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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication/jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the(stibject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 9906 wgs prepared by Technical Committee ISO/TC 115, Pumps, Subcommittee SC 2, Methdds of
measurement and testing.

This second ddition cancels and replaces the first edition (ISO 9906:1999), which has been technically rgvised.
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Introduction
The tests in this International Standard are intended to ascertain the performance of the pump and to compare
this with the manufacturer’s guarantee.

The nominated guarantee for any quantity is deemed to have been metiif, where tested according to this International
Standard, the measured performance falls within the tolerance specified for the particular quantity (see 4.4).

© 1SO 2012 — All rights reserved
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INTERNATIONAL STANDARD I1ISO 9906:2012(E)

Rotodynamic pumps — Hydraulic performance acceptance
tests — Grades 1,2 and 3

1 Scope

This International Standard specifies hydraulic performance tests for customers’ acceptance of rotodynamic
pumps (centrifugal, mixed flow and axial pumps, hereinafter “pumps”).

This Ipternational Standard is intended to be used for pump acceptance testing at pump testfacflities, such as
manufacturers’ pump test facilities or laboratories.

It can|be applied to pumps of any size and to any pumped liquids which behave as clean, cold water.
This International Standard specifies three levels of acceptance:
— grades 1B, 1E and 1U with tighter tolerance;

— glades 2B and 2U with broader tolerance;

— glade 3B with even broader tolerance.

This Ipternational Standard applies either to a pump itself without any fittings or to a combination of a pump
assocjated with all or part of its upstream and/or downstrear# fittings.

2 ormative references

The fpllowing referenced documents are indispensable for the application of this documept. For dated
referepces, only the edition cited applies. Fot undated references, the latest edition of the referen¢ed document
(inclugling any amendments) applies.

ISO 1Y769-1, Liquid pumps and installation — General terms, definitions, quantities, letter symbols and units —
Part 1 Liquid pumps

ISO 17769-2, Liquid pumps. and installation — General terms, definitions, quantities, letter symbols and units —
Part 4: Pumping system

3 Terms, definitions, symbols and subscripts

3.1 [Terms-and definitions

For the_plrposes of this document the terms_definitions _quantities and symbals given in 1SQ 17769-1 and

17769-2 and the following apply.

NOTE 1 Table 1 gives an alphabetical list of the symbols used and Table 2 gives a list of subscripts; see 3.3.

NOTE 2 All formulae are given in coherent Sl units. For conversion of other units to Sl units, see Annex I.

3.1.1 General terms

NOTE All of the types of test in 3.1.1 apply to guarantee point to fulfil the customer’s specification(s).

31141
guarantee point
flow/head (Q/H) point, which a tested pump shall meet, within the tolerances of the agreed acceptance class

© 1S0O 2012 — All rights reserved 1
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3.11.2

factory performance test
pump test performed to verify the initial performance of new pumps as well as checking for repeatability of
production units, accuracy of impeller trim calculations, performance with special materials, etc.

NOTE

A typical performance test consists of the measurement of flow, head and power input to the pump or pump

test motor. Additional measurements, such as NPSH, may be included as agreed upon. A factory test is understood to
mean testing at a dedicated test facility, often at a pump manufacturer’s plant or at an independent pump test facility.

3113

non-witnessed pump test

3.1.1.31
factory test
test performg
responsible fq

NOTE Th
the purchaser i
may be accept

311.3.2

signed facto
test performg
responsible fq

NOTE Th
pump test docd
test, this test i

3114
witnessed p

NOTE Th
There are varid

311.41

witnessing b
testing physid
that the test id

NOTE Iti
witness testing
is conducted p|
disadvantage

methods, the s
the schedule o

r the data collection and judgement of pump acceptance

5 familiar with the performance of the pump (e.g. identical pump model order), a factory non-witness
bble.

ry test
d without the presence of a purchaser’s representative, imywhich the pump manufactyrer is

r compliance with the parameters of the agreed acceptange class
b pump manufacturer conducts the test, passes judgementof pump acceptance and produces a

substantially less expensive and often leads to accelerated pump delivery to the end user.

imp test

b witnessing of a pump test by a representative of the pump purchaser can serve many useful fun
us ways of witnessing a test.

y the purchaser’s representative
ally attended by a represéentative of the purchaser, who signs off on the raw test data to
performed satisfactority

possible for final*acteptance of the pump performance to be determined by the witness. The be
depends largéely-on the effectiveness and expertise of the witness. A witness cannot only ensure t
roperly, but.also observes operation of the pump during testing prior to pump shipment to the job
f witnesstesting can be extended delivery times and excessive cost. With just-in-time manufa
Cheduling of witness testing requires flexibility on the part of the witness and can lead to additional

the'witness causes delays in manufacturing.

d without the presence of a purchaser’s representative, in which the pump manufactirer is

b advantage of this test is cost savings and accelerated pump delivery to the pumpcser. In many cases, if

ed test

signed

ment. The advantage of this test is the same as seen on,the non-witnessed test. Compared to a witpessed

ctions.

certify

hefit of
he test
site. A
cturing
costs if

31.1.4.2

remote witnessing by the purchaser’s representative
pump performance testing witnessed from a distance by the purchaser or his/her representative

NOTE

With a remote camera system, the purchaser can monitor the entire testing remotely in real-time. The raw

data, as recorded by the data acquisition system, can be viewed and analysed during the test, and the results can be
discussed and submitted for approval. The advantages of this type of testing are savings in travel costs and accelerated

pump delivery.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=987a22d699c582dfa187aca568f82b42

ISO 9906:2012(E)

3.2 Terms relating to quantities

3.21

angular velocity

(0]

number of radians of shaft rotation

M

NOTE 1 It is given by:

w=27n
NOTE R—Hs-expressed-n-timere-g—s-L-where--is-givert-60-—minL
3.2.2

speed of rotation
number of rotations per second

3.2.3

mass|flow rate
rate of flow discharged into the pipe from the outlet connection of the pump

NOTE|1

NOTE|2

The mass flow rate is given in kilograms per second.

The following losses or limiting effects are inherent to the pufop:

a) discharge necessary for hydraulic balancing of axial thrust;

b) cpoling of the pump bearings.

NOTE|3

Leakage from the fittings, internal leakage, etez,are not to be reckoned in the rate of flow. On

derivedl flows for other purposes, such as

a) cpoling of the motor bearings, and

b) cpoling of a gear box (bearings, oil cooler)

are to pe reckoned in the rate of flow.

NOTE|4

Whether and how thesg flows should be taken into account depends on the location of their d

the segtion of flow-measurementrespectively.

3.2.4

volunpe rate of flow
rate of flow at the outlet of the pump, given by:

o=

q
o.

he contrary, all

brivation and of

()

NOTE

Inthis International Standard this Qymhnl may- also dnmgnnfn the volume rate of flow in any-given section. It

is the quotient of the mass rate of flow in this section by the density. (The section may be designated by subscripts.)

3.2.5

mean velocity
mean value of the axial speed of flow, given by:

U:

NOTE

3.2.6

0

A

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

local velocity
speed of flow at any given point

© 1SO 2012 — All rights reserved
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3.2.7
head

energy of mass of liquid, divided by acceleration due to gravity, g, given by:

y

g

H:

See 3.2.16.
3.2.8

reference plane

plane used as a datum for height measurement

(4)

any horizont
NOTE Fo

3.2.9

height abovg reference plane

height of the
See Figure A

NOTE Its

positive, if

negative,

3.210
gauge press

tonsidered point above the reference plane

1.

value is:

the considered point is above the reference plane;

f the considered point is below the reference plane.

Lire

pressure relafive to atmospheric pressure

NOTE 1 Its

positive, if

negative,

NOTE 2 All
instrument, exc

3.211
velocity hea
kinetic energy
vt
2g

3.212

value is:
this pressure is greater than the atmospheric pressure;

f this pressure is less than the atmospheric pressure.

bpt atmospheric pressure and-the’vapour pressure of the liquid, which are expres

)
of the liquid inimoevement, divided by g, given by:

practical reasons, it is preferable not to specify an imaginary reference plane.

bressures in this International Standard are gauge pressures read from a manometer or similar pressure S

ensing
sed as absolute pressuires.

(®)

total head

overall energy in any section

NOTE 1

where

The total head is given by:

z is the height of the centre of the cross-section above the reference plane;
p is the gauge pressure related to the centre of the cross-section.

NOTE 2  The absolute total head in any section is given by:

4

(6)

© 1SO 2012 — All rights reserved
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2
px +Pamb +U7x (7)

H =
x(abs) =Zx Tt pxg | pxg | 2g

3.213

inlet total head

overall energy at the inlet section of the pump

NOTE Inlet total head is given by:
2
U
Hy=zq+L 4ok ®)
pxg 2g
3.21

outlet total head
overall energy at the outlet section of the pump

NOTE Outlet total head is given by:

2

p
2 02 ©)
pxg 2g

H2 =zZy+t

3.214
pumg total head
algebraic difference between the outlet total head, Ho, and the_ inlet total head, H1

NOTE(1 If compressibility is negligible, H= H2 — H. If the compréessibility of the pumped liquid is significant, the density,
p, shotild be replaced by the mean value:

+
Ph = % (10)

and the pump total head should be calculated.by. Formula (12):

P2_P1+U22_U12 (11)

H=Zz—Z1+
Pm- & 2g

NOTE|2  The correct mathematical symbol is Hq_, .

3.2.16
specitic energy
energy of liquid, given-by:

y¥gH (12)

3.2.17
loss of head at inlet

difference between the total head of the liquid at the measuring point and the total head of the liquid in the inlet
section of the pump

3.218

loss of head at outlet

difference between the total head of the liquid in the outlet section of the pump and the total head of the liquid
at the measuring point

3.2.19
pipe friction loss coefficient
coefficient for the head loss by friction in the pipe

© 1S0O 2012 — All rights reserved 5
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3.2.20

net positive suction head

NPSH

absolute inlet total head above the head equivalent to the vapour pressure relative to the NPSH datum plane

NOTE 1 NPSH is given by:

NPSH=H1-zD+% (13)
.

NOTE 2  This NPSH relates to the NPSH datum plane, whereas inlet total head relates to the reference plane.

NOTE 3 A dlerogation has been given to allow the use of the abbreviated term NPSH (upright and not bold) as-a $ymbol
in mathematicgl formulae as a consequence of its well-established, historical use in this manner.

3.2.201
NPSH datum plane
<multistage pumps> horizontal plane through the centre of the circle described by the external points [of the
entrance edggs of the impeller blades

3.2.20.2
NPSH datum plane
<double inlet pumps with vertical or inclined axis> plane through the higher_ eentre

See Figure 1.

NOTE Iti§ the responsibility of the manufacturer to indicate the position of this plane with respect to precise reference
points on the pump.

Key
1 NPSH datym plane

Figure 1 — NPSH datum plane

3.2.21

available NPBH

NPSHA

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

NOTE A derogation has been given to allow the use of the abbreviated term NPSHA (upright and not bold) as a
symbol in mathematical formulae as a consequence of its well-established, historical use in this manner.

3.2.22

required NPSH

NPSHR

minimum NPSH given by the manufacturer for a pump achieving a specified performance at the specified
rate of flow, 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)

NOTE A derogation has been given to allow the use of the abbreviated term NPSHR (upright and not bold) as a
symbol in mathematical formulae as a consequence of its well-established, historical use in this manner.

6 © 1S0 2012 — All rights reserved
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3.2.23

NPSH3

NPSH required for a drop of 3 % of the total head of the first stage of the pump as standard basis for use in
performance curves

NOTE A derogation has been given to allow the use of the abbreviated term NPSH (upright and not bold) as a symbol
in mathematical formulae as a consequence of its well-established, historical use in this manner.

3.2.24
type number
dimensionless quantity calculated at the point of best efficiency

NOTE[T T1S given by:

2o o2
N34 34
(gH’) y

K| = (14)

where

d' is the volume rate of flow per eye;

I

" is the head of the first stage;

is given in s71.

S

NOTE|2  The type number is to be taken at maximum diameter of the-first stage impeller.

3.2.24
pumg power input
P2
powel transmitted to the pump by its driver

3.2.26
pump power output
hydratlic power at the pump discharge

NOTE Pump power output is given:by:

Pl=pQgH=pQy (15)

3.2.27
driver power input
powel absorbed by the pump driver

3.2.2

maxi:frnum shaft power
P2,max
maximum pump shaft power, as set by the manufacturer, which is adequate to drive the pump over the specified
operating conditions

3.2.29
pump efficiency
pump power output divided by the pump power input

NOTE Pump efficiency is given by:

_

n_
)

© 1S0O 2012 — All rights reserved 7
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3.2.30
overall efficiency
pump power output divided by the driver power input

NOTE Overall efficiency is given by:

(17)

© 1SO 2012 — All rights reserved
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3.3 Symbols and subscripts

Table 1 — Alphabetical list of basic letters used as symbols

ISO 9906:2012(E)

Symbol Quantity Unit
A Area m2
Diameter m
e Overall uncertainty, relative value %
f Frequency s71, Hz
g Acceleration due to gravity?@ m/s2
H Pump total head m
Hy Losses in terms of head of liquid m
k Equivalent uniform roughness m
K Type number Pure number
/ Length m
M Torque Nm
n Speed of rotation 51, min~!
NPSH Net positive suction head m
p Pressure Pa
P Power W
q Mass flow ratebP kg/s
0 (Volume) rate of flow® m3/s
Re Reynolds number Pure number
T Tolerance factor, relative value %
t Students distribution Plre number
U Mean velocity m/s
v Local velocity m/s
v Volume m3
v Specific energy J/kg
z Height abeyefeference plane m
zD Differéence between NPSH datum plane and reference plane (see 3.2.20) m
n Efficiency Plire number
0 Femperature °C
A Pipe friction loss coefficient Pure number
v Kinematic viscosity m2/s
D Density kg/m3
5 Argatarveloeity rad/s

level.

b An optional symbol for mass flow rate is gm.

¢ An optional symbol for volume rate of flow is ¢,.

a  |n principle, the local value of g should be used. Nevertheless, for grades 2 and 3, 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 ¢ is the latitude and Z is the height above sea

© 1SO 2012 — All rights reserved
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Table 2 — List of letters and figures used as subscripts

Subscript Meaning

1 inlet

1’ inlet measuring section

2 outlet (except for P2)

2’ outlet measuring section

abs absolute
amb ambient

D difference, datum

f liquid in measuring pipes

G guaranteed

H pump total head

h hydraulic

gr combined motor/pump unit (overall)

J losses

M manometer

n speed of rotation

P power

0 (volume) rate of flow

ref reference plane

sp specified

T translated, torque

v vapour (pressure)

n efficiency

X at any seection
4 Pump measurements.and acceptance criteria
41 General
The specified|and contractually agreed upon rated point (duty point), hereinafter “the guarantee point”, shall be

evaluated against one acceptance grade and its corresponding tolerance. For a pump performance tet this

specify guarante ' v = ' ' ' sc—required
(NPSHR). Where appllcable these optlonal guarantee parameters need to be specrfled for those tests see
respective tests in 4.4.3 and 5.8.

The acceptance grade tolerance applies to the guarantee point only. Other specified duty points, including their
tolerances, shall be by separate agreement between the manufacturer and purchaser. If other specified duty
points are agreed upon, but no tolerance is given for these points, the default acceptance level for these points
shall be grade 3.

A guarantee point may be detailed in a written contract, a customer-specific pump performance curve or similar
written and project specific documentation.

If not otherwise agreed upon between the manufacturer and the purchaser, the following shall apply.

a) The acceptance grade shall be in accordance with the grades given in Table 8.

10 © 1S0 2012 — All rights reserved
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b) Tests shall be carried out on the test stand of the manufacturer’s works with clean, cold water using the
methods and test arrangements specified in this International Standard.

c) The pump performance shall be guaranteed between the pump’s inlet connection and outlet connection.
d) Pipe and fittings (bends, reducers and valves) outside of the pump are not a part of the guarantee.

The combination of manufacturing and measurement tolerances in practice necessitates the usage of tolerances on
tested values. The tolerances given in Table 8 take into account both manufacturing and measurement tolerances.

The performance of a pump varies substantially with the nature of the liquid being pumped. Although it is not
possible to give general rules whereby performance with clean, cold water can be used to predict performance
with offrertiquidsitisdesirabteforthepartiestoagreeomempiricatrotestosuittheparticutarcjrcumstances.

For further information, see ISO/TR 17766.

If a number of identical pumps are being purchased, the number of pumps to be tested shall be agreed between
the pyrchaser and manufacturer.

Both the purchaser and manufacturer shall be entitled to witness the testing. 1P tests are ngt carried out
at thel manufacturer’s test stand, opportunity shall be allowed for verification-of the pump installation and
instrumentation adjustments by both parties.

4.2 |Guarantees

The manufacturer guarantees that, for the guarantee point and at\the rated speed (or in some casges frequency
and vpltage), the measured pump curve touches, or passes*thfough a tolerance surrounding the guarantee
point,|as defined by the applicable acceptance grade (see Jable 8 and Figures 2 and 3).

A guarantee point shall be defined by a guaranteed flow; O, and a guaranteed head, Hg.

In addlition, one or more of the following quantities may be guaranteed at the specified conglitions and at
the rated speed:

a) ap defined in 4.4.3 and Figures 4, 5.and 6,
1) the minimum pump efficiengy, ng, or the maximum pump input power, Pg, or

2) in the case of a combined pump and motor unit, the minimum combined efficiency} ngrG, or the
maximum pump metgr.unit input power, PgrG.

b) the maximum NPSHR-at the guarantee flow.

The maximum powerMnput may be guaranteed for the guarantee point or for a range of points along the
pump|curve. This/"however, can require larger tolerances to be agreed upon between the purchaser and
manufacturer.

4.3 F\Ileasurement uncertainty

4.3.1 General

Every measurement is inevitably subject to some uncertainty, even if the measuring procedures and the
instruments used, as well as the methods of analysis, fully comply with good practice and with the requirements
of this International Standard.

The guidance and procedures described in 4.3.2 and 4.3.3 are intended to provide general information to the
user, as well as practical procedures allowing the user to estimate measurement uncertainty with reasonable
confidence in applying the testing in conformity with this International Standard.

NOTE For comprehensive information on measurement uncertainty, see ISO/IEC Guide 99 and associated documents.

© 1S0O 2012 — All rights reserved 1
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4.3.2 Fluctuations

Where the design 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. A symmetrical and
linear damping device shall be used, for example a capillary tube, which shall provide integration over at least

one complete cycle of fluctuations.

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

Pormissible amplitude of fluctuations

Measured quantity Grade 1 Grade 2 Grade 3

% % %
Rate of flow +2 +3 +6
Differential head +3 +4 +10
Outlet head +2 +3 +6
Inlet head +2 +3 +6
Input power +2 +3 +6
Speed of rotation +0,5 +1 +2
Torque +2 +3 +6
Temperature 0,3°C 0,3°C 0,3°C

4.3.3 Statistical evaluation of overall measurement uncertainty

4.3.31 The

The random jcomponent due either to the characteristics of the measuring system or to variations
ntity or both appears directly as a seatter of the measurements. Unlike the systematic uncer
mponent can be reduced by increasing the number of measurements of the same quantity

measured qu
the randomc

the same conditions.

estimate of the random component (random uncertainty)

of the
tainty,
under

A set of readipgs not less than three(3) shall be taken at each test point. The random component, ¢r, shall be

calculated as

The estimate
standard devi
readings of flg

follows:

of the randont.component of measurement uncertainty is calculated from the mean and the
htion of the Qbservations. For the uncertainty of the readings, replace x with the actual measur,
w, O, head,'H, and power, P.

ement

12
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If n is the number of readings, the arithmetic mean, x, of a set of repeated observations x; (i=1...n)is

=%
=1y (18)

The standard deviation, s, of these observations is given by:

= S (19)

n-1

The relative value of the uncertainty, eg, of the mean due to random effects is given by:

. _100¢s
R f\/;

wherd ¢ is a function of n as given in Table 4.

% (20)

NOTE(1 If the value of the overall uncertainty, e, does not meet the criteria given in-Table 7, the valuq of the random
compgnent, er, of the measurement can be reduced by increasing the number of measurements of thel same quantity
under fhe same conditions.

NOTE[2  The random component, as defined in this International Standafd, is classified as Type A upcertainty (see
ISO/IHC Guide 99).

Table 4 — Values of Student’s y-distribution
(based on 95 % confidence level)

n t n t

3 4,30 12 2,20
4 3,18 13 2,18
5 2,78 14 216
6 2,57 15 2,14
7 2,45 16 2,13
8 2,36 17 2,12
9 2,31 18 211
10 2,26 19 210
1 2,23 20 2,09

4.3.3.2 The estimate of the instrumental measurement uncertainty (systematic uncertainties)

After all khown errors have been removed by zero adjustment, calibration, careful measurement ¢f dimensions,
propeT installation, etc., there remains an uncertainty which never disappears. This uncertainty cannot be reduced
by repeating the measurements if the same instrument and the same method of measurement are used.

The estimate of the systematic uncertainty of the uncertainty, es, is in practice based on calibration traceable
to international measurement standards. Permissible relative values for the systematic uncertainty in this
International Standard are given in Table 5.

© 1S0O 2012 — All rights reserved 13
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Table 5 — Permissible relative values of the instrumental uncertainty, es

Maximum permissible systematic uncertainty
(at guarantee point)

Measured quantity

Grade 1 Grades 2 and 3
% %
Rate of flow +1,5 +2,5
Differential head +1,0 +2,5
Outlet head +1,0 +2,5
Inlet head +1,0 +2,5
Suction head for NPSH testing +0,52 +1,0
Driver power input +1,0 +2,0
Speed of rotation +0,35 +1,4
Torque +0,9 +2,0

2@  See Annex J for explanation.

4.3.3.3 The

The value for
e= Je,% +

Permissible v|

NOTE Th
uncertainty (se|

overall uncertainty

overall uncertainty, e, is given by:

e§

e ISO/IEC Guide 99).

blues of overall measurement uncertainties, e, are\given in Table 6.

Table 6 — Permissible'values of overall uncertainties

(21)

b overall uncertainty, as defined in this International Standard, is equated with expanded measufement

Quantity Symbol Grade 1 Grades 2, 3
% %

Flow rate eo +2,0 +3,5
Speed of rotation e, +0,5 +2,0
Torque eT +1,4 +3,0
Pump total head en +1,5 +3,5
Driver pewer input epgr +1,5 +3,5
torut and speed of rotaton) er #1.5 £3.5
Pump power input (computed from

drivelr [I)ower anld m‘otor Iefficiency) ep =20 =40

14
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4.3.3.4 Determination of overall uncertainty of efficiency

The overall uncertainty of the overall efficiency and of the pump efficiency is calculated using Formulae (22),
(24) and (25):

engr = 1,6‘5 +e,21 +91239r (22)

if efficiency is computed from torque and speed of rotation:

en=Jed +ef + b +é? (23)

if effigiency is computed from pump power input:
e = eé+elz_1 +e% (24)

Using|the values given in Table 6, the calculations lead to the results given in Table 7.

Table 7 — Resulting greatest values of the overall uncertainties of efficiency

Quantity Symbol Grade 1 Grades 2 and 3
% %
Overall efficiency (computed from O, H, Pyy) Engr +2,9 +6,1
Pumgp efficiency (computed from Q, H, M, n) ey +2.9 +6,1
Pumgy efficiency (computed from O, H, Pgr, 1mot) ey +3,2 +6,4

4.4 Performance test acceptance grades and tolerances

4.4.1 | General

Six pdmp performance test acceptance grades, 1B, 1E, 1U, 2B, 2U and 3B are defined in this subclause.
Gradg 1 is the most stringent(@rade, with 1U and 2U having a unilateral tolerance and grades 1B, 2B and
3B hajving a bilateral tolerance.- Grade 1E is also bilateral in nature and is important to those concerned with
energy efficiency.

NOTE The grades 1U; 1E and 1B have the same tolerance for flow and head.

The ppurchaser and manufacturer may agree to use any grade to judge whether or not a specifi¢ pump meets
a guafantee point. If a guarantee point is given, but no acceptance grade is specified, this standard reverts to
a defqult teSt-acceptance grade, as described in 4.5.

Guardntee point acceptance grades for pump head, flow, power and efficiency are provided in Table 8. All
tolerances are percentages of values guaranteed.

© 1S0O 2012 — All rights reserved 15
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Table 8 — Pump test acceptance grades and corresponding tolerance

Grade 1 2 3
A‘L’Q 10 % 16 % 18 % Guarantee
Aty 6 % 10 % 14 % | requirement
Acceptance grade 1U 1E 1B 2B 2U 3B
0 +10 % +5 % +8 % +16 % +9 %
Mandatory
T +6 % +3 % +5 % +10 % 7 %
p +10 % +4 % +8 % +16 % +9 % )
Optional
o >0 % | 3% -5 % 7%
NOTE w[x = O, H, P, ) stands for the tolerance of the indicated quantity.

4.4.2 Tolerdnces for pumps with an input power of 10 kW and below

For pumps wi
If not otherwis

rate of flg

pump tot

The tolerancsg

(" =—{1(

where the pu
range of oper|

Tpgr = \ﬁ

4.4.3 Evalution of flow and head

Guarantee pd
based on spsd
motor and pu
installed with
be recalculats

The tolerancsg

th shaft power input of below 10 kW, the tolerance factors given in Table@ can be too strin
e agreed upon between the manufacturer and purchaser, the toleranceifactors shall be the foll
w 70 = +10 %;

bl head 77 = 8 %.

factor on efficiency, 7, if guaranteed, shall be calculated as given by Formula (25):
P.

(1-22)+7|%
10

Mp power input, Py, tallies with the maximum shaft power (input), P2 max, in kilowatts, oy
ption. A tolerance factor, 7pgr ,is allowgd-using Formula (26):

7)2+T,$ %

int evaluation shallhbe’performed at the rated speed. Test points do not have to be recalc
ed in cases where/the test speed is identical to the rated speed and for tests with a con
mp (i.e. submetsible pumps, close-coupled pumps and all pumps tested with the motor whi
he pump)..Ror tests in which the test speed is different from the rated speed, each test poir
d to the'rated speed, using the affinity laws.

s forflow and head shall be applied in the following manner.

gent.

bwing:

(25)

er the

(26)

ulated
bined
ch are
t shall

The pum

The pum

p flow tolerance shall be applied to the guaranteed flow, Og, at the guaranteed head, Hg;

p head tolerance shall be applied to the guaranteed head, Hg, at the guaranteed flow, Og.

Acceptance is achieved if either flow or head, or both, are found to be within the applicable tolerance (see
Figures 2 and 3).

16
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|

|

|

|

|

| 2 4

|

|

|

|

|

|

|

Oc X

Key
X rafe of flow, O
Y hedad, H

curve ]: crosses the head tolerance, P = pass

curve 2: crosses the flow tolerance, P = pass

curve 3: crosses both the head and flow tolerance, P«=-pass
curve 4: does not cross any tolerance, F = fail

curve $: does not cross any tolerance, F = fail

Figure 2 — Uni-lateral tolerance acceptance
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|

|

| 3

|

|

| 2 4

|

|

|

|

|

Oc X

Key
X rate of flow, O
Y head, H

curve 1: crossgs the head tolerance, P = pass

curve 2: crosses the flow tolerance, P = pass

curve 3: crosses both the head and flow tolerance, P = pass
curve 4: does rot cross any tolerance, F = fail

curve 5: does rot cross any tolerance, F = fail

Figure 3(= Bi-lateral tolerance acceptance

4.4.4 Evaluation of efficiency.or power

If efficiency
tolerance fac

r power has beeh guaranteed, it shall be evaluated against the applicable acceptance
r, i.e. the same as for Q/H in the following manner:

After a best-flt test curve (Q-H-/Q-nl or O-P-curves) is drawn and smoothly fitted through the measursg
points, an addlitional’straight line shall be drawn between the origin (0 rate of flow, 0 head) and the gua

point (rate of|flow/head). If necessary, this line shall be extended until it crosses the fitted test curv
intersection b i i i i

grade

d test
antee
. The

point, which is used for evaluation of efficiency or power. The measured input power or calculated efficiency
at this point shall be compared against the guaranteed value and the applicable power or efficiency tolerance

factors (see Figures 4, 5 and 6).

NOTE 1 The reason for using the “line from origin” method when evaluating the guaranteed efficiency or power is that it
best retains the pump characteristics if the impeller diameter is changed. Additionally, this method always gives one single

point of reference for evaluation.

NOTE 2  The tolerance limits for flow and head can be reduced as a result of adding a power guarantee.
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Key
X ra
Y1 pd
Y2 ef
Y3 he
1 lin
NOTE

e of flow, O

wer, PG

iciency, ng

ad, Hg

b of total head (total energy)

In this case for a horizontal shaft, z1 = zp = z'1.

Figure 4= Tolerance field for acceptance grades 1U and 2U
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Key
Y1

Y2
Y3

20

rate of flow, O

power, PG
efficiency, e
head, Hg
H(Q)
n(Q)
P(Q)

Figure-5.— Tolerance field for acceptance grade 1E
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Key

X ra
Y1 pdg
Y2 ef
Y3 he
1 H

n(
3 P

4.5

If a gy
revert

e of flow, O
wer, Pg
iciency, ng
ad, Hg

0)

D)
D)

Figure 6 -/ Tolerance field for acceptance grades 1B, 2B and 3B

Default test.acceptance grades for pump application

aranteg“point is given, but no acceptance grade is specified, Table 9 shall be applied and
5 to aldefault test acceptance grade, as given in Table 9, whereby only flow and head are

this standard
juaranteed. It
 have agreed

shall he-observed that Table 9 only applies to situations where the purchaser and manufacture
o a gll int | o | fiod

The default test acceptance table specifies the applicable acceptance grade for a pump based on the pump’s
maximum shaft power and the purchaser’s intended service for the pump. The purchaser always has the option
to specify his/her own preferred acceptance grade at the time that a guarantee point is agreed upon. If this is
done, it takes precedence over any classification provided by this table and this subclause (4.5) shall not be used.

© 1SO 2012 — All rights reserved
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Table 9 — Default acceptance grades

Shaft power of pump, P>
Application
>10 kW and <100 kW >100 kW
Municipal water applications 2B 1B
Municipal wastewater applications 2B 1B
Drainage pumps 3B 2B
Electrical power industry 1B 1B
Pumps in accordance with 1B 1B
Oil and gas industry ISO 13709
Water Injection N/A2 1B

Marine applicgtion 1B 1B
Chemical indystry 2B 2B
Cooling tower|applications 2B 2B
Pulp and papgr applications 2B 2B
Slurry applicafions 3B 3B
General indugtry applications 3B 2B
Irrigation appljcations 3B 2B
@  N/A =not gpplicable.

5 Test procedures

5.1 General

This Internati([nal Standard is intended for tests conducted at pump test facilities, such as manufacturers’|pump

test facilities
requirements
sites typically
tests may still

which inevitably results in a deviation fromthe specified requirements of this International Standard.

5.2 Date of testing

For witness te

5.3 Testp

In case of witn

preclude full compliance withthis International Standard. In these instances, site perforr
be acceptable provided the parties agree on how allowances are made for the added impre

sting, the date ef'testing shall be mutually agreed by the manufacturer and the purchaser.

ogramme

pssed tests, the programme and procedure to be followed in the test shall be submitted to the purg

NOTE The manufacturer is expected to deliver the information in ample time for consideration and agreemen

br laboratories. Special agreement .js(necessary for performance tests on site provided fll the
of this International Standard can be satisfied. Itis, however, recognised that the conditions gt most

nance
cision

haser.

t.

Test data other than that guaranteed, determined during the tests, shall have merely an indicative

(informative)

function.

5.4 Testing equipment

The test instrumentation used shall be documented and this information shall be made available to the customer
upon request. Instruments shall be periodically calibrated. Guidance for suitable periods between calibrations
of test instruments is given in Annex C.

5.5 Records and report

A complete set of records, written or electronic, shall be kept on file for a minimum of five years.

22
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In the case of withessed tests, all test records shall be initialled by representatives of the parties witnessing the
test, each of whom shall be provided with a copy of all records.

The testresults shall be evaluated to the extent possible, while the tests are in progress. In order that questionable
measurements can be re-evaluated, it is advisable that the installation and instrumentation remain intact until
accurate data are obtained.

If required, the test results shall be summarized in a report. Further guidance regarding the contents of a test
report and a suitable pump test sheet is given in Annex F.

5.6 Test arrangements

The ¢
here,

Thep
be a ¢
gener|
are gi
meas

5.7

5.71
The d

All m
other
perfo

A min
of the
The o
with p

NOTE
5.7.2
Unles

specif
of spsg

bnditions necessary to ensure satisfactory measurement of the characteristics of operatig
aking into account the measurement uncertainty required for tests of grade 1, 2 and-3.

brformance of a pump in a given test arrangement, however accurately measured;e¢annot b

bl guidance about suitable pipe arrangements to ensure satisfactory measubements for f
ven in Annex A and, if necessary, they can be used in conjunction with\the International
irement of flow rates in closed conduits concerning the different metheds (see D.3).

Test conditions

Test procedure
Liration of the test shall be sufficient to obtain repeatablé results.

pasurements shall be carried out under steady-state conditions (see 4.3.2 and Ta
vise specified, the tests shall be conducted\under conditions where cavitation does
mance of the pump.

mum of five test points shall be taken for all performance tests, regardless of acceptance |
points being within =5 % and 0 % and one being within 0 % and +5 % of the guarantee p
her three points shall be spaced ‘out over the allowable operating range of the pump perfor
pints taken near the maximuf-allowable head and flow regions.

Other test procedures‘apply to NPSH tests; see 5.8.

Speed of rotation during test

5 otherwise agreed, tests may be carried out at a speed of rotation within the range 50 % t
ed speed-of/rotation to establish rate of flow, pump total head and power input. In the cass
ed is within 20 % of the specified speed, the efficiency change is considered negligible.

For NPSH-\te

sts, the speed of rotation should lie within the range 80 % to 120 % of the spec
l ided f f flow | ithin 50 % 120 % of tf T !

rotati
efficie

5.8

5.8.1

5.8.1.1

n are defined

e assumed to

orrespondingly accurate indication of its performance in another arrangement:-Recommendations and

ow and head
Standards on

ble 3). If not
hot affect the

evel, with one
oint flow rate.
mance curve,

b 120 % of the
b the variation

fied speed of

ncy at the test speed of rotation.
NPSH tests
General

Objective of NPSH tests

the maximum

The objective of the NPSH test is to verify the pump’s NPSHR for the agreed guarantee. This test deals only
with measurements relating to the hydraulic performance of the pump (variations of head, flow, power) and not
with other effects, which can be caused by cavitation (e.g. noise, vibration, erosion).

© 1SO 2012 — All rights reserved
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Cavitation effects can be detected as a drop in head or power at a given rate of flow. In the case of multistage
pumps, the head drop shall be relative to the head of the first stage, which should be measured if accessible.
For very low head pumps, a head drop larger than 3 % may be agreed upon.

In most cases, cavitation tests are conducted with clean, cold water. Cavitation tests in water cannot accurately
predict the behaviour of the pump with liquids other than clean, cold water.

Air content can have a significant effect on measured NPSHR-values and shall be considered.

5.8.2 NPSH

5.8.2.1 Typegttest—Determinatiomof NPSH3formuitipte flowrates

In this test, N
This value of
evaluated wit

5.8.2.2 Type Il test — Determination of NPSH3 for a single flow rate

In this test, N
determined. T

5.8.2.3 Type lll test — Verification of limited influence of cavitation on the performance at specif

NPSHA

Verification i
affected by ca

5.8.2.4 Type IV — Verification of guaranteed characteristics at specified NPSHA

The pump msg
under the spe

5.8.2.5 Tolerance factor for NPSHR

The measure

test types

PSH is reduced progressively until the drop of the total head at constant flow rate reache

nin the allowable operation range.

PSH is reduced progressively until the drop of the total head of 3 %t constant flow rate g
his value of NPSH is NPSH3 (see Table 10).

carried out at the specified NPSHA to show that the‘hydraulic performance of the pump
vitation more than 3 % drop of total head.

ets the requirements if the guaranteed-pump total head and power are obtained according
cified rate of flow and under the specified NPSHA.

I NPSHR value shall not'exceed the guaranteed NPSHR value.

5 3 %.

NPSH is NPSH3 (see Table 10). A minimum of four different suitably spaced flow-rates shall be

an be

ed

is not

o 4.4,
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6 Analysis

6.1 Translation of the test results to the guarantee conditions

The quantities required to verify the characteristics guaranteed by the manufacturer are generally measured
under conditions more or less different from those on which the guarantee is based.

In order to determine whether the guarantee would have been fulfilled if the tests have been conducted under
the guarantee conditions, it is necessary to translate the quantities measured under different conditions to
those guarantee conditions.

6.1.1 Transl|ation of the test results into data based on the specified speed of rotation and density

All test data dbtained at the speed of rotation, », in deviation from the specified speed of rotation; nsp, shall be
translated to fhe basis of the specified speed of rotation, ngp.

If the deviation from the test speed of rotation, », to the specified speed of rotation, n§p, does not excegd the
permissible vpriations stated in 5.7.2, the measured data on the rate of flow, Q, theZpump total head, H, the
power input, P, can be converted by means of Formulae (27), (28), (29) and (30):

or=0 @)
n 2
Hy=H ﬂ] (28)
n
[ 'sp ]3 Psp
Pr=P|+> | =F (29)
n p
nt=n (30)

Additionally, the results obtained for the NBSHR can be converted by means of Formula (31):

)

NPSHR|= NPSHR| — (31)
n

As a first appfoximation forthe NPSH, the value x = 2 may be used if the specified conditions given in 5..2 for
the speed of fotation 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 cavjtation
limits or if thg deviation of the test speed from the specified speed exceeds the specifications given in[5.7.2,

the phenomepa’ean be influenced by, for instance thermodynamic effects, the variation of the surface t¢nsion
or the differe'mmmmwmmmM 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 if the guarantees are with respect to an agreed frequency and
voltage instead of an agreed speed of rotation (see 4.2), the rate of flow, pump total head, power input and
efficiency data are subject to the above-mentioned translation laws, provided nsp is replaced with the frequency
fsp and n with the frequency 1. 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 is necessary
for the purchaser and the manufacturer to arrive at an agreement.
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Test carried out with NPSHA different from that guaranteed
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Pump performance at a high NPSHA cannot be accepted, after correction for speed of rotation within the
permitted ranges in 5.7.2, to indicate performance at a lower NPSHA.

On the other hand, pump performance at a low NPSHA may be accepted, after correction for speed of rotation
within the permitted ranges given in 5.7.2, to indicate performance at a higher NPSHA, provided the absence
of cavitation has been checked in accordance with 5.8.2.1, 5.8.2.2 or 5.8.2.3.

6.1.3

Performance curve

Curves of best fit to the measured points represent the performance of the pump. Separate curves shall be made

for he
to det

6.2

6.2.1

If it af
reduc

If the
series

The a

subje

6.2.2

If it is
to me
reduc

bd versus flow rate, power versus flow rate and efficiency versus flow rate. These curvessh
brmine the tested pump’s performance and shall be used to evaluate the test results as give

Obtaining specified characteristics

Reduction of impeller diameter

pears from the tests that the characteristics of the pump are higher than the specified chg
ion of the impeller diameter is generally carried out.

Hifference between the specified values and the measured ¥alies is small, it is possible t
of tests by applying proportionality rules, which allow the'evaluation of the new character

pplication of this method and the practical conditions)for reducing the impeller diamete
t of a mutual agreement.

Requirement for retesting after reducing.impeller diameters

necessary to dismantle a pump after the performance test for the sole purpose of trimmin

ion in diameter exceeds 5 % of the_tested diameter.

all be deemed
nin4.4.

racteristics, a
D avoid a new
stics.

r shall be the

g the impeller

bt the acceptance level and if the type’number K (see 3.2.24) is <1,5, no retest is required, unless the
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A.1

Annex A
(normative)

Test arrangements

General

The best meg

an axially

a uniforni

freedom

Itis possible t
any expansio
measuring s€

Generally, the
recommende

NOTE Fo
closed circuit, {
LID =K+ 5, wh

This expressi
bend, which i
pipe between
stilling vessel
from swirl ind

Significant sw

careful d

judicious

It is recomme|
cavitation tes
is totally filled

suitable @arrangement-of the pressure tappings to minimize their influence on the measurement.

suring conditions are obtained if, in the measuring sections, the flow has
symmetrical velocity distribution,

static pressure distribution, and

from swirl induced by the installation.

b prevent a very bad velocity distribution or swirl by avoiding any bend or-a combination of k
h or any discontinuity in the transverse profile in the vicinity (less>than four diameters)
ction.

effect of the inlet flow conditions increases with the typesnumber K of the pump. If K > 1
] to simulate the site conditions.

standard test arrangements leading from open sumps with-a free surface or from large stilling vess
he recommended minimum inlet straight length, L (especially for grade 1) is determined by the expr
ere D is the pipe diameter.

bn is also valid for an arrangement which incjudes, at a distance, L upstream, a simple right
5 not fitted with guide vanes. Under these conditions, flow straighteners are not necessary,
the bend and the pump. However, inna’closed circuit where there is neither an open sump
immediately upstream of the pump,Jit is necessary to ensure that the flow into the pump
Liced by the installation and has a‘normal symmetrical velocity distribution.

irl can be avoided by
psign of the test circuitwupstream of the measuring section,

use of a flow straightener, and

hded netto install a throttle valve in the inlet pipe. In case this cannot be avoided, for instar
s, the'straight pipe length between the valve and the pump inlet should be ensured that th
with liquid and that pressure and velocity distributions at the inlet measuring section are ur

ends,
of the

2itis

bls in a
pssion:

angle
in the
nor a
s free

ce for

e pipe
iform.

This may be a

of the length of the pump inlet.

A.2 Measurement principles

Chieved by USE of a suitable flow straightening device and/or a long straight pipe of at least 12 D

The pump total head is calculated in accordance with its definition given in 3.2.15. Expressed as a height of
pumped liquid column, it represents the energy transmitted by the pump.

The various quantities specified in the definition of head in 3.2.7 should. as a rule. be determined in the inlet
section, S4, and the outlet section, Sz, of the pump (or of the pump set and fittings, which are the subject of
the tests). For convenience and measurement accuracy, the measurements are generally carried out in cross-
sections S1- and So' some way upstream from S1 and downstream from S2 (see Figure A.1). Thus, account

28

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=987a22d699c582dfa187aca568f82b42

ISO 9906:2012(E)

shall be taken of the friction losses in the pipe, i.e. Hj1 between Sy and Sy and Hj2 between S2 and Sy’ (and
eventually of the local head losses), and the pump total head is given by

H=Hy — Hy + Hy1 + Hyp

where H1 and Ho' are the total head at S1- and S2-.

A.4 defines the measuring sections in various types of installations and a method for estimating the head losses.

A.3 Various measurement methods

Deper|1ding on the installation conditions of the pump and on the layout of the circuit, the pump tttal head may

be defermined either by measuring separately the inlet and outlet total heads or by measuring

e differential

presstire between inlet and outlet and adding the difference in velocity head, if any (see Figure A.1).

Total
measlirements in open sumps. For these cases, Figure A.3 and Figure A.4 deal with the
arrangement of the measuring section.

A4

A.41

If a pbmp is tested in a standard test arrangement as described in A.1, the inlet measuring

heads may also be deduced either from pressure measurements in conduits or from water level
selection and

Pump tested on a standardized installation

Inlet measuring section

section shall

normally be located at a distance of two diameters upstfeam from the pump inlet flange, where the length

of the

inlet pipe allows it. If this length is not available(for instance, in the case of a short bell-mouth), in the

abserice of a prior agreement, the available straightdength should be divided so as to take the|best possible
advarjtage of the local conditions upstream and downstream of the measuring section (for instange, in the ratio

two dipmeters upstream to one downstream).

The irllet measuring section should be loeated in a straight pipe section of the same diameter and coaxial with
the pump inlet flange so that the flow conditions are as close as possible to those recommended in A.1. If a

bend
are inluse (grades 2 and 3 tests),(these should be perpendicular to the plane of the bend.

s present a short distance upstream of the measuring section and if only one or two pressure tappings

For gfades 2 and 3 tests, if'the ratio of the inlet velocity head to the pump total head is very |

0,5 %
tests),

and if the knowledge) of the inlet total head itself is not very important (such is not the c
it may be sufficiént that the pressure tapping (see A.4.3) be located on the inlet flange itg

two dipmeters upstream.

The irflet total héad is derived from the measured gauge head, from the height of the measuring p!
referehce plane*and from the velocity head calculated as if a uniform velocity distribution prevailed in

Errord in
detectedand

a)

b)

© 1SO 2012 — All rights reserved

ow (less than
hse for NPSH
elf and not at

bint above the
the inlet pipe.

the measurement of pump inlet head can occur at partial flow due to pre-swirl. These |errors can be
o

o b anke. 4 o [TPRVYP
TUUTU VO UUTTUULUITU do TUTNTUVWO.

If the pump draws from a free surface open sump where the water level and the pressure acting on it
are constant, the head loss between the open sump and the inlet measuring section, in the absence of
pre-swirl, follows a square law with rate of flow. The value of the inlet total head should follow the same
law. If the effects of pre-swirl lead to a departure from this relationship at low rates of flow, the measured
inlet total head should be corrected to take this difference into account (see Figure A.2).

If the pump does not draw from an open sump with a constant level and head, another measuring section
shall be selected sufficiently far upstream where the pre-swirl is known to be absent and it is then possible
to reason about the head losses between the two sections (but not directly about the inlet total head) in
the same way as above.

H=Hy - H1
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Key

1 regl value

2 va

ue of H affected by pre-swirl

2  Onset of pre-swirl.

A.4.2

Theo
of the
shoulq

The o
For p
grade

The o
the re

Figure A.2 — Correction of inlet total head

Outlet measuring section

Itlet measuring section should be arranged inja straight pipe section coaxial with the pump ou
same diameter. If only one or two pressure tappings are used (grades 2 and 3 tests), the preg
be perpendicular to the plane of the:velute or of any bend existing in the pump casing (see

Ltlet measuring section should be located at a distance of two diameters from the pump
mps with outlet velocity headismaller than 5 % of the pump total head, the outlet measuri
2 and grade 3 tests may be-located at the outlet flange.

Litlet total head is derived from the measured gauge head, from the height of the measurin
ference plane and-from the velocity head calculated as if a uniform velocity distribution p

discharge pipe. The determination of the total head can be influenced by a swirl of the flow in

pump
distan
into a

or by an irregular velocity or pressure distribution; the pressure tapping can then be locats
ce downstream. The head losses between the outlet flange and the measuring section s
ccount (See’A.4.9).

0}

tlet flange and
sure tappings
Figure A.3).

outlet flange.
ng section for

g point above
evailed in the
duced by the
d at a greater
shall be taken

Figure A.3 — Pressure tapping perpendicular to the plane of the volute or to the plane of a bend,

respectively
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A.4.3 Pressure tappings

2
I
| , | ~
pa f \
s 27,
d - - d
1>22,5d < dl10
where d = 3 to  mm or 1/10 pipe diameter, whichever value is the smaller
a) Thick wall b) Thin wall

Figure A.4 — Requirements for static pressure tappings

For grade 1|tests, four static pressure tappings shall be provided symmetrically disposed arourjd the
circumferencg¢ of each measuring section, as shown in Figure A.5 a).

For grades 2 pnd 3 tests, it is normally sufficient to provide not more than one static pressure tapping af each
measuring section, but if flow can be affected by a swirl or an asymmetry two or more may be necessary [see
Figure A.5 b)

a) Gradeée 1 — Four pressure tappings b) Grades 2 and 3 — One pressure tapping
cinn_e_q_te_d_b,)u_r_ln_g_manifold (or two in opposite position)
Key
1 vent
2 drain

3 connecting pipe to the pressure measuring instrument

Figure A.5 — Pressure tapping for grade 1, 2 and 3 tests

Except in the particular case where their position is determined by the arrangement of the circuit, the pressure
tapping(s) should not be located at or near the highest nor the lowest point of the cross-section.

Static pressure tappings shall comply with the requirements shown in Figure A.4 and shall be free from burrs
and irregularities and flush with, and normal to, the inner wall of the pipe.
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The diameter of the pressure tappings shall be between 3 mm and 6 mm or equal to one tenth (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 the pipe containing the tappings shall be clean, smooth and resistant to chemical reaction with
the liquid being pumped. Any coating, such as paint applied to the bore, shall be intact. If the pipe is welded
longitudinally, the tapping hole shall be displaced as far as possible from the weld.

If several pressure tappings are used, the pressure tappings shall be connected through shut-off cocks to a
ring manifold of cross-sectional area not smaller than the sum of the cross-sectional areas of the tappings, so
that the pressure from any tapping may be measured, if required. Before making observations, the pressure
with each individual tapping successively open, shall be taken at the normal test condition of the pump. If one
of the|readings shows a difference of more than 0,5 % of the total head with respect to the arithmetical mean
of the[four measurements or if it shows a deviation of more than one times the velocity head‘in“the measuring
section, the cause of this spread shall be ascertained and the measuring conditions rectified Hefore the test
propef is started.

If the
NPSH

same pressure tappings are used for NPSH measurement, this deviation shall not excegd 1 % of the
value or one times the inlet velocity head.

Pipes|connecting pressure tappings to possible damping devices (see 4:3.2) and to instruments shall be at
least ¢qual in bore to the bore of the pressure tappings. The system shall-be free from leaks.

Any h
bubbl

gh point in the line of the connecting pipes shall be provided with a purging valve to avoid
bs during measurements.

trapping of air

Whergver possible, it is recommended that transparent tubing be used to determine whethef or not air is
preseft in the tubing. ISO 2186 gives indications as to the connecting pipes.

A.4.4 Correction for height difference

Correftion of the pressure reading, py, for.height difference (zy — z) between the middle of the measuring
section and the reference plane of the pressure measuring instrument shall be carried out using Formula (A.3):

PEPM+pE-g - (zm —2) (A.3)
whergq pr is the density of the liquid’in the connecting pipe.
A.4.5 Simulated testarrangements
If from the reasons~given in A1 to A.4.4, it is agreed to test a pump under simulated site conditions, it is

ant that atsthe inlet of the simulated circuit the flow be, as far as possible, free from si
d by thednstallation and have a symmetrical velocity distribution. All necessary provisions

gnificant swirl
shall be made

e determined
st. If not, the
required characteristics can be obtained by the installation of suitable means, such as a flow straightener
adapted for the fault of the flow to be corrected (swirl or asymmetry). Specifications of the most widely used
types of flow straighteners can be found in ISO 7194. However, care shall be taken to ensure that the conditions
of test are not affected by the head losses associated with some straightening devices.

A.4.6 Pumps tested with fittings

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

a) associated fittings at the final site installation, or
b) an exact reproduction thereof, or
c) fittings introduced for testing purposes and taken as forming part of the pump itself.
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Measurements shall be taken in accordance with A.1.

If the tests are carried out on the combination of the pump and the whole or part of its upstream and downstream
connecting fittings, these being considered an integral part of the pump, the provisions of A.1 apply to the inlet
and outlet flanges of the fittings instead of the inlet and outlet flanges of the pump. This procedure debits
against the pump all head losses caused by the fittings.

Nevertheless, if the guarantee is on the performance of the pump only, the friction head losses and possibly
local head losses between the inlet total head measuring section and the inlet flange, Hy1, and between the
outlet flange and the outlet total head measuring section, Hjp, shall be determined in accordance with the
method described in A.4.9 and taken into account in the calculation of the pump total head.

A.4.7

standard pipe
measuremen

Pumps of this|
are shown sc

The inlet total
which the pur

According to
the discharge

ping installation under submerged conditions

Pu’:[w
Where a punpp, or a combination of a pump and its fittings, is tested or installed in conditions-whe

connection, as described in A1, cannot be made owing to inaccessibility ofrsubmerg
s shall be taken in accordance with the following requirements.

type cannot be tested in standard arrangements as described in A.1; theirinstallation con
hematically in Figure A.6.

head is equal to the height above the reference plane of the free surface level of the liqui
np draws, plus the head equivalent to the gauge pressure prevailing above this surface.

he circumstances, the outlet total head can be determined:either by a pressure measure
pipe (see A.4.2) or if the pump outlet into a free surface’epen sump, by a level measure

this open sunpp. In this case, and provided the liquid is really at rest'near the level measuring point, the

head is equal
discharges pl

This procedu

If necessary,
can be deter
singularities @
etc.) shall, as
this appears

to the height above the reference plane of the free'surface level of the liquid in which the
Lis the head equivalent to the gauge pressure prevailing above this surface.

e debits against the pump all the head losses arising between the measuring sections.

the friction head losses between the measuring sections and the contractual limits of the
mined in accordance with the methed described in A.4.9. The local head losses due

f the circuit and to various fittings (inlet filter, non-return valve, delivery elbow, valve, expa
far as possible, be specified if-drafting the contract, by the party which provides these fitti
mpossible, the purchaser-and the manufacturer shall agree the value to be adopted befg

acceptance tgsts.

As deep well
acceptance t

pumps [see Figure A'6 a)] are generally not tested with their whole vertical pipes, unle
bst is carried out,on site, the friction head losses in the missing parts shall be evaluate

specified to the purchaserdy the manufacturer. If it appears necessary to verify the specified charactg

by an on-site

For tests of p

test, this shall-be specified in the contract.

impsof\this kind, the guarantees can apply also to the fittings.

i

re the
ence,

Hitions

i from

entin
entin
outlet

pump

pump
to the
nders,
ngs. If
re the

5s the
d and
ristics

H1 = Z1f

H2 = Zy

34

1%

M1 P ( it I ) (A4)
pg P
)4 P Us

+ M2 T2 () + =2 (A.5)
pPg P 2g

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=987a22d699c582dfa187aca568f82b42

ISO 9906:2012(E)

1
2 2
3 N
|| || — ZM2 — M2
. L U, \ L U,
— I ——— Vv D<F— / ———  — I —— Vv D<f—>
I ' I
A\ , z
S ;]\‘ - J
N N
3 pn=0
| | \vi
- — N
| |- O
- 4
1 4 Ay
a) b)
Key
1 pressure reading pm1
2 pressure reading pm2
3 reference plane
4  NRFPSH datum plane
Hy =z
Pm2 |, Pf2 V3
Hp =z + 5+ —=(z2m2 — 227) + 5=
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Figure A.6 — Measurement of pump total head, #, for various types of submerged pumps
NOTE Borehole apd-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 agdcount. The thrust bearing is more lightly loaded during the test than it is in the final installation.

A.4.8 Self-priming pumps

In principle, the priming ability of self-priming pumps shall always be verified at the contractual|static suction
head with the attached inlet piping equivalent to that in the final installation. If the test cannot be carried out in
the described manner, the test arrangement to be used shall be specified in the contract.

A.4.9 Friction losses at inlet and outlet

The guarantees given in 4.4 refer to the pump inlet and outlet flanges, and the pressure measuring points are
in general at a distance from these flanges (see A.1 to A.4.7). It can, therefore, be necessary to add to the
measured pump total head, the head losses due to friction (Hyq and Hj2) between the measuring points and
the pump flanges.

Such a correction should be applied only if
— Hj1+ Hj2>0,005 H for grades 2 and 3 or

— Hj1+ Hj2 20,002 H for grade 1.
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If the pipe between the measuring points and the flanges is unobstructed, straight, of constant circular cross-
section and of the length, L, then:

2
=2 L Yo (A.6)
D 2¢g

The value of 1 should be derived from

1 2,51 k
—==-2logyg| —=+==-— (A.7)
A ReJi 37D
where
k is the pipe equivalent uniform roughness;
D is the pipe diameter;
k. .
) is the relative roughness (pure number)
Table A.1 — Equivalent uniform roughness % for pipés
Cpmmercial pipe (new) material Equivalent uniformyroughness, %, of the surfage
mm
Glass, drawn prass, copper or lead smooth
Steel 0,05
Asphalted cagt iron 0,12
Galvanized irgn 0,15
Castiron 0,25
Concrete 0,30 to 3,0
Riveted steel 1,0 to0 10,0
If the pipe is|other than unobstructed, §traight and of constant circular cross-section, the correction|to be
applied shall be the subject of special agreement in the contract.
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Annex B
(informative)

NPSH test arrangements

B.1 General

The tgsts described in 5.8.2 can be conducted by any of the methods indicated in Table 10 and in any of the
installptions described in the following clauses.

It is ppssible to vary two control parameters and thus keep the rate of flow constant during a test, but this is
usually more difficult.

B.2 | Characteristics of the circuit

The cfrcuit shall be such that if cavitation appears in the pump, it shallb.notoccur elsewhere to afp extent that it
affect$ the stability or the satisfactory operation of the installation or thexmeasurement of the pump|performance.
It shall be ensured that cavitation and the bubbles and degassifig produced by cavitation in thg pump do not
affect|the functioning of instrumentation, particularly the flow mieasuring 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 corditions specified in A.1 and 5.8.

The types of installations described in B.5 may necessitate special regulating valves at inlet and putlet to avoid
cavitafion in these items influencing results.

Cavitgtion in the flow through a throttle-valve can sometimes be prevented by using two or|more throttle
devicgs connected in series or by arranging for the throttle valve to discharge directly into a cldsed vessel or
a large diameter tank interposed between the throttle and the pump inlet. Baffles and means off extracting air
from guch a vessel can be needed,)especially when the NPSH is low.

If a thfottle valve is partially Closed, it is necessary to make sure that the pipe is full of liquid and|pressure and
velocity distributions at thé-inlet measuring section are uniform. This may be achieved by use of & suitable flow
straightening device andfor long straight pipe of at least 12 D length at the pump inlet.

B.3 | Characteristics of the test liquid

As fan aspassible, free gas shall be removed from water before testing. In case it is necessary to avoid de-
gassir||g in any part of the pump, the water of the circuit should not be supersaturated.

B.4

Determination of the vapour pressure

The vapour pressure of the test liquid entering the pump shall be determined with appropriate uncertainty
to comply with Table 3 If the vapour pressure is derived from standard data and the measurement of the
temperature of the liquid entering the pump, the necessary accuracy of temperature measurement shall be
demonstrated.

The source of standard data to be used shall be agreed between the manufacturer and purchaser.

The active element of a temperature-measuring probe shall be not less than one eighth (1/8) of the inlet pipe
diameter from the wall of the inlet pipe. If the immersion of the temperature-measuring element in the inlet flow
is less than that required by the instrument manufacturer, a calibration at that immersion depth is required.
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Care shall be taken to ensure that temperature measuring probes inserted into the pump inlet pipe do not
influence the measurements of inlet pressure.

B.5 Type

s of installation

B.5.1 Closed loop arrangement

The pump is installed in a closed pipe loop, in which by altering the pressure, level or temperature, the NPSH
is varied without influencing the pump head or rate of flow until cavitation occurs in the pump. Arrangements
for cooling or heating the liquid in the loop can be needed in order to maintain the required temperature and a

gas separatio
A liquid recirg

The tank shal
Additionally, g

NOTE Co|
extraction of hq

B.5.2 Opé¢n sump with level control

The pump dr

surface may be adjusted (see Figure B.2).

B.5.3 Opé¢n sump with throttle valve

The pressure
at the lowest

n tank can also be required (as an example see Figure B 1)

be of sufficient size and so designed as to prevent the entrainment of gas in theump inle
tilling screens can be needed in the tank if the average velocity exceeds 0,25-m/s.

bling by means of a coil can be replaced by an injection of cool water above the\liquid free surfa
ated water.

bws liquid through an unobstructed inlet pipe from a sumpg£in*which the level of the free

of the liquid entering the pump is adjusted by means of a throttle valve installed in the inlg
bracticable level (see Figure B.3).

ulation loop can be necessary to avoid unacceptable temperature difference in the test tarl\k.

t flow.

ce and

liquid

t pipe

Légende

spray nozz
flowmeter
flow contro

measuring
test pump
To vacuum

® 00 N O O~ ON -

cooling or heating coils
stilling screens

le for liquid de-aeration

| valve

isolating valve

point for gas content

or pressure control.

Figure B.1 — Cavitation tests — Variation of NPSH by means of a closed loop controlling head
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and/or temperature
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1

N

|

Figure B.2 — Cavitation tests — Variation of NPSH by control of liquid level at pump inlet sump

Légende

1 tesgt pump

2 adjustable water level

a8  Toflow control valve and flowmeter.

7

Légende

1 tegt pump

2 inlet pressure control yalve

a8  Tolflow control valve and flowmeter.

Figure B.3/~ Cavitation tests — Variation of NPSH by means of an inlet pressure confrol valve
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Annex C
(informative)

Calibration intervals

The frequency of instrument calibration depends upon usage as well as the design of the equipment. Table C.1
is based on experience with general usage of instruments. If historical data exists to support a longer calibration

interval, they
calibrated bef]

shall be acceptable to all parties If an instrument is phyqir‘ally abused ar overloaded it shall be

ore being used.
Table C.1 — Instrument calibration intervals
(years)
Equipment Period Equipment Period
Rate of flow Input power
Weigh tank 1 Dynamometer 0,5
Volumetric tank 10 Torque meter 1
Venturi, nozzle, Calibrated motor. NR¢
Orifice, weir
Turbine 1 Wattmeter 1
Electromagnetic 1b Gears 10
Ultrasonic 0,5 Head
Current meter 2 Bourdon tube 0,33
Pump speed Dead weight NR
Tachometer 3 Manometer NR
Electronic (gear teeth) NRe® Transducers 0,33
Frequency responsive Temperature
Devices
Magnetic 10 Electric
Optical 10 Mercury
Stroboscopes 5
a2 Not requifed, unless a change of a critical dimension is suspected.
b Secondary (electronic processor). The primary section should be recalibrated every five years.
¢ “A\Unless electrical or mechanical failure.

40
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Annex D
(informative)

Measurement equipment

D.1 Head measurement equipment

D.1.1 General

The sglection of measurement instrumentation is the responsibility of the organization performing the test.
All selected measurement devices should conform to the uncertainty requirements-sSpecified |n 4.3 and be
calibrated within the time periods specified in Annex C. The following are listed-acceptable |methods and
instruments for measuring of the quantities associated with the performance testing.

D.1.2l Spring pressure gauges

A sprihg pressure gauge uses the mechanical deflection of a loop oftube, plain or spiral (Bourdpn dial gauge)
or a membrane to indicate pressure.

If this ftype of apparatus is used to measure the pressure at inletyor outlet, it is recommended that
a) epch apparatus be used within its optimum measuririg'range (above 40 % of its full scale),
b) the interval between two consecutive scale graduations be between 1,5 mm and 3 mm, ang
c) sypch divisions correspond to a maximum of5 % of the pump total head.

The calibration of this measuring apparatus(shall be checked regularly.

Figurg D.1 shows an arrangement for determining the reference plane of spring pressure gauge

U7

Key

Il £4l n
1 reierence PIarme U ure riar furTie et

a2  Open to atmosphere.

Figure D.1 — Arrangement for determination of reference plane of spring pressure gauges

D.1.3 Electronic pressure transducers

There is a large diversity of pressure transducers, absolute or differential, based upon the variation of various
mechanical and/or electrical properties. They may be used, provided the required accuracy, repeatability and
reliability are achieved, the transducer is used within its allowable measuring range and the transducer together
with its electronic equipment are calibrated regularly by comparison with a pressure device of higher accuracy
and reliability.
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D.2 Measurement of rotating speed

Wherever possible, the speed of rotation should be measured by counting revolutions for a measured interval
of time. Typically, this is accomplished by using a direct indicating tachometer, an optical or magnetic counter,
or a stroboscope.

Where the speed of rotation cannot be directly measured (for example submersible pumps), it is usually
sufficient to check the grid frequency and voltage. Furthermore, the speed can be derived by measuring the
vibration frequency.

In the case of a pump driven by an alternating current motor, the speed of rotation can also be estimated using
the electrical supply frequency and motor slip data.

D.3 Measurement of flow rate

D.3.1 General

Any flow meapuring system may be used for measurement of pump rate of flow, provided:

a) the entirg flow passing through the pump also passes through the instrumentiand

b) it can be[demonstrated that the instrument meets the requirements of Tables 3 and 5 and Annex C

The piping upstream of the flow meter should be straight, having the same diameter as the flow met¢r and
having a lengih of at least 10 times the pipe diameters. The piping downstream of the flow meter has the[same
requirements] except that it can have a length of down to 5 times thepipe diameters. The lengths are megsured
from flange tq flange.

D.3.2 Megasurement by weighing

ISO 4185 indicates all the necessary information_for-the measurement of the liquid rate of flow by the
weighing method.

The weighing| method, which gives only the value of the average rate of flow during the time taken to fill the
weighing tank, may be considered the mest accurate method of flow rate measurement. This procedure is
mainly used fpr calibration of other flow.meters.

D.3.3 Volumetric method

ISO 8316 indicates all the nmeeessary information for the measurement of the liquid rate of flow by the
volumetric me¢thod.

The volumetric method\approaches the accuracy of the weighing method and similarly only supplies thel value
of the average ratesef\flow during the time it takes to fill the gauged rate of flow.

D.3.4 Differential pressure devices

The construction, installation and use of orifice plates, nozzles and Venturi tubes are the subject of ISO 5167-1,
whilst ISO 2186 gives specifications on connecting piping for the manometer. Orifice plates are the subject of
ISO 5167-2, nozzles and Venturi nozzles of ISO 5167-3, and Pitot tubes of ISO 5167-4.

IMPORTANT Attention should be drawn particularly 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 purpose 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.

Also, the diameter of the pipe and the Reynolds number shall fall within the ranges specified in ISO 5167-1 for
each type of device.
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It shall be ensured 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 other
measuring apparatus. If all the requirements of the relevant standards are met, the discharge coefficients given
in the relevant standards can be used without calibration.

D.3.5 Thin plate weirs

The specifications for the construction, installation and utilization of rectangular or triangular thin-plate weirs

TANT Particular attention is to be drawn to the great sensitivity of these devices'to
onditions and, thus, to the necessity to comply with the prescriptions for the"appro

he upstream

flow ¢ ach channel.

For th
meas
to be

e application of this International Standard, the smallest scale division of allinstrumentg used for the
irement of the head over the weir shall not be more than that correspondingito 1,5 % of the rate of flow
measured.

D.3.6] Velocity area methods

Thesdq
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Intern
opera
the ve

The c
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Exceq
pump

D.3.7
Requi

Electr

tion of the apparatus, measurement of local velocities and calculation of the rate of flow by

methods are the subject of ISO 748, 1ISO 2537, ISO 3354 _dnd"ISO 3966, which deal W
irements in closed conduits by means of current meters "and Pitot static tubes, respe
btional Standards give all the necessary specifications concerning conditions of applicatig

locity distribution.

bmplication of these methods does not justify, their use for grades 2 and 3 tests, but they a
ly ones that can be applied if testing pumps-with large rates of flow for grade 1 test.

t in very long pipe installations, it is preferable that the measuring section be placed up
in order to avoid too much turbulence'or swirling flow.

Electromagnetic method

Fements for an electromagnetic flow meter shall be in accordance to ISO 6817, ISO 9104 3

with
there

bmagnetic flow meters-are used for measuring the volumetric flow rate of electrically cond

ith discharge
ctively. These
n, choice and
integration of

re sometimes

stream of the

nd 1ISO 9213.

uctive liquids,

nd without solids~Unlike many other methods of measuring flow, this device has no mov
re, it can be made to withstand almost any pressure without leakage and handle almost

ng parts and,
ny liquid with

an appropriate lining-t is also desirable because there is no more pressure loss through the flpw meter than
through a pipe of\the same length and diameter.

For t

greatest reliability of flow measurement, the meter should be installed in the piping system in such a

mannegrthat it is always flowing full of liquid. A partially full pipe gives inaccurate flow measure

nt readings.

The electromagnetic flow meter cannot differentiate entrained gas from the process liquid and, therefore, gas
bubbles cause the meter to read inaccurately high. Care should be taken to eliminate gas bubbles if accuracy
of liquid flow rate is required.

This type of flow meter can, under the best of conditions, have an accuracy of 0,25 % to +1,0 % of rate for flow for
velocities greater than 0,5 m/s. At lower velocities, measurement error increases, but the readings are repeatable.

D.3.8 Ultrasonic method
Requirements for ultrasonic velocity meter shall be in accordance with ISO 6416.

Ultrasonic flow meters are very sensitive to the velocity distribution and shall be calibrated in their actual
conditions of operation.

© 1S0O 2012 — All rights reserved 43


https://standardsiso.com/api/?name=987a22d699c582dfa187aca568f82b42

ISO 9906:2012(E)

D.3.9 Tracer and other methods

These methods, applied to the measurement of the flow rate in the pipes, are the subject of ISO 2975 (all parts),
the different parts of which cover both dilution method (constant rate injection) and transit time method, each
method using either radioactive or chemical tracers.

Some apparatuses, such as vortex or variable area flow meters, may be used, provided they are calibrated
beforehand by means of one of the primary methods described in this annex. If 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 flow meter and the associated measuring system. The calibration
should normally be carried out in the actual operating conditions (head, temperature, water quality) prevailing
during the tests; attention shall be paid to the fact that the flow-meter is not affected by cavitation during the tests.

As for the velpcity area methods, the tracer methods are justified only for grade 1 tests.

IMPORTANT
tracers is su

The tracer methods should only be used by specialized staff and the use-of radioactive
bject to certain constraints.

D.4 Measurement of pump power input

D.41 General

Pump power
other devices|
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measured by

input, the method for determining the losses due to the reduction gear shall be stated in the contract.
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nput may be determined by dynamometers, torque meters;.calibrated motors and wattme
that can be demonstrated to meet the requirements of Table 5 and Annex C.

wer input to an electric motor coupled to an intermediate gear, or the speed of rotation and

a torque meter between gear and motor are used as a means for determining the pump

see ISO 5198 for more information on the\methods described in D.4.2 to D.4.5.

[jue measurement

i be measured by a suitable.dynamometer or a torque meter capable of complying w
of 4.3. Zeroing or tare readings for the unloaded dynamometer should be taken when ope
ed. Measurement of torque’and speed of rotation should, within practical limits, be simultar

ctric power measurements

bctrical powerlinput to an electric motor coupled directly to the pump is used as a me
e pump power input, the motor should be operated only under conditions where the efficig

ers or

orque
power

th the
rating
eous.

hns of
ncy is

ations
rer or
5es or

known with syfficient aceuracy. Motor efficiency should be determined in accordance with the recommend
of IEC 60034-2-1, {EC 60034-2-2, or IEEE 112 method B and is to be stated by the motor manufacty

derived through-a‘unit specific motor test. This efficiency does not take into account motor cable los
thrust bearin‘, losses hnynnd those created hy the motor thrust loads alone

If testing with a non-calibrated job motor, only the wire-to-water efficiency can be accurately reported. If
previously agreed to by the customer and manufacturer, a non-calibrated job motor can be used for testing and
the motor’s guaranteed efficiency should be used to estimate the pump efficiency.

The electric power input to a three-phase alternating current motor should be measured by a two-wattmeter,
a three-wattmeter or a polyphase wattmeter method. The use of multiple single-phase wattmeters or a
wattmeter measuring two or three phases simultaneously, or integrating watt-hour-meters are allowed. In the
case of a direct current motor, either a wattmeter or an ammeter and a voltmeter may be used. The type and
grade of accuracy of the indicating instruments for measuring electrical power should be in accordance with
IEC 60051-2, IEC 60051-3, IEC 60051-5 and IEC 60051-7, and should meet the requirements of 4.3.

44 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=987a22d699c582dfa187aca568f82b42

D.4.4

D.4.4.

ISO 9906:2012(E)

Special cases

1 Pumps with inaccessible ends

In the case of combined motor-pump units (for example 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. If 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.

D.4.4.2 Deep-well pumps
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into a
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manu

D.4.4.
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the influence of the axial thrust and possibly of the weight of the ptump rotor on the losses in the
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D.4.5

To de
driver

driving agent and pump nor any losses associated with intermediate machinery, such as gear b
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case, the power absorbed by the thrust bearing and the vertical shafting and bearings
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deep-well pumps in general are not tested with the entire stand pipe attached;\unless th
performed at site, the thrust and vertical shaft bearing losses shall be estimated and
acturer.

3 Motor pump units with common axial bearing (other than close coupled pumps)
case, if the power and the efficiency of the motor and those of the pump shall be determin
e taken into account.

Measurement of pumping unit overall efficiency

ermine the efficiency of a pumping unit, only. the*power input and output should be meas|
working under conditions specified in the contract. In this test, neither the proportion of lo
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e acceptance
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bd separately,
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Annex E
(informative)

Tests performed on the entire equipment set — String test

Generating a pump curve requires the measurement of head, capacity and power. From this information the
efficiency of the pump can be calculated. The hydraulic efficiency shown on the pump curve has always been

related to the

by the mechanical input power to the pump shaft. Thus, the efficiency published is only that of the pUn]
of any other pomponent. From a testing standpoint, the most accurate way to obtain the power-datg
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ment of the shaft torque and revolutions per minute (r/min). This is typically done using a
d a tachometer. These values are then used for calculating the power input to the pump.

h case where the pump is tested by itself. In this instance, the power measured is the input
The input power to the pump shaft is then calculated by taking intocaccount the published

pccurate than in a case where the shaft torque and revolutions'per minute are directly mea

equency drive (VFD) is used as a part of the string, it becomes virtually impossible to obt

br to the VFD. But if the input power to the VFD is measured, it is necessary to know the effi
order to calculate VFD output power to the maotor. This information can be available, but i
egree of error since the motor efficiency changes due to the non-sinusoidal wave form
from the VFD. (Although many VFDs provide a measurement of output power, the value

take into account the reduction ingmotor efficiency in cases of operation on VFD power.)
ariable frequency drive is based.on.the inverter technology.

s5tring testing with a VFD(can come from two requirements. The first is if the customer wis|
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ted at a number of different speeds. In both instances, the suggested procedure is to condu
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s can be preduced at the required speeds without any power data being measured.

ump rur-at™“full speed” (line frequency) on a VFD most often does not produce the same pump cU
testz The two main reasons for this are that the drive design (and settings) affects the motor torqu
grthe*actual pump speed under load. Secondly, the drive’s actual output frequency is not as exactly|
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Table E.1 gives the qualitative details of correction factors needed to calculate pump efficiency for different
configurations. The configurations are shown from the highest to the lowest measurement accuracy.

It is not possible to obtain pump efficiency during a string test of an engine driven pump. In this situation, the
pump should be tested separately to obtain accurate shaft power measurements.

From a very basic standpoint, it can be seen that the efficiency (and power consumption) information provided
by the pump manufacturer’s curves often only provides the end user with the required power at the pump input
shaft. Furthermore, the information is generally provided with the pump being sealed by packing. From an energy
consumption standpoint, this information does not provide the user with the true cost to operate the pump.

In fact, it is far more useful to provide “wire to water” efficiency and power consumption curves, but this is
rarely requested. Wire to water performance can be measured with all of the configurations given in Table E.1
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