

The concept of head may be replaced by that of specific energy (y =gH, see 3.20) which represents the energy

transmitted by

the pump per unit mass of liquid; although less usual, its use is to be recommended.

The various ¢@
inlet section §
tests). In pra
cross-section
taken of the f
local head los

k-
"

H=Hy—|
where Hj-and

Subclause 8.1
losses.

8.1.2 Variouy

Depending or
determined ei
between inlet

|

Total heads
measurement
measuring se

8.1.3 Uncertginty of measurement

The uncertain
each term of
methods used

uantities specified in the definition of pump total head in 3.19 should as a rule be detenn
b, and the outlet section S, of the pump (or of the pump set and fittings which is the‘su

ses), and the pump total head is given by

Hy -+ Hjp + Hyp

and outlet and adding the difference in velocity head if any (see Figure 10).

ty of the pump total head measurement shall be obtained by combining the estimated unc
which it is composed) thus the manner of conducting this calculation depends on the mg

tice, for convenience and measurement accuracy, the measurements are generally cal

ction losses in the pipe, i.e. Hj; between S;-and S; and Hj;, between S, and™ Sy (and pos

H,-are the total head at S;-and S;.

defines the measuring sections in various types of installations’and a method of estimatir
measurement methods
the installation conditions of the pump and on the layout of the circuit, the pump total hg

her by measuring separately the inlet and outlet’total heads, or by measuring the different

may also be deduced either from- pressure measurements in conduits or from

and it is only possible to give some general information for the various errors involved, as

ined in the
bject of the
rried out in

5 Si-and Sy' some way upstream from S; and downstream from S, (Figure 3). Thus, accolint shall be

sibly of the

g the head

ad may be
al pressure

vater level

S in basins. For these cases, subclauses 8.2 to 8.4 deal with the selection and arrangement of the
Ction, the various measuring devices which can be used, and the determination of the velog

ity head.

prtainties of
pasurement
ollows.

of the flow
evaluation
distribution

total head

a) The errofs in terms of height are generally negligible in comparison with other sources of error.
b) The errofs in terms’of velocity head arise on the one hand from the errors made in measurement
rate and jn measuring the section area, and on the other hand from the fact that taking U%/2g as arn
of the mgan.-velocity head is only an approximation which becomes more accurate as the velocity
become Horrr 6 ar-reach-a-stgnificantimportancer+elative—value fordow
pumps
c) The errors in level or pressure measurements shall be evaluated in each particular case by giving

consideration not only to the type of apparatus used but also to the conditions of use (quality of the pressure
tappings, water-tightness of the connecting pipes, etc.) and to the characteristics of the flow (unsteadiness,
fluctuations, pressure distribution, etc.).
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8.2 Definition of the measuring sections

8.2.1 Pump tested on a standardized installation

8.2.1.1 Inlet measuring section

906:1999(E)

When a pump is tested in a standard test arrangement as described in 5.3.2, the inlet measuring section shall
normally be located at a distance of two diameters upstream from the pump inlet flange, when the length of the inlet
pipe allows this. Should this length not be available (for instance in the case of a short bellmouth), in the absence of
a prior agreement, the available straight length should be divided so as to take the best possible advantage of the
local conditions upstream and downstream of the measuring section (for instance in the ratio 2 upstream to 1

downstrean

)

The inlet m
pump inlet
present a {
(grade 2 te

For grade 3
knowledge
that the pre

The inlet tq
reference [

pipe.

Errors in t
detected a

If the

consta
followq
effectg
should

a)

b) Ifthe g
be sels
the he

above

easuring section should be located in a straight section of pipe of the same diameter ahd T
flange, so that the flow conditions are as close as possible to those recommendedhin-5.3.
hort distance upstream of the measuring section, and if only one or two pressure tappin
5ts), these should be perpendicular to the plane of the bend. See Figure 3 and4:

P tests, if the ratio of the inlet velocity head to the pump total head is very(low (less than 0,5
of the inlet total head itself is not very important (this is not the case far-NPSH tests), it mal

tal head is derived from the measured gauge head, from the height of the measuring pq
lane and from the velocity head calculated as if a uniform“velocity distribution prevailed

e measurement of pump inlet head can occur at partial flow due to pre-swirl. These
d should be corrected as follows.

pump draws from a free surface reservoir.where the water level and the pressure ac
nt, the head loss between the reservoir,and the inlet measuring section, in the absenc

of pre-swirl lead to a departure from:this relationship at low flow rates, the measured in
be corrected to take this difference.into account (see Figure 5).

bcted sufficiently far upstréam where the pre-swirl is known to be absent and it is then poss
ad losses between thentwo sections (but not directly about the inlet total head) in the
See Figures 3 and 4-

pbaxial with the
D. If a bend is
gs are in use

%) and if the
y be sufficient

ssure tapping (see 8.4.1) be located on the inlet flange itself and not-at two diameters upstieam.

int above the
in the suction

brrors can be

ting on it are
b of pre-swirl,

a square law with flow rate. The value. of the inlet total head should follow the same law. When the

let total head

ump does not draw from a reservoir with a constant level and pressure, another measuring section shall

ible to predict
same way as
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N

Zy

H =H2_Hl

2 1.2
/- Uo-U)

H=2 -7+
P 29

_ 2 )2
Pmz ~ Pwr , U2 —Us +Hyp + Hy

P9 29

H=2 -2+ %~ fur +
NOTE 1 The inclined position of the pump is to show that z; and z; or zo and zy' respectively, may be different, which implies
a difference of the corresponding pressure.

NOTE 2 The drawing shows only the principle and not technical details.

Figure 3 — Determination of pump total head
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Key
1 Line of tofal head (total energy)
NOTE Infthis case for a horizontal shaft;z; =zp =2+
Figure 4 — ISemetric illustration of the determination of pump total head
R
Value of H1:b
H -
<
Onset of pre-swirl
2 Real value
0
Q 2

b Affected by pre-swanl

Figure 5 — Correction of inlet total head
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8.2.1.2 Outlet measuring section

The outlet measuring section shall normally be located at a distance of two diameters from the pump outlet flange.
For pumps with outlet velocity head smaller than 5 % of the pump total head, the outlet measuring section for grade
2 tests may be located at the outlet flange.

The outlet measuring section should be arranged in a straight section of pipe coaxial with the pump outlet flange
and of the same diameter. When only one or two pressure tappings are used (grade 2 tests), the pressure tappings
should be perpendicular to the plane of the volute or of any bend existing in the pump casing (see Figure 6).

The outlet total head is derived from the measured gauge head, from the height of the measuring point above the
reference plane, and from the velocity head calculated as if a uniform velocity distribution prevailed in the discharge
pipe. The determination of the total head may be influenced by a swirl of the flow induced by the pump or by an
irregular velocity or pressure distribution. The pressure tapping can then be located at a greatg¢r distance
downstream. [The head losses between the outlet flange and the measuring section shall be taken.into agcount (see
8.2.4).

Figure 6 — Pressure tapping perpéendicular to the plane
of the volute or to theplane of a bend

8.2.2 Pump tested with fittings

If the tests ar
fittings, these
flanges of the
head losses @

Nevertheless
head losses K
and the outle
8.2.4 and take

b on the combination of the pump and the whole or part of its upstream and downstream
being considered an integrakpart of the pump, the provision of 8.2.1 apply to the inlet
fittings instead of the inlet-and outlet flanges of the pump. This procedure debits against t
aused by the fittings.

if the guarantee is.on the performance of the pump only, the friction head losses and pd
etween the inlef total head measuring section and the inlet flange, Hj;, and between the g
total head measuring section, Hj», shall be determined in accordance with the method d
n into aceeunt in the calculation of the pump total head.

The same apJ)

8.2.3 Submelrged pumps and deep well pumps

lies,if the fittings are part of the facility and thus are not part of the pump.

connecting
and outlet
e pump all

ssibly local
utlet flange
escribed in

Pumps of this type cannot be tested in standard arrangements as described in 5.3.2; their installation conditions are
shown schematically in Figure 7.

The inlet total head is equal to the height above the reference plane of the free surface level of the liquid from which
the pump draws, plus the head equivalent to the gauge pressure prevailing above this surface.

According to the circumstances, the outlet total head can be determined either by a pressure measurement in the
discharge pipe (see 8.2.1.2) or, if the pump discharges into a free surface basin, by a level measurement in this
basin. In this case, and provided that the liquid is really at rest near the level measuring point, the outlet head is
equal to the height above the reference plane of the free surface level of the liquid in which the pump discharges
plus the head equivalent to the gauge pressure prevailing above this surface.

This procedure debits against the pump all the head losses arising between the measuring sections.
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If necessary, the friction head losses between the measuring sections and the contractual limits of the pump can be
determined in accordance with the method described in 8.2.4. The local head losses due to the singularities of the
circuit and to various fittings (suction filter, non-return valve, delivery elbow, valve, expanders, etc.) shall as far as
possible be specified when drafting the contract, by the party which provides these fittings. If this appears
impossible, the purchaser and the manufacturer/supplier shall agree the value to be adopted before the acceptance
tests.

As deep well pumps [Figure 7a)] are generally not tested with their whole vertical pipes, unless the acceptance test
is carried out on site, the friction head losses in the missing parts shall be evaluated and specified to the purchaser
by the manufacturer/supplier. If it appears necessary to verify the specified characteristics by an on-site test, this
shall be specified in the contract.

For tests of pumps of this kind, the guarantees may or may not apply also to the fittings.
P M1 P w2
1
// b vz __ Zw
\ ( / —|XI—->U2
M o ——
N / v,
——— XX _o
— = N P
< \ l’//
N N N ~ ?
= 1 1 -l 2
ail= N 1E /
_T —_ 2 __ﬂ_—
= / ——7
Key Key
1 Referende plane 1 Reference plane
2 NPSH dgtum plane 2 NPSH datum plane
Hy = z
Hl:Zl'+M+ﬂ(zM1_zl') 1 1
Py p 2
A = Prte——R42 s = %) + -2
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H :22.—zl+pM2+pf2(zM —22)+2—2
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P9 P 29
a) b)

Figure 7 — Measurement of pump total head H for various types of submerged pumps
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8.2.4 Friction losses at inlet and outlet
The guarantees under 4.1 refer to the pump inlet and outlet flanges, and the pressure measuring points are in
general at a distance from these flanges (see 8.2.1 through 8.2.3). It may therefore be necessary to add to the
measured pump total head the head losses due to friction (Hj; and Hjo) between the measuring points and the
pump flanges.
Such a correction should be applied only if

Hj1 + Hj2 = 0,005 H for grade 2 or

HJl + Hj;»=0002H for gmrln 1

If the pipe bg ular cross-

section, and @

btween the measuring points and the flanges is unobstructed, straight, of constant.Cirg
f length L then:

U2

Hy =2
J 29

k
i

The value of A should be derived from:

0251

| o
0910 %eﬁ 37D

k O

4
U

N

1
Vi
where
is the pipe equivalent uniform roughness;

is the pipe diameter;
is the relative roughness (pure number).

Annex C shows whether a correction needs:to*be made, and how to calculate the correction if necessary

If the pipe is pther than unobstructed, ‘straight, and of constant circular cross-section, the correction to|be applied
shall be the sfibject of special agreement in the contract.

8.3 Water lg¢vel measurement

8.3.1 Arranggment of the’measuring section

At the measufing site; the flow shall be steady and there shall be no local disturbance. If the free watef surface is
disturbed by gmaflkwaves or swell it may be necessary, depending on the type of measuring device used, to provide
a stilling well prasstilling box in communication with the basin through a perforated plate. The holes in thg plate shall

be small enough (about 3 mm to 5 mm in diameter) to damp the pressure fluctuations.

8.3.2 Measuring apparatus

Various types of water-level measuring apparatus may be used, according to the circumstances (free surface
accessible, steady or disturbed, etc.) and to the required accuracy with regard to the pump total head. The most
commonly used devices are:

a)

b)

vertical or inclined gauges, fixed to a wall;

the free surface;

c)

plate gau

30

ges, consisting of a horizontal metal disk suspended from a graduated steel-ribbon tape;

point or hook gauges, which have an imperative need of a stilling well and a supporting frame set close above
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d) float gauges, only to be used in a stilling well;

e) liguid manometers in absolute or differential form, as described in 8.4.3.1;

f)  bubbler apparatus, using a purge of compressed air;

g) immersed pressure transducers.

The three last types are particularly suitable where the free surface is inaccessible.

Such apparatus are described in ISO 4373.

8.4 Presqure measurements
8.4.1 Pregsure tappings

For grade 1 tests, four static pressure tappings shall be provided, symmetrically disposed-around the ¢ircumference
of each mejasuring section, as shown in Figure 8a).

For grade 2 tests it is normally sufficient to provide only one static pressure tappingjat each measurirlg section, but
when flow ¢an be affected by a swirl or an asymmetry, two or more may be necessary [see Figure 8b)].

+

Key
1 Vent
2 Drain

3 Connecting pipe to the pressure
measurinfy instrument

b) Grade 2: One pressure tapping

a) Grade 1f: Four pressure tappings connected by a ring manifold (or two in opposite position

Figure 8 — Pressure tapping for grade 1 and 2 tests

| -

\A
I oo |

¢d

I=25d r <d/1o
where d =3 mm to 6 mm or
1/10 pipe diameter, whichever is the smaller
a) Thick wall b) Thin wall

Figure 9 — Requirements for static pressure tappings
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Except in the particular case where their position is determined by the arrangement of the circuit (see 8.2.1.1 and
8.2.1.2), the pressure tapping(s) should not be located at or near the highest or the lowest point of the cross-
section.

Static pressure tappings shall comply with the requirements shown in Figure 9 and shall be free from burrs and
irregularities and flush with, and normal to, the inner wall of the pipe.

The diameter of the pressure tappings shall be between 3 mm and 6 mm or equal to 1/10 of the pipe diameter,
whichever is the smaller. The length of a pressure tapping hole shall not be less than two and a half times its
diameter.

The bore of th hall h an
being pumped. Any coating such as paint applied to the bore shall be intact. If the pipe is welded longitu
tapping hole ghall be displaced as far as possible from the weld.

h the liquid
dinally, the

When severa| pressure tappings are used, the pressure tappings shall be connected through~shut-off{cocks to a
ring manifold jof cross-sectional area not smaller than the sum of the cross-sectional areas-ofthe tappings, so that
the pressure from any tapping may be measured if required. Before making observations))the pressur} with each
individual tapping successively open shall be taken at the normal test condition of the (pump. If one of the readings
shows a diffgrence of more than 0,5 % of the total head with respect to the.atithmetical mean pf the four
measuremen

cause of this

When the sa
NPSH value ¢

Pipes connec
equal in bore

Any high poir
bubbles durin

Whenever po
ISO 2186 givd

8.4.2 Correc

Correction of
and the referd

P=Put

where p; is th

, or if it shows a deviation of more than one times the velocity head in the measuring s
pread shall be ascertained and the measuring conditions rectified, before the actual test is

e pressure tappings are used for NPSH measurement, this deviation shall not exceed
r one times the inlet velocity head.

ting pressure tappings to possible damping devices (S€e 5.4.2.2) and to instruments shall
fo the bore of the pressure tappings. The system shall be free from leaks.

t in the line of the connecting pipes shall be“provided with a purging valve to avoid tra
J measurements.

5sible, it is recommended that transparent tubing be used to determine if air is present in
s indications as to the connecting (pipes.

ion for height difference

the pressure reading py for height difference (zyy — 2) between the middle of the measu
nce plane of the pressure measuring instrument shall be made by the following equation:

P¢ L0007~ 3

e density ofithe fluid in the connecting pipe.

Care should

Possible erroffs aré minimized by short horizontal connecting pipes (zy — z= 0).

e taken-to ensure and to show that the whole length of the connecting pipe contains the

bection, the
started.

1 % of the
be at least

bping of air

the tubing.

ing section

same fluid.

8.4.3 Pressu

re measuring apparatus

8.4.3.1 Liquid column manometer

Liquid column

manometers which do not need to be calibrated may be used to measure low pressures.

The most commonly used manometric liquids are water and mercury, but other liquids with a density appropriate to
the pressures to be measured may also be used. If possible the use of liquid columns less than 50 mm high shall be
avoided. This length may be modified by providing an inclined manometer or by using an other manometric liquid. If
this is impossible, attention shall be especially drawn to errors of measurement.

In order to minimize capillary effects, the bore of the manometer tubes shall be at least 6 mm for mercury gauges
and 10 mm for water and other liquid gauges, and shall be the same in both branches.
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The cleanness of the liquid in the manometer and of the internal surface of the tubes shall be maintained to avoid
errors due to variation in surface tension.

The design of the manometer shall be such that parallax errors are minimized.
The interval between two scale graduations shall normally be 1 mm.

Liquid column manometers may be either open-ended, or closed with the air in the circuit connecting both limbs
compressed to the amount required to permit the differential head to be read on the scales, or formed by a U-tube
filled with the manometric liquid. In the first case, pressures are measured from a fixed reference plane and above
the surrounding atmospheric pressure which is taken as constant. The two last types allow the pump total head to
be obtained from a single differential measurement (see Figure 10).

When the donnecting pipe is filled with air, it may happen that a residual column (height h) of pumped Jiquid remains
at the level|of the mercury, then

p=pu[-Ipghl

AH

2,2 _ 2_(2
H= afy + 227910 g=Pm=pP1 Yo —US
29 P1 29

h) Air-water\differential manometer b) Mercury differential manometer

NOTE  THe drawings'show only the principle but not all technical details.

Figure 10 — Determination of pump total head by differential manometer

8.4.3.2 Dead-weight manometers

For pressures exceeding the possibility of the liquid column manometer, a dead-weight or piston manometer is of
practical use whether in its simple or in its differential form. However, it can only be used beyond a minimum
pressure corresponding to the weight of the rotating assembly.

The effective diameter Dg of the simple type manometer can be taken as equal to the arithmetic mean of the piston
diameter Dy, measured directly, and of the cylinder diameter Dc. It can then be used for calculating pressures
without further calibration if the following condition is satisfied before testing:

Mgo,l%
DC+Dp
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Friction between the piston and cylinder may be practically eliminated by rotating the piston at a speed not less than
30 min—1,

It is desirable to check the weight manometer by comparison with a liquid column manometer to determine the
effective piston diameter over as wide as possible a pressure range.

8.4.3.3 Spring pressure gauges

This type of gauge uses the mechanical deflection of a loop of tube, plain or spiral (Bourdon dial gauge) or a
membrane to indicate pressure.

If this type of apparatus is used to measure the pressure at inlet or outlet, it is recommended that:

a) each apparatus is used within its optimum measuring range (above 40 % of its full scale);
b) the interval between two consecutive scale graduations is between 1,5 mm and 3 mm;

¢) such divisions correspond to a maximum of 5 % of the pump total head.

The calibratiop of this measuring apparatus shall be checked regularly.

Figure 11 shows an arrangement for determining the reference plane of spring preSsure gauges.

1

Key
1 Reference plane of manometer

2 Open to atmpsphere

Figure 11 — Arrangement for determination of reference
plane of spring pressure gauges

8.4.3.4 Othef types of manometets

There is a large diversity of pressure transducers, absolute or differential, based on the variation of various |mechanical
and/or electrical properties{ They may be used provided the required accuracy, repeatability and rgliability are
achieved, the[transducer\$ used within its optimum measuring range, and the transducer together with its electronic
equipment arg calibratedregularly by comparison with a pressure device of higher accuracy and reliability.

9 Measurementofspeed-ofrotation

The speed of rotation can be measured by counting revolutions for a measured interval of time, by a direct indicating
tachometer, by a tachometric dynamo or alternator, by an optical or magnetic counter, or by a stroboscope.

In the case of a pump driven by an a.c. motor, the speed of rotation can also be deduced from observations of the

grid frequency and motor slip data either supplied by the motor manufacturer or directly measured (e.g. using an
induction coil). The speed of rotation is then given by the following formula:

n=ig f—é%
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where

ISO 9

i is the number of poles of the motor;

f isth

j

e measured grid frequency, in hertz;

906:1999(E)

is the number of images counted during the time interval At with a stroboscope synchronized with the grid.

Where the speed of rotation cannot be directly measured (e.g. for submersible pumps), it is usually sufficient to
check the grid frequency and voltage.

10 Meag

10.1 Gen

The pump
measurem

Where the
measured
the method

If necessar
10.2 Mesg

Torque sh
requiremen

Measuremg
10.3 Eled
Where the
the pump

sufficient a
and is to bg
This efficie

The electri
method. T
simultaneo

In the case

Urement of pump power input

eral

bower input shall be derived from measurement of the speed of rotation and torgue, or de
bnts of the electrical power input to an electric motor of known efficiency, directly coupled to

Dy a torque meter between gear and motor are used as a means for.determining the pum
for determining the losses due to the reduction gear shall be stated.in the contract .

y, see 1ISO 5198 for more information on the methods described.in the following.
surement of torque

all be measured by a suitable dynamometer oria torque meter capable of compl
ts of Table 8.

bnt of torque and speed of rotation shall, withif practical limits, be simultaneous.

tric power measurements

blectrical power input to an electric\motor coupled directly to the pump is used as a means
power input, the motor shall ke ‘operated only under conditions where the efficiency i
ccuracy. Motor efficiency shalkbe determined in accordance with the recommendations o
stated by the motor mantfacturer.

ncy does not take intg-account motor cable losses.

C power input tothe a.c. motor shall be measured by either the two-wattmeter or the th
his allows the-Use of single-phase wattmeters, or a wattmeter measuring two or
Lisly, or integrating watt-hour-meters.

of a d.C» motor, either a wattmeter or an ammeter and a voltmeter may be used.

fermined from
the pump.

power input to an electric motor coupled to an intermediate gear, or ¢he“speed of rotatipn and torque

D power input,

ing with the

bf determining
5 known with
IEC 60034-2

ree-wattmeter
three phases

The type a

ndZclass of accuracy of the indicating instruments for measuring electrical power shall be

n accordance

with IEC 60051.

10.4 Special cases

10.4.1 Pumps with inaccessible ends

In the case of combined motor-pump units (e.g. submersible pump or monobloc pump; or separate pump and motor
with overall efficiency guarantee), the power of the unit shall be measured at the motor terminals if accessible.
When a submersible pump is involved, the measurement shall be effected at the incoming end of the cables; cable
losses shall be taken into account and specified in the contract. The efficiency given shall be that of the combined

unit proper,

excluding the cable and the starter losses.
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10.4.2 Deep-well pumps

In this case, the power absorbed by the thrust bearing and the vertical shafting and bearings shall be taken into
account.

Since deep-well pumps in general are not tested with the entire stand pipe attached, unless the acceptance test is
performed at site, the thrust and vertical shaft bearing losses shall be estimated and stated by the manufacturer/
supplier.

10.4.3 Motor pump units with common axial bearing (other than close-coupled pumps)

In this case, if the power and the efficiency of the motor and those of the pump shall be determined separately, the

influence of tje axial thrust and possibly of the welght of the pump rotor on the 10sses in the thrast bear|ng shall be
taken into acqount.

10.4.4 Measprement of pumping unit overall efficiency

To determing| the efficiency of a pumping unit, only the power input and output are measured, with the driver
working undef conditions specified in the contract. In this test, the proportion of losses-between driving agent and
pump is not eptablished, nor any losses associated with intermediate machinery suchas“gear box or varlable speed
devices.

11 Cavitation tests

11.1 Genergl

11.1.1 Objeqt of cavitation tests

This Internatipnal Standard deals only with measurements relating to the hydraulic performance of the pump
(variations of head, flow, efficiency) and not with other effects which can be caused by cavitation (noise| vibrations,
material damage, etc.).

In no case sHall the cavitation tests be used to(check that the pump will be free from cavitation erosion during its
service life.

Cavitation cam be detected as a decrease.in head or efficiency at a given flow rate or as a decrease in flow rate or
efficiency at g given head. Mostly the criterion of head drop at a given flow rate is used. In the case of multistage
pumps, the h¢ad drop shall be relative’'to the head of the first stage, which should be measured if access|ble.

In most case$ cavitation tests~will be conducted with clean cold water. Cavitation tests in water cannof{ accurately
predict the behaviour of the_pump with liquids other than clean cold water (see 5.4.5).

In the case of|tests with\Jiquids at high temperature or near their critical points, it may be difficult or even|[impossible
to measure the NPSH-with the required accuracy (see 11.3.3).

11.1.2 Testtypes

11.1.2.1 Verification of guaranteed characteristics at a specified NPSHA

A check may be made simply to determine the hydraulic performance of the pump at the specified NPSHA without
exploring what the cavitation effects are.

The pump meets the requirements if the guaranteed pump total head and efficiency are obtained according to 6.4.1
under the specified flow rate and under the specified NPSHA.

11.1.2.2 Verification of the absence of influence of cavitation on the performance at a specified NPSHA

A check may be made to show that the hydraulic performance of the pump is not affected by cavitation at the
specified operating conditions.
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The pump meets the requirement if a test at a higher NPSH value than the specified NPSHA gives the same total

head and efficiency at the same flow rate.

11.1.2.3 Determination of NPSH3

In this test NPSH is reduced progressively until the drop of the total head (of the first stage) at constant flow rate
reaches 3 %. This value of NPSH is NPSH3 (see Table 11 and Figures 12 to 14.).

For very low head pumps, a larger head drop may be agreed upon.

Table 11 — Methods of determining NPSH3

Type of Open Open Open Open Open Closed Closed Closed Closed
installation sump sump sump sump sump loop loop loop sump or
loop
Independent Inlet throttle | Outlet Water level | Inlet throttle | Water level | Pressure in| Tempera: Pressure |in [ Tempera-
variable valve throttle valve the tank ture (vapour | the tank ture (vapour
valve pressure) pressure)
Constant Outlet Inlet throttle | Inlet and Flow rate Flow rate Flow rate Flow rate Inlet and outlet throttle
throttle valve outlet valves
valve throttle
valves
Quantities the | Total head, | Total head, | Total head | NPSHA, NPSHA, Total head, | NPSHA, NPSHA;
variation of flow rate, flow rate, flow rate total head, | total head;\} NPSHA, head, outlet | Head and f
which is NPSHA, NPSHA, NPSHA outlet outlet outlet throttle tota eha and tiow
dependent op | water level | water level throttle thrattle throttle valve (for Irate,l ; ena cgrta!n
control valve, (for | valve valve (for constant evehn dcaV|tat|on 1S
constant constant flow rate, reache
flow rate) flow rate; when head
when total | begins to
head begins | drop)
to drop)
Head
characteristi
curve versus See Figure 12a) See Figure 13a) See Figure 14a)
flowrate and
NPSH
NPSH
characterist See\Figure 12b) See Figure 13b) See Figure 14b)
curve versug
flowrate
= 0,03 H - 0,03 H = 0,03 H
/
//// NN i
&/é/ \ /:/;/’
——
o a & a % Q
a o a
= —_ = =
) o= =3
) )?\\\ _d \t
\
a, a a, @ Q, a
Figure 12
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11.1.2.4 Othgr cavitation tests

Other cavitati
case special §

11.2 Testir
11.2.1 Gene

The test des
installations d

It is possible
more difficult.

11.2.2 Gene

The circuit sh
affects the stg

bn criteria (e.g. increase of noise) and correspoending types of cavitation tests may be u
igreement in the contract is necessary.

stallations
al

ribed in 11.1.2 can be conducted by any of the methods indicated in Table 11 and in
pscribed in the following clauses.

0 vary two control'parameters and thus keep the flow rate constant during a test, but thi

al charactetistics of the circuit

il be stich that when cavitation appears in the pump, it shall not occur elsewhere to an ext
bility_or the satisfactory operation of the installation or the measurement of the pump perfor

5ed. In this

any of the

5 is usually

bnt where it
mance.

It shall be ensured that cavitafion and the bubbles and degassing produced by cavitation in the pump do not affect
the functioning of the instrumentation, particularly the flow measuring device.

The measuring conditions on the cavitation test rig, whether this be the same as that used for the determination of

the efficiency

curves or not, shall conform to the conditions specified in 5.3 and 5.4.

The types of installations described in 11.2.4 may necessitate special regulating valves at the inlet and outlet to
avoid cavitation in these items which could influence results.

Cavitation in the flow through a throttle valve can sometimes be prevented by using two or more throttle devices
connected in series, or by arranging for the throttle valve to discharge directly into a closed vessel or a large
diameter tank interposed between the throttle and the pump inlet. Baffles and means of extracting air from such a
vessel may be needed, especially when the NPSH is low.
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When a throttle valve is partially closed, it is necessary to make sure that the pipe is full of liquid and that pressure
and velocity distributions at the inlet measuring section are uniform. This may be achieved by use of a suitable flow

straightening device and/or a long straight pipe of at least 12 D length at the pump inlet.

11.2.3 Characteristics of the test liquid

The liquid shall be clean and clear and should not contain solid matter. As far as possible free gas should be
removed before the test.

De-aeration of water used for a cavitation test is necessary only if the pump is to be used in practice with

de-aerated

water.

Conversely
The geners
11.2.4 Tyq
NOTE 1 In
suitable for |

determinatid

NOTE 2 Tsg
compared td

11.241 @

The pump
temperatur

, to avoid de-gassing in any part of the pump, the water of the circuit should not be supersa
| flow conditions stipulated in 5.3 and 5.4, especially at the inlet of the pump, shall be fulfillg
es of installation

11.2.4.1 to 11.2.4.3, various types of installations which may be used are described. Such installati
quids other than cold water as the uncertainty in temperature measurement may, produce an exces

n of vapour pressure.

sts using the installations described in 11.2.4.1 and 11.2.4.2 will_give the more precise and
tests using the installation described in 11.2.4.3.

losed-loop arrangement

is installed in a closed pipe loop as shown in Figufé 15 in which by altering the pres|
b, the NPSH is varied without influencing the pump head or flow rate until cavitation occurs

turated.

d.

bns may not be
Bive error in the

eliable results

sure, level or
n the pump.

Arrangements for cooling or heating the liquid in the\loop may be needed in order to maintain the required
temperaturg, and a gas separation tank may also be reguired,

A liquid redrculation loop may be necessary to avoid unacceptable temperature difference in the test tank.

The tank shall be of sufficient size and so ‘designed as to prevent the entrainment of gas in the pymp inlet flow.
Additionally, stilling screens may be needed in the tank if the average velocity exceeds 0,25 m/s.

11.2.4.2 Qpen sump with level contrel

The pump [draws liquid through-an unobstructed suction pipe from a sump in which the level of the free liquid
surface maly be adjusted (Figure 16).

11.243 @

The pressu
lowest prad

pen sump. With throttle valve

re of the Tliquid entering the pump is adjusted by means of a throttle valve installed in the in
ticable level (Figure 17).

let pipe at the

11.3 Determination of the NPSH required by the pump

11.3.1 Methods of measuring various quantities

If not otherwise agreed the methods for the measurement of head, flow rate, speed of rotation and (if necessary)
power input during cavitation tests are those given in clauses 7 to 10.

Particular care is needed to ensure that in the measurement of flow cavitation does not affect the accuracy of the
flowmeter. It is also necessary to take care to avoid the ingress of air through joints and glands (e.g. by using a
water seal/barrier liquid).
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If the test con

maximum of
O 1,5times
O 0,2m,

ditions are so unsteady as to require repeated readings, variations in NPSH are permitted up to a

the values given for head in Table 7, or

whichever is the greater.

11.3.2 Determination of pressure

The vapour pressure of the test liquid entering the pump shall be determined with sufficient accuracy to comply with

the—vapour-pressure-isderived-fromstandarddataancd-themeasurement-of-thetemperature of the

11.3.3. When
liquid entering

The source of
The active elg
wall of the in
required by th

Care shall be

the measurements of inlet pressure.

11.3.3 Tolera

The maximum permissible value of the difference between measured and guaranteed NPSHR is

O forgrade

O forgrade

whichever is the greater.

Using the follg
(NPSHR
(NPSHR

Figures 15 to

e instrument manufacturer, then a calibration at that immersion depth will\be required.

ince factor for NPSHR

the pump, the necessary accuracy of temperature measurement shall be demonstrated:;

standard data to be used shall be agreed between manufacturer/supplier and purchaser.

ment of a temperature measuring probe shall be not less than 1/8 of the inlet/pipe diameter from the
s than that

et pipe. If the immersion of the temperature measuring element in the-inlet flow is les

taken to ensure that temperature measuring probes inserted into the'pump inlet pipe do n

1 +3% or typsyr =+0,15m,

INPSHR

2: +6% or typsyr = +0,30m,

INPSHR
wing formula, the guarantee is metif;

G T tnpsHR (NPSHR)G = (NPSHR)measured: Of

c + (0,15 m, respectively 0,3 m) = (NPSHR)mneasured-

17 show the principle-but no technical details and can be taken as examples.
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r gas content
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|// | i1 \\
5
8
9
+
i
NOTE Cqoling by means of a coil may be replaced by an injection of cool.water above the liquid free surfacd
of heated water.
Key
1 Cooling qr heating coils 4 Spray nozzle for liquid“de-aeration 7 lIsolating valve
2 Stilling s¢reens 5 Flowmeter 8 Measuring point fg
3 To vacuym or pressure control 6 Flow contraolvalve 9 Test pump
Figure 15 — Cavitation tests: Variation of NPSH by means of a closed loop
controlling-pressure and/or temperature
3 |
7 7B
|
___ — _—_ |—____ —
=i — — ===
__— - — 1= __— -
—_I'I= —I='l=
—||= 3. - 1—=||=
__J_\_:ﬂ
Key Key
1 Test pump 1 Test pump
2 To flow control valve and flowmeter 2 To flow control valve and flowmeter
3 Adjustable water level 3 Inlet pressure control valve

Figure 16 — Cavitation tests: Variation of NPSH
by control of liquid level at pump inlet sump

Figure 17 — Cavitation tests: Variation of NPSH
by means of an inlet pressure control valve
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Tolerance factors for pumps produced in series with selection made from

Annex A
(normative)

typical performance curves and for pumps with a driver power input less

than 10 kW (relevant to series pumps grade 2)

NOTE  This

A.1 Pump

The performahce curves in catalogues represent the mean (not the minimal) performances of a series

the same typsd
on power are

When the mgnufacturer/supplier makes reference in his catalogue to this’ ahnex, the following maxim
shall be used

O for flow rate to=+t9%

O for pumpltotal head th=x7%

O for pump|power input tp=+9%

O  for driver|power input  tpgr =+ 9 %

O for efficighcy th=—7%

A.2 Pumpg with a driver power input less than 10 kW

For pumps with driver power input 1€ss than 10 kW but greater than 1 kW, where friction losses in variol

cal componer
not be applicg

O flow rate
O pump tot

The tolerance

hnnex applies only to the allowable working range of the pump.

5 produced in series with selection made from typical performance curves

. This applies also to efficiency and power input. Therefore increased tolerances and even
necessary.

ts become relatively-important and not easily predictable, the tolerance factors given in T4
ble. In this case the tolerance factors shall be follows:

tQ:ilO%
bl head th=+ 8%

factor on efficiency, t,, if not otherwise agreed, may be calculated as follows:

0 O 0
t, == [0 n--L5+70%
g U 8

©1SO

f pumps of
tolerances

um factors

s mechani-
ble 10 may

where Py, is the maximum driver power input in kilowatts over the range of operation. A tolerance factor tpy, is

allowed using

the following formula:

togr =4(7 %)% +t2 %

NOTE
parties.
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Annex B
(normative)

Determination of reduced impeller diameters

If the characteristics of the pump are higher than the specified characteristics, a reduction of the impeller diameter is
generally carried out.

Subject to
mean outle

he agreement mentioned in 6.5.1, the following rule may be applied where the ratio of.re
t diameter of the impeller does not exceed 5 % for pumps of type number K < 1,5\if the

blades remiins unaltered after cutting (outlet angle, tapering, etc.).

The law allpwing the evaluation of the new characteristics is:

Py
1
o

where
D is the

subscri

Q& =R

N+

D?-DZ 0
th—Df%

diameter as given in Figure B.1
bt t = test

r = reduced

qQ

D

P O

Figure B.1 — Reduced impeller diameters

duction of the
shape of the

The efficiency may be assumed to be practically unaltered between the operating points for pumps of type number
K = 1,0 and for a reduction of the impeller diameter of not more than 3 %.
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Annex C
(normative)

Friction losses

©1SO

The formula given in 8.2.4 for calculating head losses due to friction involves a lengthly calculation, which in many

cases would |

ead to the conclusion that a correction need not be applied.

A preliminary| check as to whether a calculation needs to be made is given in Figure C.1 for grade

Figure C.2 fo

water. Inlet 4

upstream and downstream of the inlet and outlet flanges respectively (see 8.2.1).

If the pipes a
indicated, the

If “correction’

determine thdg

Moody given
roughness k t

calculation need not be made.

is indicated, Figure C.3 (which applies only to steel pipes handling cold water) may

ne values given in Table C.1 may be taken.

Table C.1 O Equivalent uniform-roughness  kfor pipes

Commercial pipe (new) material Equivalent uniform roughness  k of the surface

mm

Glass, drawn brass, copper or lead smooth

Steel 0,05

Asphalted cast iron 0,12

Galvanized iron 0,15

Cast iron 0,25

Concrete 0,30 to 3,0

Riveted steel 1,0to 10,0

| tests and

grade 2 tests. They apply to straight steel pipes of constant circular cross-section, "handling cold
nd outlet pipes are assumed to be of equal diameter, and measuring points_‘are twd diameters

re of different diameters, the diameter of the smaller pipe should be used, Then if “no cgrrection” is

be used to

value of A. In cases where pipes are of other material or the-liquid is not cold water, the graph by
n Figure C.4 may be used, or the formula for A given in 8.2.4May, if preferred, be solved. For the pipe
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Figure C.1 — Chart for grade 1 tests showing velocities above which loss corrections are required
(for measuring sections placed 2D upstream and downstream of the pump flanges)

45


https://standardsiso.com/api/?name=63ffc9ce63225913929f8902c6b5be90

ISO 9906:1999(E) ©1SO

o R
@ 90 a
= @
E &
2 450 %
2-80 / 09_.
&
70 / 10
/ / 15
60 4 200
/ / 25D
30D
v =
50 A~ 400
y N> 450
/ 500
625
40 / A 7 / 750
v, // 825
1000
No correction required /
20 //// 7
// Correction required
s
K //
e
0 =
0 1 2 3 L 5 6 7 8 9 10
Velocity, m/s

Figure C.2 — Chart for grade 2 tests showing velocities above which loss corrections are required
(for measuring sections placed 2D upstream and downstream of the pump flanges)
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Figure C.3 — Universal coefficient for head loss
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Universal coefficient for head loss, A
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Figure C.4 — Values of universal coefficient for head loss (Moody chart)
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