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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.

depcribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeeded for the
diffferent types of ISO documents should be noted. This document was drafted in accordance with the
ed|torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Ti:t procedures used to develop this document and those intended for its further maintepance are

Atfention is drawn to the possibility that some of the elements of this document'may be the|subject of
pagent rights. ISO shall not be held responsible for identifying any or all such patent rights.|Details of
any patent rights identified during the development of the document will’be'in the Introduction and/or
onfthe ISO list of patent declarations received (see www.iso.org/patents))

Anly trade name used in this document is information given for the convenience of users and does not
copstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as wellias information about ISO's adherence to the
World Trade Organization (WTO) principles in the Techiical Barriers to Trade (TBT) see the|following
URL: www.iso.org/iso/foreword.html.

Thlis document was prepared by ISO/TC 115, Punips, SC 2, Methods of measurement and testing.
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Introduction

Wherever the capacity of a manufacturer's test facility is not appropriate to realise the necessary
physical preconditions for testing a pump at realistic flow/head conditions the alternative of a model
pump is taken. By means of the similitude theory, a model pump is used to assess and calculate the
ability of the real pump to be built. The option using such model pump or prototype pump is chosen

— whenthe capacity ofthe pump, namelyits flowrateand/orits powerinput (e.g.flowrate 235,000 m3/h,
and P; =2 5,000 kW), exceeds the limitations of the test facility, or

— one plart or parts of the pump should be constructed by concrete walls and reproduction of,the
wholg assembly is impractical.

In consid¢ration of these given facts the application of a model pump for the hydraulic performance
acceptande test is an efficient and effective alternative. The advantages using a model pump may also
include:

— ahighjer precision due to the difference in measurement uncertainties;
— minirhising costs in respect to material and other resources;
— and shorter delivery period(s) of the prototype pump(s).

For many|years, manufacturers have developed and specified independent calculation approaches gnd
collected gxperiences to handle the similitude theory for pumps.and their specifics. Several calculatjon
models afe described in the pertinent literature. This document describes testing methods using
model puinps for hydraulic performance acceptance tests in.addition to other testing methods giver] in
ISO 9906 fs hydraulic performance acceptance tests for prototype pumps.

This document has been initially established based onprior standards such as the Japanese Industiial
Standard [JIS B 8327. This document combined with ISO 9906 presents new testing methods for
hydrauliclacceptance tests of pumps.

vi © IS0 2019 - All rights reserved
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Rotodymanic pumps — Hydraulic performance acceptance

test using a model pump

ntrifugal, mixed flow or axial pump, hereinafter referred to as a “model pump”).

pump (ce

Thiis document is used for pump acceptance tests with a geometrically similar model ptimp to

the

T
pr

performance of a large size pump manufactured for practical use (hereinafter, a prototyp
is document, however does not preclude a temporary assembly inspection'or other tes
ptotype pump. Moreover, it is preferable to conduct the tests with prototypépumps unless

the capacity of the pump, namely its flow rate and/or its power input;.is beyond the lim
the test facility, though it is difficult to set a criterion for carrying ¢ut‘a model pump test
the prototype pump test in terms of the volume rate of flow or thegpower input,

a part of the pump is to be constructed by concrete walls apd reproduction of the whole a
impractical,

model tests are specified by the purchaser, or

it is difficult to carry out the prototype pump testdue to any other reasons.

s-a—small size

Puarantee

e pump”).
ts on the

tations of
instead of

ssembly is

Thlis document applies to performance tests under steady operating conditions correspondling to the

pr

2

btotype pump.

Normative references

Thie following documents are referred to in the text in such a way that some or all of thejir content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendment§) applies.
ISO 17769-1, Liquid pumps and installation — General terms, definitions, quantities, letter symbols and
unfts — Part 1: Liquidpumps

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

3 | Terms and definitions
Fokthepurposes-ofthis-documentthe-terms-and-definitionsgivenindSO17769-1and1S017769-2 and
the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

3.1 General terms

3.1.1
performance test
test to examine the performance of a pump in a state free from the influence of cavitation

©lI
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3.1.2

cavitation test
test to examine whether pump total head changes happen due to the occurrence of cavitation under
operating conditions of a model pump corresponding to the working conditions of a prototype pump

Note 1 to entry: Cavitation test corresponds to NPSH Type III test in ISO 9906:2012.

3.1.3

NPSH3 test
test to reduce the NSPH of a model pump and determine the NSPH value at which the pump total head

of a mode, pump is reduced hy 3 04 due to the occurrence of cavitation r‘nmpnrnd with the pump t

tal

head mea

bured without the occurrence of cavitation

Note 1 to eptry: NPSH 3 test corresponds to NPSH Type I or Il test in ISO 9906:2012.

Note 2 to eptry: NPSH is an abbreviation for “net positive suction head”.

3.14

four quadrant characteristic test
test to exgmine the characteristics of a model pump regarding its pump range, pump brake range, wa
turbine rgnge, water turbine brake range and reverse pump range

Note 1 to entry: The purpose is to obtain the characteristics necessary for the“calculation of pump transi
phenomena.

3.1.5

specified|speed of rotation

speed of|rotation of a model pump selected to indicate, the performance of the model pu
corresporlding to the requirements on a prototype pump‘déetermined by the agreement between f{

purchaseit and manufacturer

3.1.6
test spee

 of rotation

measured speed of rotation of a model pump ihta performance test or cavitation test on the pump

3.1.7

specifiedLvolume rate of flow

volumera

e of flow at the specified speed of rotation of a model pump corresponding to the requireme

on a protdtype pump determined(by the agreement between the purchaser and manufacturer

3.1.8

specified|pump total head
pump total head at the/specified speed of rotation and volume rate of flow of a model pu

correspor

purchasei and manufacturer

3.2 Terms and definitions relating to performance

3.2.1

ding to the.,fequirements on a prototype pump determined by the agreement between f{

fer

np
he

nts

np
he

acceleration of gravity

accelerati

on due to gravity

local value used, the local value of the acceleration of gravity is calculated by the following formula:

g:9,7803><(1+0,0053><sin2go)—3,0><10_6~Z

where

© ISO 2019 - All rights reserved
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Z is the altitude, expressed in metres (m);
10 is the latitude, expressed in degrees [°].

Note 1 to entry: In many cases, however, no notable error occurs when 9,80 m/s? is used.

3.2.2

Reynolds number

Re

ratio of inertial force to viscous force

Thie Reynolds numbers used for hydraulic efficiency conversion for a model pump and a protoflype pump
ar¢ given by the following formulae:

for] the prototype pump

Uiy -Dim
VM

RehM =

forl the model pump

where
Renm is the Reynolds number of the model'pump, dimensionless (—);
Renp is the Reynolds number of theprototype pump, dimensionless (—);
uiM is the peripheral velocity.at'the impeller inlet diameter of the model pump, expressed in
metres per second (my/s), u1m =T+ D1M * M
uip is the peripheralyelocity at the impeller inlet diameter of the prototype pump, expressed
in metres per-second (m/s), uip = m - D1p - np;
D1im is the inlet diameter of the impeller of the model pump, expressed in metres(mny);
D1p is the'inlet diameter of the impeller of the prototype pump, expressed in metre¢s(m);
VM is-the kinematic viscosity of liquid in the model pump, expressed in square metres per
second (m2/s);
Vp is the kinematic viscosity of liquid in the prototype pump, expressed in square metres
per second (m2/s);
nm is the speed of rotation of the model pump, expressed in reciprocal seconds (s-1);
np is the speed of rotation of the prototype pump, expressed in reciprocal seconds (s-1).
3.2.3
peripheral velocity
u

speed of a rotor in the tangential direction

3.24

pipe friction loss coefficient

A

coefficient used for calculating the loss of head due to friction in a pipe

© IS0 2019 - All rights reserved 3
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3.2.5

equivalent diameter

De

the cross-sectional area divided by the wetted perimeter of a hydraulic passageway and multiplied by 4

3.2.6

hydraulic efficiency

h

proportion of the pump total head to the theoretical head (impeller head when there is no loss of head)

Note 1 to

nfr‘y- It should be noted that the definition of hydran]ir‘ nFFir‘innr‘y inthis document is different fr

m

thatin ISO
from fricti
hand, disc
efficiency {

3.2.7
hydraulig
Fy

ratio bety
pump at aj

3.2.8
mechanig

Mm
proportio

Note 1 to €
that in 1SQ
separately
bearings i

3.2.9
mechanig
Fm

ratio bet
pump at aj

3.2.10
volumetn

v
proportio

Note 1to e
that in ISO
while the d

3.2.11

17769-1.In1SO 17769-1, where hydraulic efficiency involves all hydraulic losses such as those restilt
bn due to the relative motion of internal surfaces and internal leakage. In this Document, on the‘ot
friction losses at impellers and internal leakage losses are classified into the factor for mechani
ind volumetric efficiency, respectively, and out of scope of hydraulic efficiency.

efficiency ratio

veen the hydraulic efficiency of a prototype pump and the hydrautic efficiency of a mo
mutually corresponding operating point

al efficiency

h of the power that an impeller transmits to a liquid ta:the pump power input
ntry: It should be noted that the definition of mechanical efficiency in this document is different fr
17769-1. Here, the loss of power at the seals and‘bearings is out of scope (it should be dealt w

and the loss of power due to disc friction is considered as the factor, while loss of power at seals §
taken as factor as in ISO 17769-1.

al efficiency ratio

reen the mechanical efficiency.of-a prototype pump and the mechanical efficiency of a mo
mutually corresponding operating point

ic efficiency

ntry: It showld\be noted that the definition of volumetric efficiency in this document is different fr|
17769-1.<The definition given in ISO 17769-1 seems applicable only for positive displacement pum
efinition-in this Technical Report is for rotodynamic pumps.

e Afficiancyy ot

ing
her
cal

Hel

bm
ith
nd

Hel

h of the volumetate of flow of a pump and the volume rate of flow passing through the impeller

pm
PS,

volumet
Fy

eIy 1Tactro

ratio between the volumetric efficiency of a prototype pump and the volumetric efficiency of a model

pump ata

3.2.12

mutually corresponding operating point

scale effect coefficient

4

proportion of the loss due to the scale effect to the combination of scalable and non-scalable losses

Note 1 to entry: The loss due to the scale effect is equal to a loss due to friction of wall surface of flow passage.
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3.2.13
cavitation coefficient
o
NPSH divided by the velocity head for the peripheral velocity at the impeller inlet given by the following
formula:
o= g-I\ZIPSH
uj / 2

where

NPSH is the net positive suction head, expressed in metres (m);

u1 is the peripheral velocity at the inlet diameter of the impeller, expressed in metres per

second (m/s);

o is the cavitation coefficient, dimensionless (—).
Note 1 to entry: The cavitation coefficient is a quantity deduced from the hydraulic similarity rule of pumps for
thq best efficiency point and is nearly constant among similar pumps regardless of size and speed of rptation.
4 | Symbols and suffixes

Table 1 — Main symbols and units.used in this document
Symbol Quantity Unit
A Area m?2
D Diameter m
e Surface roughness m
e Uncertainty Unit of corresponding measuring quantity
F Efficiency ratio Dimensionless
Fa Axial force N
f Frequency s71
g Acceleration of gravity m/s?
H Head, Loss of lread m
H Pump total'liead m
K Type number Dimensionless
k Coyerage factor Dimensionless
L Length or distance m
N Number of measurement sets Dimensionless
NRSH Net positive suction head m
NPSHA NEeT positive suction head available m
NPSH3 Net positive suction head required for a drop of 3 % of the|m
pump total head of the first stage of the pump

n Speed of rotation s71
P (P2) Pump power input w
Py Pump power output \'\
p Pressure Pa
Q Volume rate of flow m3/s
Re Reynolds number Dimensionless
s Standard deviation Unit of corresponding measuring quantity
© IS0 2019 - All rights reserved 5
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Table 1 (continued)

Symbol Quantity Unit
T Torque Nm
tq Student's t-distribution Dimensionless
t Time S
U Expanded uncertainty, relative expanded uncertainty Unit of corresponding measuring

quantity or %

- Mean velocity (for flow in pipe), peripheral velocity (for |m/s

v ftowmpurmp)

u Uncertainty, relative uncertainty Unit of corresponding measuring
quantity or %

4 Scale effect coefficient Dimensionless

v Local velocity m/s

X x Measuring quantity Unit of corresponding measuring quantjty

Z Altitude m

a Influence factor of pump total head in hydraulic efficiency | Dimensionless

ratio between prototype and model pumps

B Influence factor of pump power input in hydraulic efficiency | Dimensionless
ratio between prototype and model pumps

A Increment of variation Unit'ef corresponding measuring quantjty

€ Fluctuation width Dimensionless

n Efficiency Dimensionless

A Friction coefficient of pipe Dimensionless

U Kinematic viscosity m2/s

p Density kg/m3

o Cavitation coefficient Dimensionless

T Tolerance Dimensionless

10) Latitude degree (°)

Table 2 — Chdracters used as suffixes and their meanings

Suffix Meaning

Suction or inlet

Discharge or outlet (except for P7)

Axial direction

Wetted perimeter

Combined uncertainty

Discharge pipe

Equivalent

o ol [~

Expanded uncertainty

1
)

Dimensionless coefficient for four quadrant charac-
teristics

Frictional resistance

f

G Guarantee point
H Pump total head
h Hydraulic

ij Integer numbers of measurement sets (1, 2, 3, ...)

M Model pump

6 © IS0 2019 - All rights reserved
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Suffix

Meaning

Mechanical

Number of measurement sets

Prototype pump

Volume rate of flow

Type A uncertainty

ARSI E

Radial direction

(%)

Suction pipe

Type B uncertainty

Total

Volumetric

Coordinate axis

< [X (<[«

Coordinate axis

5 | Test types and measurement items

Thie tests shown in Table 3 should be carried out. Tests 2. and3. should be conducted when specified
in fhe agreement between the purchaser and manufacturer;Ags a rule, the same model pump|should be

use¢d in both these tests.

Table 3 — Contents of tests

Type of test

Measurement items

1. Performance test

2.[Cavitation test or NPSH3 test

Pump total head, volume rate of flow, speed of rotgtion, pump
shaft torque or power input, pump efficiency, and NPSH

3.]JAdditional tests

See Annex A.

6 | Model pump

6.1 Extent of modelpump

Thie extent of a model.pump should be the segment between the inlet section and the outlet|section of

the pump (see Figure 1). When a part of the suction channel or discharge channel has a form that can be
regarded as paktof the pump and a suction opening or discharge opening cannot be clearly r¢cognised,
a qross sectioh where the flow velocity distribution is considered uniform should be designated as
an|inlet er-outlet of the model pump. The extent of the model pump may be otherwise defijed by the
agreement between the purchaser and manufacturer.

© IS0 2019 - All rights reserved
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a) b) )
Key
1  inlet dection of pump

2 outlet{section of pump

Figure 1 — Extent of model pump

6.2 Dimensional ranges of model pump

6.2.1 Reynolds number

The Reynplds number of a model pump, Repm, should beno less than 2,0 x 106 for either a centrifugal,
mixed floyw or axial pump.

6.2.2 Djmension of impeller

The large$t diameter of the impeller of a miodel pump should be no less than 300 mm. For an adjustaple
vane typd pump, the largest diameter, of the impeller should be the largest diameter at the desigred
vane setting angle. When manufacturing, precision can be ensured, the largest diameter of the impelfler
may be otherwise defined by the agreement between the purchaser and manufacturer.

6.2.3 Phmp total head

The pump total head of4@ model pump should be determined to satisfy 6.2.1 and 6.2.2 and ensure the
necessary| precision of‘\performance measurement.

6.3 Congstruction of model pump

All parts forming the hydraulic passageways of the model pump should be geometrically similar as the
corresponding parts of the prototype pump. When this is difficult to attain, another arrangement may
be agreed between the purchaser and manufacturer.

Similarity of the model pump should be proven by comparing measured dimensions of the model pump
with the values of the model pump drawings. If necessary, vane profiles and degree of surface finish
may also be measured and evaluated. Dimensions and items to be measured, measuring methods and
permissible deviations may be agreed between the purchaser and manufacturer.

Regarding the clearance in the wearing part of a closed impeller, a geometrical similarity should be
kept between the model pump and the prototype pump for the number of annular clearance steps, axial
length, clearance average diameter, etc. The annular clearance may, however, be increased when it is
possible to conduct operational testing of the model pump. The effect of increased clearance may be
taken into consideration when converting performance of the model pump to that of the prototype.

8 © IS0 2019 - All rights reserved
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7 Performance test

7.1 Testinstallation and measuring instruments

A testinstallation comprising a water reservoir or tank, piping, a discharge control valve, etc. providing
anormal flow of water and allowing stable operation of a model pump and a performance measurement
should be used. An example of a test arrangement is shown in Figure 2.

© IS0 2019 - All rights reserved 9
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- 3 2\
T <t—%
' |
4 1 20, 3 i
— x
LS

b) Mixed flow and-axial pump

a 6
322
/L‘\ 1 \@
3
?\. 3 2 -
- X D<[—
4 1 5
T‘!

c¢) Pump with suction sump

Key

1  pressure tapping

2 flow-meter

3 throttle valve

4  tank

5 inlet flange (Inlet boundary of model pump)

6  outlet flange (Outlet boundary of model pump)
a

To vacuum and pressure control.
Figure 2 — Performance test installation

10 © IS0 2019 - All rights reserved
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e best measuring conditions are obtained when the flow in a measured section has
an axially symmetrical distribution,
a uniform static pressure distribution, and

no swirls induced by piping installation.

2019(E)

Although it is difficult to achieve the above conditions completely, for practical purposes it is adequate
to make a measurement under the conditions given in a) to e) below.

In
pu
po

Fu
dis

a)

b)

wh

d)

Addition, Ay eXCESSIVE TUTvature or Steps 1T the approactt piping amd hydrautic passagew
mp should be avoided to make the pump inlet flow uniform and minimize disturbances:a
5sible.

'thermore, it is preferable to implement a flow rectifier if there is a possibility.'ef unevg
turbance.

Any bend, combination of bends, expanded pipe section, discontinuous pipe section, etc.
avoided in the vicinity of the measuring section.

A test arrangement where a suction line is provided by a closed’channel extending fro
with a free surface or a large stilling vessel, the length of the straight suction pipe L is d¢

by Formula (1)
L/D>1,5K+5,5

ere

D is the pipe diameter;

K is the type number.

bend and the model pump. On the-other hand, a flow rectifier is required in a closed chan
no sump or stilling vessel on the upstream side of the model pump.

A flow control valve shduld be installed in the discharge piping as a rule (it is preferable
from installing a flow.dontrol valve in the suction piping). If a flow control valve is in
the suction piping.and cannot be fully opened (for example, in the case of a cavitation te
rectifier should.be-installed between the control valve and the pump inlet, or a straight p
a length at least12 times the pipe diameter should be installed. When using a flow contr
a throttledstate, it should be noted that the pump cavitation performance may change
occurrence-of cavitation in the valve.

In the.case of a vertical shaft pump, the geometry of the suction sump of the protot)
sheuld be taken into consideration in the testing of the model pump, whose performance
measured between 5 and 6 [see Figure 2 b)]. Other measuring locations may, however, b

ays of the
s much as

n flow or

should be

m a sump
btermined

e8]

As long as this condition is fulfilled, there it is not required to install a flow rectifier hetween a

hel having

to refrain
stalled in
st), a flow
pe having
b] valve in
Hue to the

pe pump
should be

e adopted

according to the agreement between the purchaser and manufacturer.

Changes in water temperature should be minimized. In cases where liquid temperature rises more
than 5 degrees K during a test due to heat input, the liquid temperature should be measured before
and after each test and the average temperature should be used to evaluate physical properties.

Measuring instruments should have enough accuracy to measure the pump total head, volume rate of
flow, pump power input, and speed of rotation of the model pump. The permissible relative uncertainties
of instruments should be within the values listed in Table 4. Suitable periods for instrument calibration
as provided in ISO 9906:2012, Annex C should be recorded. The calibration should be guaranteed by a
calibration system that can be traced back to the relevant international metrology standard. In cases
where such an international calibration standard is not available, the procedure of calibration should
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be documented. In cases where instruments other than those listed in Table 4 are used, the agreement
between the purchaser and manufacturer should apply.

Table 4 — Permissible relative uncertainties of instruments

Measuring quantity Uncertainty
Volume rate of flowa 0,5%
Pump total head (differential head) 0,3%
Outlet head 0,3%
Inlet head 0,3%
Driver power inputb 0,3%
Speed of rotation 0,1 %
Torque 0,2%
Temperature 0,1K

a  Uncertainty in the measurement of volume rate of flow using an orifice, nozzle,
Venturi tube or electromagnetic flowmeter should include the uncertainty\of the
mass method or the volumetric method used in addition to the uncertainty of the
instrument itself. The calculation for estimating uncertainty is shown in’/Annex B for
reference purposes.

b In the case when using watt meter with calibrated motor for pumip power input,
uncertainty of pump power input should include the uncertainty<of motor efficiency
in addition to the uncertainty of the instrument. See 1SO 990632012, D.4.3.

7.2 Test conditions

7.2.1 Testoperation
The test operating conditions are as follows.

a) Tests|should be conducted with cleany/cold water, whose characteristics should meet the
requifement specified in ISO 5198.

b) Whilg conducting a performancestest, the fluctuation around the mean of the measured valyes
and the extent of variation duringthe repeated measurement period, as defined in 7.2.2.1, shotild
satisfly the criteria given in Table’5 and 7.2.2.3, respectively. These conditions should be confirmed
close fo the specified pump-total head before conducting the performance test.

c) The speed of rotationinthe test should be within +5 % of the specified speed of rotation.
7.2.2 Stability of eperation

7.2.2.1 [Fluctuation and variation

The following definitions apply to this document.

7.2.2.1.1 Fluctuation

The range of fluctuation around the mean during one measurement ¢ is defined by the following

Formula (2):
_X]-—Xi

e=—L 2)

1

where
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Xj is the instantaneous value during one measurement;

X is the measured value (arithmetic mean of one measurement).

7.2.2.1.2 Variation

Changes in a measuring quantity observed between one reading and the next reading. The uncertainty
of variation is discussed in detail in 7.2.2.3, and the method of calculation is described in Annex B.

7.2.2.2 Allowable fluctuation in readings and use of fluctuation damper

7.2.2.2.1 Measurement of signals from measurement system

Thie allowable fluctuation of each measuring quantity is shown in Table 5. The’fluctugtions are
confirmed at the same time when the test operating conditions are confirmed{_The confitmation is
mdde by conducting a set of measurements within 10 seconds with a sampling cycle of nof less than
onfe per second close to the specified pump total head.

<

Table 5 — Allowable fluctuation around the mean value of measuring quantity

Measuring quantity Allowable fluctuation

Volume rate of flow 2%

Pump total head (differential 3%
pressure)

Outlet pressure 2%

Pump Inlet pressure 2%

Driver power input 2%

Speed of rotation 0,5 %

Torque 2%
Temperature +0,3 K

Thie allowable fluctuation of the pump total head is obtained as the square root of the square $um of the
fluctuation ranges of inlet andoutlet pressure. When using a differential pressure-type instrjument for
mdasuring the volume rate-gfflow, the allowable fluctuation of measured differential pressufe is +4 %.
When measuring the pumptotal head of suction and the pump total head of discharge sepafately, the
allpwable fluctuationds,determined about the pump total head.

When the pump génerates vibration of larger amplitude due to its construction or operating conditions,
a damper may‘be-introduced in the instrument or connecting pipe to reduce fluctuation ac¢ording to
th¢ limits shewn in Table 5.

Sirjce the~damper could influence the accuracy of readings, a damper that has symmefrical and
linEar characteristics and is appropriate to show an integral value for at least one cycle of fluctuation
(e_o r‘:\pi]]nry fll]‘\ﬂ) should be used

7.2.2.2.2 Automatic reading or automatic calculation of signals in measurement system

When automatically recording, or integrating signals obtained from an instrument by a measurement
system, the ranges of fluctuation of such signals are permitted to exceed those given in Table 5 if the
following conditions are met.

a) The measurement system is equipped with a device that can automatically calculate a mean with
sufficient accuracy for a period specified longer than the response time of the system.

b) When integration is made to calculate a mean from continuously recorded or sampled analogue
signals in the form of x(£) (time-dependent measuring quantity) (the sampling conditions should be
described in a test report).
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7.2.2.3 Limit of variation

7.2.2.3.1 Number of measurement sets

At each operating point, the measurement should be conducted repeatedly at random intervals of not
less than 10 seconds, and multiple sets of data should be recorded. During measurement, only the speed
of rotation and temperature can be adjusted. All other settings such as control valves, water level,
sealing water of the packing, and balancing water should be kept at the same conditions as the initial
conditions of measurement.

Variation§among repeated readings Under the Same operating conditions tmpty, at teast partiatly, the
unsteadiness of the test conditions, which are affected by the equipment and the pump being tested|At
each test point, no less than three sets of measurement should be obtained and the arithmetic'mean of
them should be taken as a measured value.

7.2.2.3.2 | Calculation of uncertainty due to the number of measurement sets

If data arpund the mean value are distributed randomly because of repeated obsérvation of the same
measuring quantity, the uncertainty of measurement can be estimated statistically. The method| of
estimatioh is shown in Annex B.

7.3 Nummber of measurement points
The numMber of measurement points should be as follows.

a) Normally, it is recommended to conduct measurement atiminimum of seven points between the
minirhum and the maximum allowable operating rate.efflow.

b) Whern the prototype pump is of variable speed type, a variable speed test on the model pump dan
be onjitted if the range of speed variation is within 20 %.

c) Inthqcase of an adjustable vane-type pump, the vane angle for testing should be determined by the
agreement between the purchaser and manufacturer and the measurement defined in a) should|be
condycted at the respective angles. In axial and mixed flow pumps, measurements at flow rateq of
60 % pr less of the specified volume rate of flow can be omitted if specified in the mutual agreement
betwe¢en the purchaser and mapufacturer. The number of measuring points in this case should a|so
be specified in this mutual agreement.

7.4 Pumnp total head

7.4.1 General

Pump tot4l head shoulld be measured in accordance with ISO 9906:2012, Annex A, Grade 1, whereby the
content off 7.4.2:40-7.4.7 should be considered.

742 )Y s Bi-ag-incklrirnaand
U 3} vicdoul llls IIIOLL UIIITIILO

A liquid column manometer, spring pressure gauge (including a vacuum gauge) or digital pressure
gauge should be used as a measuring instrument.

7.4.3 Liquid column manometer
The liquid column manometer should be as follows.

a) The inside diameter of the glass tube of the liquid column manometer should be constant and at
least 6 mm.

b) When using a U-tube or inverse-U-tube liquid column manometer, both high and low liquid
manometers should be read simultaneously.
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c¢) When determining the differential pressure by using a liquid column manometer, the density of the
liquid used should be considered for precise conversion into pressure.

d) When using a liquid column pressure gauge of single pipe type, the liquid column of the single
pipe should be read and corrected for changes in the liquid level of the liquid reservoir. The inside
diameter of the liquid reservoir should be at least 10 times the inside diameter of the glass pipe.

e) The scale used for reading a liquid column should be graduated in millimetres and be approved by
official inspection. The calibration of the scale should be conducted using an accuracy class [ metal
rule based on the OIML R35-1:2007.

7.4.4 Spring pressure gauge

Thie spring pressure gauge to be used should have been calibrated in reference to the/incrdasing and
defreasing directions of pressure using a pressure standard (of weight type, liquidieelumn tylpe, etc.).

7.4.5 Digital pressure gauge

Thie pressure gauge to be used should have been calibrated in reference to'the increasing and decreasing
dirffections of pressure using the calibration method stipulated in OIMLFC10-SC1 Ver. 4.0.

7.4.6 Pressure tappings
Thie pressure tappings to be arranged should be as follows:

a) | Connect a straight pipe for measurement on each of the pump outlet and inlet sides, [each pipe
having a length of at least four times its bore (equivalent diameter in the case of a nopn-circular
pipe) except for test arrangements described.in 7.1 b) which require a minimum length of 1,5
K +5,5 times its (equivalent) bore for inlet sidde. Pressure tappings should be provided at f distance
two times the bore diameter from the pump flange surface. The diameter of each tapping hole
should be 3 to 6 mm or 0,08 D, whichever is smaller, and the depth of the hole should not b¢ less than
2,5 times the diameter. Nevertheless, a connection pipe may be provided between the pump and the
straight pipe for measurement according to a contract between the purchaser and manufpcturer or
for convenience in using the test installation. Other requirements regarding measuring sections
and arrangement of the pressure tappings should be as per ISO 9906:2012, A.4.1 to A.4.3), Grade 1.

b) | If the pump is operated-inthe range of partial flow rate and a recirculation flow is generated so that
true inlet pressure cannot be measured, correct this problem as described in ISO 9906:2(12, A.4.1.

c) | Join the four pressure tappings in one section by connection tubes to measure the average pressure
unless otherwise agreed between the purchaser and manufacturer.

d)| The loss 6f-head, Hy, due to the frictional resistance between the pressure measuring s¢ction and
the medel pump should be determined by the following formula and be added to the differential
head,between the pressure tappings. Nevertheless, the addition of Hf is not required when Hr is
negligibly small compared with the pump total head at the specified volume rate of flow.

2
Hy Ly (3)
D 2g

where D is the diameter of the pipe, expressed in metres (m).
An equivalent diameter is used in the case of a non-circular pipe.

_4><A

I

D (4)

e
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is the cross-sectional area, expressed in square metres (m2);

is the length of the wetted perimeter, expressed in metres (m);

is the acceleration of gravity, expressed in metres per square second (m/s2);
is the loss of head, expressed in metres (m);

is the distance between the pressure measuring section and the model pump, expressed in
metres (m);

747 D
When the

used (e.g.
directiona

7.5 Vol

is the flow velocity, expressed in metres per second (m/s);

is the pipe friction coefficient (the numerical value or formula for calculation.should|be
stipulated in the agreement between the purchaser and manufacturer.), dimensionless (+).

Amper

indication of a measuring instrument overly fluctuates, a mechanical damper may |be
throttling a gauge cock or joint tube). In this case, the damper effect should not have gny
lity.

1me rate of flow

The methjpds and instruments for measuring the volume ratesof flow should be in accordance wijith

either of t

751 O
These floy

7.5.2 El
These floy

7.5.3 Mass method or volumetricimethod

These flov

7.6 Spe

7.6.1 Measurement method

The meth

he following.

rifice plate nozzle and venturi tube

vmeters are specified in ISO 5167-1.

ectromagnetic flowmeter

vmeters are specified in ISO 20456.

vmeters are specified in'ISO 4185 or ISO 8316.

ed of rotation

hd forvmeasuring speed of rotation should be as follows.

af votration chaonld ha yanacniend 1 ~npnactinny vith tha chaft Af 2 s dal g A
H—

a) Speed

efretation—shouwldbe—measuredin—~conneete ith—theshaftof a—medelpump—oer—the

dynamometer shaft or motor shaft directly connected to the model pump.

b) Speed of rotation should be determined by counting signals generated by the rotation of the main
shaft for a specified period.

7.6.2 Measuring instruments

The instruments for measuring speed of rotation should be as follows.

a) Thed

igital counter used in the counting part of the measuring instrument should be appropriate in

setting the duration of counting input signals to a level of 0,01 % or less.

16
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b) When connecting a detector to an axis of rotation, the connecting part should be so designed to

7.7

avoid any impairment of rotational precision.

Pump power input

7.7.1 Method for measuring pump power input

The
a)

method for measuring pump power input should be as follows.

Pump power input should be determined by measuring torque and speed of rotation.

b)

7.7.2 Measurement of torque

T

=)

b)

f)

o

7.

"que should be measured as follows.

If there is any loss in pump power input that is not present in the prototype pump due\to’f
of the measuring installation, the pump power input measured should be correctedfor th

An electric dynamometer or torque meter should be used for the measurement of torque
When using an electric dynamometer, care should be taken

— so, that the flow of air caused by the rotator does not affect the torque measurement

he design
e loss.

— so, that the rigidity of the connecting part such as the wiring of the electric dynamonpeter does

not affect the torque measurement.

The minimum detectable scale of the electric dgframometer and the torque meter should be 0,1 %

or less of the torque measured at the specified volume rate of flow.

The effective arm length of the electri¢ dynamometer should be measured with the
uncertainty being +0,05 % of the length.

A dynamometer having a mecharism to convert the direction of control force from hof
vertical should not have frictianjthat would cause a problem with accuracy due to the m

expanded

izontal to
cchanism.

The lever ratio of the mechanism should be measured with the expanded uncertainty being

+0,05 %.

The electric dynamonieter and torque meter should be calibrated in the increasing and d
directions of drivingforce by using a certified weight.

Measurement uncertainty

uncertainty of measured values may be estimated in accordance with Annex B.

Calculation of pump power input, pump power output, and pump efficiency

ecreasing

The calculation of pump power input, pump power output and pump efficiency should be in accordance
with the following formulae:

P,=2n T n
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where

g is the acceleration of gravity, expressed in metres per square second (m/s2);
H is the pump total head, expressed in metres (m);

n is the speed of rotation, expressed in reciprocal seconds (s~1);

P, isthe pump power input, expressed in watts (W);

Py isthe pump power output -expressed in watts (W)
r rr r 7 r \Y J7

is the volume rate of flow, expressed in cubic metres per second (m3/s);
is the torque, expressed in newton metres (Nm);

n is the pump efficiency, dimensionless (—);

o is the density of liquid, expressed in kilograms per cubic metre (kg/mi3}.

The pump efficiency should have three significant digits and the fourth-digit should be rounded
according|to the provision of ISO 80000-1. Annex B shows a method for caletlating the uncertainty in
the calculpted pump efficiency.

8 Cavitation test and NPSH3 test

8.1 Concept of test

The cavitation test and NPSH3 test are aimed at confirming the existence and extent of deviation| in
pump total head due to the occurrence of cavitationtinder the operating conditions of a model pump
corresporfding to the operating conditions of a pfototype pump. In the case of multistage pumps, the
head drog should be relative to the head of the.first stage, which should be measured if accessible.

8.2 Test method

8.2.1 General
The test nhethod should be anyrone of the following.
Clause 7 should apply corréspondingly to the measurement of other aspects of pump performance.

When it s necessany-to perform readings repeatedly because of unstable testing conditions, the
fluctuatiopn of NPSH )should be allowed to be as much as 1,5 times the fluctuation given in 7.2.2.2{or
0,2 m, whijcheveris greater.

In a pump|Having a wide operating range, it is difficult to evaluate the influence of cavitation in the range
of excessive Tlow rate, where the pump total head is significantly lower than the specified total head.
The criteria for evaluation in such a case should be based on the agreement between the purchaser and
manufacturer.

8.2.2 Cavitation test

Within the operating range of a prototype pump, three or four similar points close to the volume rate
of flow are selected as test points based on the agreement between the purchaser and manufacturer.
Then, a test is conducted at NPSH where the cavitation coefficient of the prototype pump is equal to that
of the model pump, and the Q-H curve obtained by connecting these points is compared with the Q-H
curve at an ample NPSH level within the operating range of the prototype pump.
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8.2.3 NPSH3 test

Within the operating range of a prototype pump, one to four points close to the volume rate of flow are
selected as test points based on the agreement between the purchaser and manufacturer. Then, the
pump head is measured while keeping the same volume rate of flow and changing suction pressure, and
the critical NPSH level at each volume rate of flow is determined to obtain a Q-NPSH3 curve.

8.3 Characteristics of the test liquid

As far as possible, free gas should be removed from water before testing. In case it is necessary to avoid
defgassing In any part of the pump, the water of the circuit should not be supersaturated.

8.4 Testinstallation

Figure 2 shows an installation for testing a pump by adjusting the NPSH of ¢the pump. pAdditional
requirements on the installation and optional equipment such as temperaturge‘control system and de-
aerator should be as per SO 9906:2012, B.5.

9 | Indication of performance and evaluation of test results

9.1 Arrangement of measured values and indication Of performance test results

Thle measured values should be arranged and the performance test results should be indlicated as
follows.

9.1.1 Conversion at specified speed of rotation

n
Qu=0—* (8)
n
Y
Hy=H (—M) (9)
n
n 3
Py = p(_Mj (10)
n
N X
NPSH, = NPSH (—MJ (11)
n
where
Hw is the pump total head for the specified speed of rotation, expressed in metrgs (m);
n is the test speed of rotation of the model pump, expressed in reciprocal seconds (s-1);
nMm is the specified speed of rotation of the model pump, expressed in reciprocal seconds (s-1);

NPSHy  is the NPSH for the specified speed of rotation, expressed in metres (m);
Pum is the pump power input for the specified speed of rotation, expressed in watts (W);

Qm is the volume rate of flow for the specified speed of rotation, expressed in cubic metres
per second (m3/s).

For the conversion of NPSH, the value x = 2 may be used as a first approximation, however values of
exponent x between 1,3 and 2 have been observed for different conditions and an agreement between
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the purchaser and the manufacturer is recommended to establish the conversion formula to be used.
See IS0 9906:2012, 6.1.1 for more information.

9.1.2 Performance curves of model pump

The performance of the model pump should be shown by indicating the value of the specified speed
of rotation, by plotting measurement points on a graph with Q on the horizontal axis and H, P, and
efficiency n on the vertical axis using the values obtained in 9.1.1, and drawing a smooth curve that
passes through the measurement points. The cavitation test points should also be shown in the graph
(see Figure 3). This does not apply when conducting an NPSH3 test to determine NPSH3.

Key
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erformance curves of adjustable vane type model pump

rane angles should also be noted (see Figure 4).
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Figure 3.—'Performance curves for fixed vane type pump

e of a-pivmp with adjustable vanes or adjustable diffuser vanes, performance curves for
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X volume rate of flow Qum
Y pump total head Hy, pump efficiency nym, pump power input Py
1 pump total head Hy
2 pump efficiency num
3 pump power input Py
a Vane angle (degrees).

Figure 4 — Performance curyves for adjustable vane type pump
9.2 Conversion of various quantities’from model to prototype pump
9.2.1 Conversion of volume raté of flow, pump total head and pump power input

Thie volume rate of flow, pump-total head and pump power input of a prototype pump

should be

determined from various quantities obtained by the performance test of a model pump according to the
following formulae:
3
np (D
Qp =0y —P[—P] F, (12)
ny\-Dm
2 2
D
Hp =Hy (n_PJ (_Pj g_MFﬁx (13)
ny ) \Pm) gp
2 5 /
P =Py QLH—PJ L—PJ /(Ff -Fm) (14)
pm v ) \ Pum
hp Mmp N
Np =F, -Foy -Fy Ny — —hP TmP VP (15)
ThM TmM TTvm
21
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where

gp

Hym
Hp
nm
np

Pm
Pp

Qm
Qp

nm
np
hM
hp
TmM
Nmp
nvM
Nvp
PM

pp
NOTE
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is the representative dimension of the model pump, expressed in metres (m);
is the representative dimension of the prototype pump, expressed in metres (m);
is the hydraulic efficiency ratio Fy, = nhp/nhM, dimensionless (—);

is the mechanical efficiency ratio Fy, = nmp/nmm, dimensionless (—);

isthe volumetric nFFir‘iﬂnr‘y ratio F'v =n.n/n . dimensionless (_)’

IRZWAI R AV Y

is the acceleration of gravity at the installation location of the model pump, expressed in
metres per square second (m/s2);

is the acceleration of gravity at the installation location of the prototype pump;expressed in
metres per square second (m/s2);

is the pump total head of the model pump, expressed in metres (m);

is the pump total head of prototype pump, expressed in metres_(m);

is the speed of rotation of the model pump, expressed in reciprocal seconds (s-1);

is the speed of rotation of the prototype pump, expressedin reciprocal seconds (s-1);
is the pump power input of the model pump, expreéssed in watts (W);

is the pump power input of the prototype pump,‘expressed in watts (W);

is the volume rate of flow of the model pufdp, expressed in cubic metres per second (m3/g);
is the volume rate of flow of the prototype pump, expressed in cubic metres per second (m3/s);

is the influence factor of the pump total head in the hydraulic efficiency ratio between the
prototype and model pumps, dimensionless (—);

is the influence factor of the pump power input in the hydraulic efficiency ratio between the
prototype and model(pumps, dimensionless (—);

is the efficiency.6fthe model pump, dimensionless (—);
is the efficiengy of the prototype pump, dimensionless (—);
is the hydraulic efficiency of the model pump, dimensionless (—);

isthe'hydraulic efficiency of the prototype pump, dimensionless (—);

is the mechanical nF‘Fir‘innr‘y ofthe model pUmp; dimensionless (_)’

is the mechanical efficiency of the prototype pump, dimensionless (—);

is the volumetric efficiency of the model pump, dimensionless (—);

is the volumetric efficiency of the prototype pump, dimensionless (—);

is the density of liquid in the model pump, expressed in kilograms per cubic metre (kg/m3);

is the density of liquid in the prototype pump, expressed in kilograms per cubic metre (kg/m3).

The efficiency ratios used here are calculated as described in 9.2.2.
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9.2.2 (Calculation of volumetric, mechanical and hydraulic efficiency ratios

If specified by purchaser or agreed between the purchaser and manufacturer, a performance conversion
method may be applied to obtain efficiency ratios given in 9.2.1. Some examples of conversion methods
are listed in Annex C. If no performance conversion method is applied, all efficiency ratios should be
equal to unity.

The Reynolds numbers of the model and prototype pumps are calculated using the temperature of
clean, cold water during the performance test in the model pump and the temperature of clean, cold

water during actual operation (specified operating point) in the prototype pump, respectively.
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9.3

B Evaluation of test results

ien performing a model test as a delivery test of a prototype pump, the following criteria
bd to evaluate the test results unless otherwise specified in a prior agreement between the
l manufacturer (see Figure 5).

.1 Performance curve

hvert the results of the model test to the performance of the prototype pump in accordanc
pvisions of 9.2 under the same conditions of cavitation coefficient o. Plot the measurem
a graph with volume rate of flow Qp on the horizontal axis and pump total head Hp, pu
ut Pp and pump efficiency np on the vertical axis, and drawsa smooth curve that passes th
asurement points [see Figure 5 a)].

.2 Pump total head

hw a horizontal line with length 79 x Qg and a\vertical line with length 74 x Hg from the
nt (Qg, Hg), both in the positive direction, to*form an L-shaped figure having a size of p{
erance 79 and ty. The values of pump tetal head and volume rate of flow should be re
isfactory if the H(Q) curve crosses or touches the L-shaped figure [see Figure 5 b)]. Here,
in the range between 0 and +0,05, ahd-ty should be in the range between 0 and +0,03.

.3 Pump efficiency

iciency is given by the ifitersection of n(Q) and the vertical line that passes the point
aight line connecting the’specified point (Qg, Hg) and the origin of the Qg axis intersect
've. The guarantee-conditions are satisfied if the efficiency value at this intersection is e
pater than ng [see Eigure 5 b)].

TE The zone’of measured values for the P(Q) curve should not exceed the driving motor g
hin the range.of volume rate of flow used [see Figure 5 c]].

4 | Cavitation performance

It g

should be
purchaser

e with the
bnt points
mp power
rough the

buarantee
ermissible
parded as
7 should

where the
5 the H(Q)
qual to or

apacity Pg

hould be evaluated that the guarantee condition of the cavitation test is satisfied if the dec

rease rate

of pump total head regarding the performance test value is 3 % or less. In the NPSH3 test, on the other
hand, if the Q-NPSH3 curve drawn as stipulated in 8.2 lies below the guarantee point (Qg, NPSHg) under
the same coefficient of cavitation o, it should be evaluated that the guarantee condition of the cavitation
performance is satisfied [see Figure 5 d)].
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a) Performance curve of prototype pump
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9.4 Preparation of test results sheet

Manufacturer may prepare test results sheet in which the following items may be included:
a) date and place of the test and the name of the person in charge of the test;

b) requirements on the prototype pump and model pump;

c) matters of agreement;

d) range of similarity of the model pump;

e) measfiring installation, instruments and calibration data;
f) proceldures of performance conversion from the model pump to prototype pump;

g) performance curves and cavitation performance of the model pump at the specified speed| of
rotation;

h) convdrted performance curves of the prototype pump;
i) measpiring quantities and results of measurement (including formulae);
j) evaluption of test results;

k) otherf (evaluation of measurement uncertainties, etc. as necessary).

10 Protptype pump

The parts|forming the main hydraulic passageways of the model pump should be geometrically simiflar
to the corfesponding parts of the prototype pump.

Similarity] of the prototype pump should be proven by measuring dimensions of the prototype pump
regarding the prototype pump drawings.

If necessdry, vane profiles and degree ©of)surface finish should also be measured and evaluated.
Dimensiofis and items to be measured,measuring methods and permissible deviations should be baged
on agreenfent between the purchaseriand manufacturer.
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Annex A
(informative)

Additional tests

:2019(E)

A(;t General
Additional tests described in this annex are not mandatory and will normally be performed

when it is
specified by the purchaser.
A.2 Four quadrant test
A.2.1 General
Sirjce four quadrant test is very complex and needs additional cost, it"should only be performed when
its|necessity is recognised by the purchaser and manufacturer.
A.2.2 Operating conditions and directions
Thie operation modes are listed in Table A.1.
Table A.1 — Operating conditions and directions
Zone Operation mode Description Q n y T
1. Pump Pump Zoneofhormal rotation and + + +
normal flow during pump
operation
2. Break Pump break 7Zone of normal rotation and - + + +
reverse flow
3. Turbine |Turbine Zone of reverse flow above - - + +
the runaway speed within
the zone of reverse rotation
and reverse flow
Turbine break  |Zone of reverse flow below - - + -
the runaway speed within
the zone of reverse rotation
and reverse flow
Reverse pump Zone of reverse rotation and + - + -
normal flow
NOTFE—Fhesignsare-defined-asfoHows:
Q is positive in the discharging direction of pump operation;
n is positive in the rotational direction of pump operation;
y is positive when Hy 2 Hy (specific energy remains positive in all operation modes);
T is positive in the shaft torque direction of pump operation.
A.2.3 Model
The model should be in accordance with Clause 6.
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A.2.4 Test installation and test head

The test installation should be in accordance with Clause 7 and Figure A.1. The test head should be
specified in the agreement between the purchaser and manufacturer.
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ouflet flange (pump.operation)
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To|vacuum and\pressure control.

o

Flaw direetion (pump operation).

(g}

Flaw direction (turbine test).

Figure A.1 — Four quadrant test installation

A.2.5 Test method and test head

The test method should be as per the following A.2.5.1 to A.2.5.4.

A.2.5.1 Measurement items

The measurement items are pump total head, volume rate of flow, speed of rotation and shaft torque in
each operating mode.
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A.2.5.2 Measuring instruments

Th

e measuring instruments should be as per Clause 7.

A.2.5.3 Condition of adjustable diffuser vanes or adjustable vanes

:2019(E)

The opening of adjustable diffuser vanes or adjustable vanes should be at the design opening.

A.2.5.4 Conversion formulae to non-dimensional values

Th
fol
(s

wh

E complete characteristics of the model pump should be converted to non-dimensional val
owing formulae, and a smooth curve that passes through the measurement points should

e Figure A.2):
QM
2
Dim (gm -Hy
ny -Diy

Npp=——""¢
(9m ‘HM)O'5

Ty
PM'D1M3(9M‘HM)

QED - )0,5

Tgp =
ere

D1im is the impeller inlet diameter of the model pump, expressed in metres (m);

gm is the acceleration of gravity at the\installation location of the model pump, ex
metres per square second (m/s%);

Hum is the pump total head, expressed in metres (m);

NED is the speed of rotationfactor, dimensionless (—);

lies by the
be plotted

(A1)

(A2)

(A.3)

pressed in

nm is the speed of ratation of the model pump, expressed in reciprocal seconds (s11);

QFD is the volumiejrate of the flow factor, dimensionless (—);

QM is the volume rate of flow of the model pump, expressed in cubic metres per second (m3/s);

TED isthe torque factor, dimensionless (—);
™ is the shaft torque of the model pump, expressed in newton metres (Nm);

PM is the density of liquid in the model pump, expressed in kilograms per cubic metr

e (kg/m3).
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Figure A.2 — Four quadrant characteristic curves
The convgrsion of test results from a model pump to a prototype pump is performed by determin
the np — Qp and np — Tp relations using.the following formulae. Here, the pump total head or effect
head are 4ssumed to be constant (e(gy100 % Hp or 80 % Hp, etc.):
2 0,5
Qp =Qrp -Dip(gp -Hp) (A
0,5
| (gp-Hp)
Mp =Ngp —— > (AL
Dip
3
Tp =Tgp ~0p Dip-gp-Hp (Al
where
Dip  istheimpeller inlet diameter of the prototype pump, expressed in metres (m);
gp is the acceleration of gravity at the installation location of the prototype pump, expressed
in metres per square second (m/s2);
Hp is the pump total head or effective head of the prototype pump, expressed in metres (m);
np is the speed of rotation of the prototype pump, expressed in reciprocal seconds (s~1);
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Qp is the volume rate of flow of the prototype pump, expressed in cubic metres per second (m3/s);

Tp is the shaft torque of the prototype pump, expressed in newton metres (Nm);

PP is the density of the liquid in the prototype pump, expressed in kilograms per cubic metre
(kg/m3).

A.3 Pressure fluctuation test

A.B- T Modet

Thle model should be in accordance with Clause 6.

A.3.2 Test installation and pump total head

Thie installation should be in accordance with Clause 7. The test head should bethe same as|that used
in fthe performance test or cavitation test. Alternative arrangements may be made by the ggreement
between the purchaser and manufacturer.

A.B.3 Test method

A.3.3.1 Location of measurement

Thie measurement locations for the pressure fluctuation:test should be in the suction casing inlet and
the¢ discharge casing outlet. Alternative locations may be arranged, if necessary, by the dgreement
between the purchaser and manufacturer.

A.3.3.2 Method for measurement
Thie method for the measurement of pressure fluctuation is as follows.
a) [ The measured pressure is converted to an electrical signal and then to an equivalent heaf.

b)| Pressure should be measured by arranging a pressure tapping in a pipe wall and sgtting the
pressure detection part-0f*a pressure measuring instrument directly in contact with the flow
of water. When using(a copper pipe or the like to connect between the pressure tappirg and the
measuring instrument, the pipe should be minimized in length and be filled with water tq expel air.

c) | Attention should be paid to avoid any disturbance of flow due to the shape of the pressure tapping
or the installation state of the pressure measuring instrument.

A.3.3.3 Measuring instrument

The measuring instrument should be as per the following a) to d).

AR s £l ot 4 L S | ol 1o 1
a oSt a pPreSSurttoOnTveET tCT tIat COTTVET S PTreSSuUT CCITaITg CSTIICO CTC T I arT STETTaTSe

b) Pressure converters include those of electrical resistance type, piezoelectric type and condenser
type. Other types may also be used for a test if they have been calibrated by an appropriate method
for the purposes of the test and approved to have the necessary accuracy and characteristics.

c) The natural frequency of the pressure converter should be sufficiently higher than the pressure
fluctuation frequency to be measured.

d) To estimate pressure fluctuation more accurately, a suitable electrical filter circuit or the like
should be used to cut off frequency components of pressure fluctuation that are sufficiently
separated from the frequency components to be measured.
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A.3.3.4 Indication of measurement results

Pressure fluctuation may be indicated by peak-to-peak values of maximum amplitude or effective values
(RMS: Root Mean Square) for a series of measurement results obtained in a time period considered to
be sufficient for the type of fluctuation. A frequency analysis may also be conducted if necessary. An
example is shown in Figure A.3. The upper chart shows a time series plot of pressure fluctuation, from
which the maximum amplitude can be read. The lower chart shows the result of frequency analysis,
from which frequency components of pressure fluctuation can be obtained.

Y
2
'2 1 1 1 1 a
0 0,2 0,4 0,6 0,8 1
X
a) Pressure fluctuation patternAHy
Key
X timg, t (s)
Y pregsure fluctuation, AHy (m)
Y
1,§+00
<t
1,E-01
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (]
1,E-02 P TR VOV I
1,E-03
0 100 200 300 400 500 600 700 800 900 1009(
h) Spectrum of pressure fluctuation
Key

X frequency, fm (Hz)
Y RMS value of pressure fluctuation, AHv/Afm (m/Hz)
1 AHy (Overall, RMS) (m)

Figure A.3 — Example of pressure fluctuation measurements
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A.3.3.5 Conversion of various quantities from model to prototype pump

:2019(E)

The pressure fluctuation changes with the operating condition and the intensity of cavitation. Under
the same operating condition and the same cavitation coefficient of the model and prototype pump, the
following formulae hold true:

AH AH
- M_ZP (A7)
Hy  Hp
Su = i3 (A.8)
ny nNp
where
iV is the pressure fluctuation frequency of the model pump, expressedin hertz (Kz);
fp is the pressure fluctuation frequency of the prototype pump,-expressed in herfz (Hz);
Hm is the pump total head of the model pump, expressed in métres (m);
Hp is the pump total head of the prototype pump, expresséd in metres (m);
nm is the speed of rotation of the model pump, expressed in reciprocal seconds (s11);
np is the speed of rotation of the prototype punip, expressed in reciprocal seconds (s-1);
AHpy is the pressure fluctuation of the model pump, expressed in metres (m);
AHp is the pressure fluctuation of the prototype pump, expressed in metres (m).
Note that the natural frequency of each deviee of the model and prototype pumps should be stifficiently
separated from the above-mentioned fy and fp values.
A.3.3.6 Reporting of measurementresults
Thie values of pressure fluctuation may be divided by pump total head to be expressed in non-
difnensional form. The results of a pressure fluctuation measurement — as in the case of pfficiency,
pump total head and pump power input — are expressed on a graph with volume rate of flpw on the
hofizontal axis. An exaimple showing pressure fluctuation values in non-dimensional form i shown in
Figure A.4.
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Figure A.4 — Pressure fluctuation at discharge casing outlet (example-showing results of
pressure fluctuation measurement)

A.4 Thrust test

del

should be in accordance with Clause 6.

A.4.2 Testinstallation and test head

The installation should be in accordance with-Clause 7 and Figure A.5. The test should be conducted at
the same head as in the performance test ot the cavitation test. Other arrangements may be determirfed

by the agrleement between the purchaser and manufacturer.

A.4.3 thod of thrust measurement

The bearing housing of the medel pump should be supported by axial or radial load cells (or strai

gauge typle devices) and thrust is measured by electrical signals from the load cells. Before conduct
measurement, the load e€lls’should be calibrated by applying axial or radial loads on the shaft.

ng
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impeller
bearing

A.4.4 Indication of measurementresults and formulae for conversion to prototyy}

A.4.4.1 Axial thrust, applicabléto pumps having identical radial sections in the casing, such
type pumps, that do not cause a'significant radial thrust reaction.

1

2

3 load cell (axial thrust)
4 load cell (radial thrust)

Figure A.5 — Example-of thrust measurement installation

be pump

hs diffuser

Thie calculation of the dxial thrust and its conversion from a model pump to a prototype pump should

bel|based on the

following formulae:

2 4
Fo_pooJPe || | Dip
aP aM D
Pm ) \m 1M
where
DM 1S the impeller Inlet diameter ol the Model pump, expressed in Metres(my;
D1p is the impeller inlet diameter of the prototype pump, expressed in metres(m);
Fam is the axial thrust of the model pump, expressed in newtons (N);
Fap is the axial thrust of the prototype pump, expressed in newtons (N);
nm is the speed of rotation of the model pump, expressed in reciprocal seconds (s~1);
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