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INTERNATIONAL STANDARD

1ISO 5198 : 1987 (E)

Centrifugal, mixed flow and axial pumps — Code for
hydraulic performance tests — Precision class

0 Introdliction

This Internatjonal Standard is the first of a set of International
Standards ddaling with performance tests of centrifugal, mixed
flow and axial pumps (in the rest of the text referred to as
“pumps’’).

It specifies grecision class tests (former class A). Engineering
class | and dlass Il tests (former classes B and C) will be the
subject of a further International Standard.”

This International Standard does not recommer|d any construc-
tional tolerance nor any global tolerance/for gcceptance pur-
poses; it is devoted to specifying and describing procedure and
methods for accurately ascertaining,the performance of a pump
under the conditions in which “it is testgd. Contractual
interpretation of the test results.must be the subjject of a special
agreement between the partieés concerned (seq annex B).

Pump performance may be greatly affected by
conditions, and sthis” must be especially co
drawing up the“contract if a precision class tes

the installation

nsidered when

is to be carried

The aims of

these classes are quite different.

The precision class is mainly used for research, develop-
ment and dcientific purposes in laboratories, where an
extremely High accuracy of measurement is important.

The engineefing classes are generally applied for acceptance

tests.

In most casI, engineering class Il is adequate for acceptance

tests. The
cases when

e of engineering class | is restricted to.Spécial
there is a need to have the pump pé€rfermance

more precisdly defined. However, there may be cases of high

importance,
test will be

in which even an engineering class\l acceptance
udged inadequate for the precisjon required for

defining purpp performance. In these casgs the use of the
precision class may exceptionally be écessary for an accep-

tance test.

Attention myst be paid to the fact that the accuracy required
for a precisidn class test signifieantly increases the test costs by

comparison

Precision cla

vith the costs/for an engineering class test.

bs tests.may not always be practicable, even when

great effort gnd €xpense are devoted to measurements. Perfor-

mance tests

to“precision class specifications will be required,

out.

1..Scope

This International Standard specifies precisign class perfor-
mance tests for centrifugal, mixed flow and a)ial pumps.

It defines the terms and quantities that are us¢d and specifies
general requirements for tests. It specifies ways of measuring
the characteristic quantities of the precisign class so as
to ascertain the performance of the pump and thus provide a
basis for comparison with the performance $pecified in the
contract.

The structural details of pumps and the mechgnical properties
of their components lie outside the scope of this International
Standard.

This International Standard does not specify constructional
tolerances, which are purely contractual.

2 Field of application

and are possible, only In suitable circumstances. Therefore
both the purchaser and the manufacturer shall carefully ex-
amine whether the accuracy required for a precision class test
might be achieved either on site, on the manufacturer’s test
bed or in a mutually agreed laboratory. It should be noted that it
may not be possible to guarantee precision class accuracy in
advance of the tests.

The purpose of this International Standard is to specify how to
carry out a test with extremely high precision.

1) At present, they are dealt with in ISO 2548 and ISO 3555.

This  International Standard gives recommendations for
hydraulic performance testing of centrifugal, mixed-flow and
axial pumps when these tests have to meet very special require-
ments for research, development or acceptance of industrial
high-tech. pumps, or when very accurate knowledge of perfor-

mance characteristics is of prime importance.

This International Standard also applies to models and proto-
types whether the pumps are tested on a test bench or on site if
installation conditions so permit.
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It applies

— either to the pump itself without fittings, which re-
quires that the pump ends are accessible; or

— to the whole assembly of pump and of all or part of its
upstream and downstream fittings, which is the case for
pumps with inaccessible ends (submerged pumps, etc.).

NOTES

1 Attention is drawn to the fact that nearly all industrial needs are
covered by the codes of acceptance testing of industrial classes |
and Il.

2 Acceptance tes
|IEC Publications 198

3 References
ISO 31, Quantitigs, units and symbols.

ISO 555, Liquid |flow measurement in open channels — Dilu-
tion methods for measurement of steady flow —

Part 1: ConsEnt-rate injection method.

Part 2: Integfation (sudden injection) method.
Part 3: Congtant-rate injection method and integration
method using radioactive tracers.

1ISO 1438, Liquid flow measurement in open channels using
thin-plate weirs and venturi flumes.

1SO 1438/1, Water flow measurement in open channels using
weirs and ventunj flumes — Part 1: Thin-plate weirs.

ISO 2186, Fluid |flow in closed conduits — Connections for
pressure signal transmissions between primary and secondary
elements.

ISO 2548, Centrifugal, mixed flow and axial pumps.~.Code for
acceptance testy — Class C.

1SO 2975, Measyrement of water flow in-closed conduits —
Tracer methods |—

Part 1: Genefal.

Part 2: Confstant rate injection method using non-
radioactive tracers.

Part 3: Conslant rate-injection method using radioactive
tracers.

Part 6: Transft'time method using non-radioactive tracers.

ISO 3534, Statistics — Vocabulary and symbols.

ISO 3555, Centrifugal, mixed flow and axial pumps — Code for
acceptance tests — Class B.

ISO 3846, Liquid flow measurement in open channels by weirs
and flumes — Free overfall weirs of finite crest width (rec-
tangular broad-crested weirs).

1ISO 3966, Measurement of fluid flow in closed conduits —
Velocity area method using Pitot static tubes.

SO-4186—AMeasurerment—oftiguia r—-etosed—-conduits —
Weighing method.

ISO 4359, Liquid flow measurement in opén channpels — Rec-
tangular, trapezoidal and U-shaped flumes:

ISO 4360, Liquid flow measurement.in open channels by weirs
and flumes — Triangular profile yeirs.

ISO 4373, Measurement cof\liquid flow in open ¢hannels —
Water level measuring devices.

ISO 5167, Measurement of fluid flow by means of orifice
plates, nozzles and venturi tubes inserted in cirfular cross-
section conduits running full.

ISO 5168, ’Measurement of fluid flow — Estimatidn of uncer-
tainty of a flow-rate measurement.

ISO 7194, Measurement of fluid flow in closed fonduits —
Velocity-area methods of flow measurement in|swirling or
asymmetric flow conditions in circular ducts by means of
current-meters or Pjtot static tubes.

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

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

IEC Publication 41, /nternational code for the field|acceptance
tests of hydraulic turbines.

IEC Publication 193, /International code for model|acceptance
tests of hydraulic turbines.

IEC Publication 198 _/nternational code for the fieldlacceptance

Part 7: Transit time method using radioactive tracers.

ISO 3354, Measurement of clean water flow in closed con-
duits — Velocity-area method using current-meters.

1) At present at the stage of draft.

tests of storage pumps.

|IEC Publication 497, /nternational code for model acceptance
tests of storage pumps.
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Section one: General recommendations

4 Definitions and symbols

4.1 Definitions

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

ing em- Sustem composed-of ame ing

4.1.1 measuring-syste System-composed-o a
instrument, including a transducer which picks up physical in-
formation, and one or several elements in series transmitting or
transforming the resulting signal.

Such a systen has a response function which can be illustrated
by a gain response or a phase response curve over a frequency
range. In particular, a filtering effect appears between the
picked up physical quantity and the observed signal. This filter-
ing effect is| essentially characterized by a cut frequency. In
most measufing systems which are used, the continuous com-
ponent of the signal can pass and the cut frequency is then
strongly related to the response time of the system.

4.1.2 measuring instrument: Instrument, forming part of a
measuring dystem, which transforms any physical quantity
(pressure, speed, current, etc.) into a signal which can be
directly obsé¢rved (a mercury level, a point on a dial scale, a
digital reading, etc.).

4.1.3 first order statistical moment: mean value-of a
signal: Characterization of a random process x(t\by a first
order statisfical moment which generally isqthe mean u,
calculated oyer a period of time T given by, the-equation

1 t+ T

= jr x(1) dr

NOTE — To dalculate the mean-yvalue of a signal or physical quantity,
an integration|period T much.longer than the response time of the cor-
responding mpasuring systeny is usually chosen.

To determine| simultan€ously the mean value of several signals of
several physidal quantities corresponding to the same operating point,
the integratio period T is chosen by considering the longest response
time among i i re used.

or the autocorrelation function, R,,, given by the equation

1 t+ T
Rult, T = — $ x(0) [x(e + TV] i

t

415 steady and unsteady process: Random process x(t)

is said to be slightly steady or steady in a

tion R, (¢, T)] are not dependent on time ¢, 4t
vation begins nor on the period of time 7)d
observation is made.

general sense

when its first order statistical moment (mean u,) and its second
. . . 2

orrelation func-
hich the obser-
ring which the

Inversely, when the statistical moments are dependent on ¢ or
T, the physical phenomenon {s-said to be unsteady.

When all statistical moments of the process x(¢) (beyond the

second order), which. completely describe the

statistical prop-

erty of x(¢), are not dependent on ¢ and T, the|process is then

said to be strongly or strictly steady.

NOTE — Froma practical point of view and in this International Stan-

dard, only\slightly steady processes are considered

(first and second

order statistical moments). It should be noted thgt when the con-

sideréd process follows a normal or Gaussian distribi

tion law, the first

and\second order statistical moments are sufficient to describe the

statistical properties of the process completely and
strong or slight steadiness are then equivalent.

4.1.6 steady operating conditions: The o

both concepts of

perating condi-

tions are said to be steady when the different sLignals delivered

by the measuring systems and the phy
calculated from these signals have first order

second order [variance axz, or autocorrelatid

ical quantities
(mean u,) and
n function R,

(¢, T)] statistical moments which do not depend on the time ¢

at which the observation begins nor on the dy
which the observation is made.

NOTE — The random signal delivered by a measuri
found to be steady only if the integration period T ig
This point is difficult to check for one is never calcula
duration; this is why, from a practical point of view,)
with a certain confidence level is defined.

ration T during

hg system can be
sufficiently long.
ed for a sufficient
only a steadiness

4.1.7 unsteady operating conditions: The

bperating condi-

tions—are said—tobe unsteady when—the—different signals

According to the value of the integration period T chosen to calculate
the mean value of the signals, the operating conditions will be deter-
mined to be either steady or unsteady.

4.1.4 second order statistical moment: variance or
autocorrelation function: Characterization of a random pro-
cess x(¢) by a second order statistical moment calculated over a
time period T and for which can be chosen either the variance
a2 expressed as :

1 1+ T
at= — s [xt0) - uJ2dr
T Y

delivered by the measuring systems and the physical quantities
calculated from these signals have a first order (mean u,) or se-
cond order [variance a)%, or autocorrelation function R, (¢, T)]
statistical moment which depends on the time ¢ at which the
observation begins or on the period T during which the obser-
vation is made.

NOTE — The dynamic component (see figure 1) of the picked up
physical quantities has different origins:

a) a random origin: turbulence, white noise of the electronic
system, etc.,

b) a determinist origin: blade passing frequency, speed of rota-
tion in connection with the electric network frequency, flow
singularities, vibration modes, etc.
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T, is an insufficlently long integration period. The mean value, x, of x as estimated from,T; will vary.

T, is a sufficiently long period.

It is supposed trﬁt the possible unsteadiness of the operating
conditions has a flequency lower than that corresponding to-these

Figure 1 — Graph of the evolution of a phenemenon (supposed to be known)

phenomena (less tf
consequence, the i
period T correspon

an half the lowest encountered frequency);.as a
htegration period T will not be less than twice the
Hing to the lowest frequency mentioned above.

4.1.8 fluctuatigns: Periodic or random- evolutions of a

phenomenon x(¢
value and describ

as a function of time, yarying around a mean
Ing a physical quantity‘or-a signal delivered by

a measuring systgm.

All evolutions hgving a period>or a pseudo-period less than
twice the integration peridd )chosen to calculate the mean
values are consitﬁered as fluctuations. Then the fluctuations
can be consideredl asbeing ‘‘rapid’’ compared to the variations
of the mean valug (see*4.1.9).

Then the variations of the mean value can be corsidered as
being “‘slow’ compared to fluctuations (see 4.1.8).

4.1.10 readings: Visual observations allowing th¢ recording
of the value of the signal delivered by a measuring [system.

Two types of readings should be considered:

a) the “quasi-instantaneous” reading of the signal, which
is made during as short a time as possible (but pot shorter
than the response time of the measuring system
considered);

NOTE — The group of ‘‘quasi-instantaneous’” reaflings made

NOTE — Only fluctuations having a period or a pseudo-period higher
than twice the response time of the corresponding measuring system
can be detected.

4.1.9 variations of the mean value (in unsteady
operating conditions): Evolution of the mean value of a
physical quantity or of signal delivered by a measuring system,
between one reading and the next, in unsteady operating con-
ditions.

The variations of the mean values should show a period or a
pseudo-period higher than twice the integration period T
chosen to calculate the mean value.

during the integration period T allows the calculation of statistical
moments (see 4.1.3 and 4.1.4).

b) the ““averaging reading” of the signal which is made
over or at the end of the integration period T depending on
the measuring system, this "‘averaging reading’’ leads
directly to the mean value of the signal.

4.1.11 set of readings: Group of “‘quasi-instantaneous’’
readings leading to the determination of the values of the dif-
ferent signal or physical quantities characterizing an operating
point.
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4.1.12 response time of a measuring instrument: Time
interval between the instant when a stimulus is subjected to a
specified abrupt change and the instant when the response
reaches and remains within specified limits of its final steady
value.

4.1.13 Prandtl number, Pr:

C
Pr='l—l—E
A

where

I1SO 5198 : 1987 (E)

4.2 Quantities, symbols and units

Table 1 gives concepts and some of their uses in this Inter-
national Standard, together with any associated symbols which
have been allocated; it is based on ISO 31.

The definitions, particularly those given for kinetic energy coef-
ficient, specific energy and NPSH may not be appropriate for
completely general use in hydrodynamics, and are for the pur-
poses of this International Standard only.

u is the dynamic viscasity of the fluid:
A s its thermal conductivity. Table 2 gives an alphabetical list of symbols)uded, and table 3
(Definition taken from 1SO 31/12.) gives a list of subscripts.
Table 1 — List of quantities (based on 1SO 31)"
Quantity Definition2) Symbol Dimension3 Unit

Mass m M kg
Length / L m
Time t T s
Temperaturg [% (©] °C
Area A L2 m?2
Volume V L3 m3
Angular velgcity w T-1 rad/s
Velocity v LT-1 m/s
Acceleration|due to gravity 4 g LT-2 m/s?
Speed of rofation Number or rotations per unit time n T-1 s
Density Mass per unit volume 0 ML-3 kg/m3
Pressure Force per unit areas. Unless otherwise specified all p ML-1T-2 Pa

pressures are gauge pressures, i.e. measured with

respect to atmaspheric pressure. 1 bar = 10° Pa)
Kinematic vipcosity v L2T-1 m2/s
Specific enefgy Energy per unit mass E L2T-2 J/kg
Power (gendral term) P ML2T -3 W
Reynolds number Re dimensionless
Diameter D L m
Flow rates
Mass rate of flow The mass rate of flow designates the external q,,(q) MT-1 kg/s

mass rate of flow of the pump, i.e. the rate of flow

discharged into the pipe from the outlet branch of

the pump.

NOTE — Losses or abstractions inherent to the

pump, 1.e. :

a) discharge necessary for hydraulic balancing

of axial thrust;

b) cooling of bearings of the pump itself;

c) water seal to the packing;

d) leakage from the fittings, internal leakage,

etc.,
are not to be reckoned in the quantity delivered. On
the contrary, if they are taken at a point before the
flow measuring section, all derived quantities used
for other purposes, such as :

e) cooling of the motor bearings;
f) cooling of a gear box (bearings, oil cooler),
etc.,

should be added to the measured rate of flow.
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Table 1 — List of quantities (based on I1SO 31)1 (continued)

Quantity

Definition2

Symbol

Dimension3d

Unit

Volume rate of flow

The outlet volume rate of flow is given by the
equation

dy o
For the purposes of this International Standard, this
symbol may also designate the volume rate of flow
in a given section® of the pump outlet; it is the
quotient of the mass rate of flow in this section by
the density. (The section may be designated by
subscripts.)

qy (O

L3T-1

Mean velocity

Local velocity
Gauge pressure

Atmospheric pre|
(absolute)

Vapour pressure
Head

Height

Reference plane

Inlet impeller hei
height)

Velocity head

psure

(absolute)

hht (or eye

Hicient

The mean velocity of flow equal to the volume rate
of flow divided by the pipe cross-section5

v=%
A

Velocity of flow at any point

Any pressure used in this International Standard
except atmospheric and vapour pressure ; the effec-
tive pressure, relative to the atmospheric pressure.
Its value is

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

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

The energy per unit mass of fluid divided by-gravita-
tional acceleration.

Elevation of a point above a reference plane.
If the point is below the reference plane, z is
negative.

Any horizontal plane te~be-used as a datum for
height measurement. A materialized reference plane
may be more practical- than an imaginary one for
measurement purpoeses.

The height of the centre of the circle described by
the external point of the entrance edges of the first
impeller'blades. In case of double inlet pumps, z is
the_higher impeller height.

The”manufacturer should indicate the position of
this point with respect to precise reference points on
the pump.

Height of fluid corresponding to the kinetic energy

per unit mass of fluid divided by gravitational ac-
celeration. Its value is given by the formula

aU?2/2¢g

Pe

Po

Py

LT-1

LT~
ME-1T-2

ML-1T-2

ML-1T-2

| Velocity head c

cient

Available velocity head

Available velocity head coeffi-

A—coefficient—relating—velosity—head-in—the—section
with the mean velocity in that section. It is defined
by the equation
3
5 aVv dA
a="____
UsA
If vis constant, @ = 1

The part of the velocity head contributing to the
total head. Its value is given by the formula

a,U%/2¢ where
See 8.1.1.3

1<eo,<a

A coefficient relating available velocity head in a
section to the mean velocity in that section.

See 8.1.1.3

LF

; F
dimensiontess

dimensionless

m3/s

m/s

m/s
Pa

Pa

Pa
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Table 1 — List of quantities (based on ISO 31)1 (continued)

Quantity Definition2) Symbol Dimension3) Unit

Total head (in section /) Total head in a given section, /, is usually calculated H; L m
as:

2
D + aaiﬂ
08 2z
This equation assumes that pressure varies hydro-
statically in the section and that compressibility of

the liquid pumped may be neglected.

See 8.1.1.2 concerning the correctness of this last
assumption.

H; =z

i i

+

Inlet total head Total head at inlet section 1 H, L m

Outlet total|head Total head at outlet section 2 H,

3

Pump total |head Algebraic difference between outlet total head H, H L m
and inlet total head H,:

H=H, - H,
Separate evaluation of H; and H, is not always
necessary. Other methods may even be recom-
mended if compressibility is to be accounted for.
See 8.1.1.2.

Loss of hedd at inlet The difference between the total head of the liquid H,, L m
at the measuring point, or possibly of the liquid
without velocity in the suction chamber, and the
total head of the liquid in the inlet section of the
pump.

Loss of hedd at outlet The difference between the total head of the’liquid Hj, L m
in the outlet section of the pump, and the.total head
of the liquid at the measuring point.

Net positivgd suction head; NPSH Inlet total head increased by the\head (in flowing (NPSH) L m
liquid) corresponding to the atmospheric pressure at
the test location and decreased by the sum of the
head corresponding to the-vapour pressure of the
pump liquid at the inlet temperature and of the inlet
impeller height.

(NPSH)= B, + P2 &
918 918

NOTES

1. \To'maintain consistency between precision class
and engineering classes | and Il, the arbitrary defini-
tion of (NPSH) is the same.

Therefore, in calculating (NPSH) values, the value
of a,, is taken to be equal to unity (see velocity head
coefficient).

2  Local velocity distribution may influence (NPSH)
performance of the pump. Limitation of local veloc-
ity variation is given in clause 12.

3 It is necessary to make a distinction between

— the (NPSH) required at given flow and speed
of rotation for a given pump — this is specified
by the manufacturer;

— the (NPSH) available for the same flow,
which is inferred from the installation;

— the cavitation test (NPSH).

Subscripts may be used to differentiate these quan-
tities [for example (NPSH), when the value required
by the pump is concerned, (NPSH), when the
available value is concerned and (NPSH). when
cavitation test (NPSH) is concerned].

Critical net positive suction head | Net positive suction head associated with (NPSH), L m
[2 + (K/2)] % either of head drop in the first stage
or of the efficiency drop.
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Table 1 — List of quantities (based on ISO 31)1) (concluded)

Pump efficiency

Overall efficiency

Quantity Definition2 Symbol Dimension3) Unit
Type number A number defined by the equation K dimensionless
s 2nn(g)12 _ wq)M?
(gH')3/4 E’3/4

where g, is the volume rate of flow per eye and H’

is the head of the first stage. This quantity shall be

calculated at the best efficiency point.
Pump power input Mechanical power transmitted to the pump shaft. P ML2T -3 W
Driver power input Power input to driving unit. B, ML2T -3 W
Pump power output The power transferred to the liquid at its passage P, ML2T -3 w

through the pump
P,=0qygH =0qyE

P
n= F“ n dimensionless

Pu . -
Ngr = p- Ngr dimensionless
gr

1) Further symbdls used in the thermodynamic method are given in table 9.

2) In order to avd

id any error of interpretation, it is deemed desirable to reproduce the definitighs of quantities and units as given in |

supplement these flefinitions by some specific information on their use in this International Standard.

3) M = mass, L
4) For precision
error. The local va

g =19,7803(1
where ¢ and z are

= length, T = time, ® = temperature.

lass tests, the local values of g should be used. Nevertheless, in . most'cases, a value of 9,81 m/s2 would not invol
ue should be calculated by the equation

+ 0,005 3 sinp) — 3 x 10-6 7

respectively the latitude, in degrees, and the altitude, in metres.

5) Attention is drawn to the fact that in this case g, may vary for differént reasons across the circuit.

BO 31 and to

e significant



https://standardsiso.com/api/?name=c4fc122c21a0a9a7a26fb803e19ff23a

Table 2 — Alphabetical list of symbols

ISO 5198 : 1987 (E)

Symbol Quantity Units

A Area m?2

D Diameter m

e Relative value of uncertainty —

E Specific energy J/kg

f Frequency Hz

g Acceleration due to gravity m/s2

H Pump total head m
H, Losses in terms of head of liquid m

k Equivalent uniform roughness m)

K Type number dimensipnless
/ Length m

m Mass kg

n Speed of rotation s~

(NPSH) Net positive suction head m

p Pressure P4

P Power W
qpm Mass rate of flow kg
qy Volume rate of flow m3/rs
Re Reynolds number dimensipnless
1 Time s

U Mean velocity m/k

% Local velocity m/p

Vv Volume mJ

z Height above reference plane m)

o Velocity head coefficient dimensipnless
n Efficiency dimensipnless
[’ Temperature °(

A Universal coefficient for head loss dimensipnless
v Kinemafic viscosity m2/s

0 Density kg/m3

w Angular velocity radl's

NOTE — See also clause 11.
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Table 3 — List of letters and figures used
as subscripts

a) unless the chemical and physical properties of the liquid
are stated, it shall be taken that the points specified apply to
clean cold water (see table 4);

Table 4 — Specification of “clean cold water”’

Subscript Designation

1 inlet

2 outlet

a available

ac acoustic

b atmospheric

c critical

d drop

e —effectivetgauge?
f fully developed
gr unit (overall)

H pump total head
int intermediate

M manometric

m mass
mot motor

P pump power input
p pump

r required

s eye

sp specified

t total

T translated

u useful

\% volume

v vapour (pressure)
vis visible

n efficiency

b Specified duty

5.1 Main specification

One or more of {he following quantities'may be specified under
the conditions apd speed or rotation-stated in the contract:

a) pump tofal head, H,, at the agreed flow rate, gy, or
flow rate of the pump, gpsp, at the agreed total head, Hgp,.

b) power input orefficiency of the pump or combined
pump-motor|upit at ‘the specified gy, Hg, point.

Characteristic Unit max.
Temperature °C 40
Kinematic viscosity m2/s 1,5x 1078
Density kg/m3 1050
Non-absorbent free solid
content kg/m3 2,5
Dissolved solid content kg/m?3 50

b) the relation between the specified values under clean
cold water conditions and-the likely performance under
other liquid conditions shall be agreed in the céntract;

c) specified valdes shall apply only to the pump as tested

by the methods and in the test arrangements |specified in
this International Standard.

6 General requirements for tests
6.1 Organization of tests

6.1.1 Place of testing

Performance tests shall be carried out at the mahufacturer’'s
works, or alternatively at a place to be mutually agrg¢ed between
the manufacturer and the purchaser.

Both purchaser and manufacturer shall be enthied to have
representatives present at all tests and calibration$ in order to
verify that they are performed in accordance with this Inter-
national Standard and any prior written agreements.

6.1.2 Time of testing

The time of testing shall be mutually agreed by tie manufac-
turer and the purchaser.

c) net positive suction head, (NPSH), required by the
pump at the agreed flow rate gy, for a specified cavitation
effect as defined, for example, in 12.1.3.2 at the agreed flow
rate.

d) other points of the H{gy) curve may be indicated by
specifying either the total head at a reduced or increased
flow rate, or the flow rate at a reduced or increased total
head.

5.2 Other specifications

Unless specifically agreed otherwise in the contract, the
specified values are valid in the following conditions :

10

6.1.3 Staff

Accurate measurements depend not only on the quality of the
measuring instruments used, but also on the ability and skill
of the persons operating and reading the measuring devices
during the tests. The staff entrusted with effecting
the measurements shall be selected just as carefully as the
instruments to be used in the test.

A chief of tests possessing adequate experience in measuring
operations shall be appointed. Normally, when the test is car-
ried out at the manufacturer’s works, the chief of tests is a staff
member of the manufacturing firm.
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All persons charged with effecting the measurements are
subordinated during the tests to the chief of tests, who con-
ducts and supervises the measurements, reports on test condi-
tions and the results of the tests and then drafts the test report.
All questions arising in connection with the measurements and
their execution are subject to his decision.

The parties concerned shall provide all assistance that the chief
of tests considers necessary.

6.1.4 State of pump

ISO 51

d) specification of the pump'’s drive;

98 : 1987 (E)

e) description of the test procedure and the measuring

apparatus used including calibration data;
f) observed readings;

g) evaluation and analysis of test results

with calculation

of measuring uncertainties according to 6.4, 6.5 and

annex A;

h) conclusion : comparison of the test

When tests|are not carried out at the manufacturer’'s works,
opportunity |shall be allowed for preliminary adjustments by
both the mgnufacturer and the installer.

6.1.5 Test|programme

Only the spé¢cified operational data shall form the basis of the
test; other iata determined by measurement during the tests

shall have merely an indicative (informative) function and this
shall be stated if they are included in the programme.

6.1.6 Test|equipment

When deciding on the measuring procedure, the measuring
and recordir|lg apparatus required shall be specified at the same
time.

The chief of| tests shall be responsible for checking the correct
installation ¢f the apparatus and its perfect functioning.

All measurirlg apparatus shall be covered by reports showing,
by calibratign or by comparison with other International Stan-
dards, that it complies with the requirements of 6:4. These
reports shall be presented if required.

The measufing devices used shall hdve) valid calibration.
Periodic callbration shall be performed, by an entitled body.
During thelpump tests, the indications of the various in-
struments shall be cross-compared\to check that their calibra-
tion is mainftained. Generally after site testing or in case of
dispute, newy calibration shall’be’performed as soon as possible.

6.1.7 Test|report

After actual|serutiny, the test results shall be summarized in a

report signetl_either by the chief of tests alone or by him and

ee 3 4 L.
Spetnea autes ‘S'EE armex B).

results with the

All test records and record charts shall be.initiglled by the chief

of tests and by the representatives of both th
the manufacturer, each of whom shall be prov
of all records and charts.

The evaluation of the test(results shall be mad
ible while the tests are.jr-progress and, in any
installation and instrimentation are dismantlg
measurements regarded as suspect can be r
delay.

6.2 Test.arrangements

The (performance of a pump in a given te
however accurately measured, cannot be assu
tespondingly accurate indication of its perforni
arrangement.

Moreover, the conditions which permit the

e purchaser and
ded with a copy

e as far as poss-
case, before the
d, in order that
ppeated without

5t arrangement,
ned to be a cor-
ance in another

most accurate

measurements to be taken are not necessarfily those under

which the pump may perform most satisfac
under which the user may ultimately require it

This International Standard therefore defines
necessary to measure performance most

discusses the errors which may be caused by
those conditions, in order that the interested pa

torily nor those
to perform.

the conditions
accurately and
failing to meet
rties may define

the test arrangement most suited to the circunstances.

Recommendations and general guidance abo
arrangements upstream of a measuring dev
clauses 7 and 8; if necessary, they can be use
with International Standards on flow
closed conduits concerning the different flo
methods.

ut suitable pipe
ce are given in
d in conjunction

njeasurement in

v measurement

representatives of the manufacturer and of the purchaser.

All parties to the contract shall receive a copy of the report as
an essential condition for the completion of the contract.

The test report shall contain the following information :
a) place and date of the performance test;

b) manufacturer's name, type of pump, serial number,
and if possible year of construction;

c) specified characteristics, operational conditions during
the performance test;

6.2.1 Standard test arrangements

The most accurate measurement of head is possible when the

flow at the measuring section has:

a) an axially symmetrical velocity distribution;

b) a uniform static pressure distribution;

c) freedom from swirl induced by the installation.

The complete flow patterns at both inlet and outlet measuring
sections may be influenced by both the pump and by the

geometry of the installations.

"


https://standardsiso.com/api/?name=c4fc122c21a0a9a7a26fb803e19ff23a

ISO 5198 : 1987 (E)

It is recommended that for standard test circuits leading from
reservoirs with a free surface, or from large stilling vessels in a
closed circuit, the inlet straight length, L, be determined by the
equation:

L>(015K+55D
where
L is the inlet straight length;

D is the pipe inside diameter;

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

Connection on the inlet and outlet sides of the whole combina-
tion shall be made in accordance with 6.2.

6.3 Test conditions

6.3.1 Performance of tests

In order to obtain consistent results having regard to the degree
of accuracy to be achieved, the duration of the test shall be suf-

K is the typd number.

In a standard wolrks or laboratory test rig, satisfactory condi-
tions established py previous tests should be considered as suf-

ficient proof for

If the inlet conditi
in one or more o

a) increasing
disturbance c4

b) fitting an
(ISO 7194 giv{

ubsequent tests.

bns are not satisfactory, this may be remedied
the following ways:

the straight length following the source of
using the flow maldistribution;

appropriate straightener or swirl remover
s a detailed description of the functional and

geometrical characteristics of these devices.)

c) changing
disturbance.

the nature of, or removing, the source of

If none of these flevices is practicable on site, precision class

measurements ca|

NOTE — Attention
where this Internatig
for which pre-swirl
of the test installatid
mance.

hnot be made.

is drawn to the fact that in some particular cases
bnal Standard applies to partial flow rate operation;
ccurs, the arrangements agreed upon for that part
n at the suction side may modify the pump perfor-

6.2.2 Simulated test arrangements

When pumps are
straighteners shd
pump. It is impo
simulated circuit
should, as far as g
by the installation
If necessary, thd
simulated circuit

tested under simulated’site conditions, flow
Il not be installed“immediately before the
rtant that the characteristics of flow to the
should be eontrolled, and that the flow
ossible, befree from significant swirl induced
and have-a Symmetrical velocity distribution.
velocity distribution of the flow into the
shall\be determined by careful Pitot tube

traverses, in or

Her—to establish that the required flow

Ticient to take more particularly into account the reslfonse time
(see 4.1.12) of measuring instruments and_\the relative
steadiness of each operating point, within thelimitd defined in
table 5.

The measurements shall be made undereither steady operating
conditions (see 4.1.6) or unsteady ¢onditions (see 41.7) within
the limits defined in table 5.

The decision to make measufements when such |conditions
cannot be obtained shall be a matter of agreement bgtween the
parties concerned.

When only one duty point is indicated for checking, ft least five
measurement points closely and evenly grouped around the
duty point shall be recorded, for instance betweeh 0,9 v G
and 1,1 gi/¢.

When, performance over a range of operating conditions is to
bedetermined, a sufficient number of measurement points duly
distributed shall be recorded, in order to establish the perfor-
mance within the uncertainty stated in 6.4.

If the test has to be carried out at a speed of rotatign different
from that specified, the limits stated in 6.3.3 shall bd respected
and the characteristics obtained at the actual speed [of rotation
can be translated to the specified speed of rotation; gee 6.5.2.1.

6.3.2 Steadiness of operating conditions
6.3.2.1 Definitions

For the purposes of this International Standard thq following
concepts (see 4.1) are used :

— measuring system and instrument;

— first order statistical moment, mean value of a signal;

— second order statistical moment. variance and autocor-

characteristics exist. If not, the required characteristics can be
obtained by the installation of an adequate straightener (see
ISO 7194); however, care shall be taken to ensure that the test
conditions will not be affected by the high, irrecoverable
pressure losses associated with efficient straightening devices.

6.2.3 Pumps tested with fittings

If specified in the contract, standard tests can 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

12

relation;

— steady and unsteady phenomena;
— steady operating conditions;

— unsteady operating conditions;

—  fluctuations;

— variations of the mean value (in unsteady operating
conditions);

— readings;

— set of readings.
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6.3.2.2 Fluctuations of the signals delivered by the measuring
systems and of the physical quantities determined from
the signals

The physical quantities considered in a test and especially those
relating to the turbulent flow in the pipes or in the pump are
naturally fluctuating ones. Nevertheless, the fluctuations which
appear on the signals delivered by the measuring systems are
only seen through the response function of these systems
which leads to a partial or total filtering effect, and more par-
ticularly to a damping effect over a given frequency range.

1ISO 5198 : 1987 (E)

6.3.2.2.2 Automatic recording or integration of signals
delivered by measuring systems

When the signals delivered by the measuring systems are
automatically recorded or integrated by the measuring device,
the maximum permissible fluctuation amplitude of these signals
may be higher than the value given in table 5, if

a) the measuring system used includes an integrating
device carrying out automatically, with the required ac-
curacy, the integration necessary to calculate the mean
value as defined in 4.1.3; or

Therefore mé¢asuring instruments with Tow inertia and a very
short responge time may give a fluctuating signal with large
fluctuations @it every operating point. Conversely, measuring
instruments with high inertia and a long response time may give
only small fliictuations and sometimes only in the abnormal
operating rarjge of the pump.

6.3.2.2.1 Direct visual observation of the signals delivered by
measuring syjstems

To make a sdtisfactory direct visual observation, the maximum
permissible anplitudes of fluctuations given in table 5 shall be
respected fo each measured quantity.

Where the operating conditions of a pump are such that fluc-
tuations of geat amplitude occur, measurement may be carried
out by provic'||ing, in the elements of the measuring system, a
filtering or dgmping device capable of reducing the fluctuation
amplitude to|within the values given in table 5.

As the dampging may significantly affect the accuracy.of the
readings, a symmetrical and linear damping device, for example
a capillary tupe, shall be used.

Where pressfire measurements particularly- are concerned the
damping dev|ce shall comply with the specifications of 8.4.1.3.

Table § — Maximum permissible amplitude of
fluctuations as a percentage.of mean value of quantity to
be nmjeasured, for.direct visual observation

Maximum permissible
amplitude of fluctuations
%

Measufed guantity

b) the integration necessary to calculate the mean value
may be carried out later on, from the gontinyous or sampled
record of the analogue signal x(¢). (The’sampling conditions
should be specified in the test réport.)

6.3.2.3 Number of sets of readings or numbelr of averaging
readings

The number of sets(of readings or the numbegr of averaging
readings necessafy’to obtain consistent results having regard to
the degree of-accuracy required and within th¢ limits of error
stated in 6.4'is dependent on the steadiness of the operating
conditions.of the pump in the test installation.

When‘several sets of readings have to be madg, for the same
operating point, only speed and temperaturg may be con-
trolled. Throttle valve, water level, gland, and| balance water
settings shall be left completely unaltered.

In order to determine whether the operating|conditions are
steady, it is necessary to check whether the different signals
delivered by the measuring systems employpd are steady,
slightly steady or unsteady (see 4.1.6 and 4.1.7).

6.3.2.3.1 Steady operating conditions
When operating conditions are steady, the signgls delivered by
the measuring systems may be constant or presgnt steady fluc-
tuations.
When the signal is constant only one set of r¢adings or only
one averaging reading may be taken at the considered

operating point.

When the signal fluctuates, the observer shall[check that the

Rate of flbw

Head £ 3
Torque

Power

Speed of rotation +1

When using a differential pressure device to measure flow, the
maximum permissible amplitude of the fluctuation of the
observed differential head can be + 6 %.

In the case of separate measurement of inlet total pressure
head and outlet total pressure head, the maximum permissible
amplitude of fluctuation should be calculated on the basis of
the pump total head.

operating-conditions—are—steady-before-determining the quan-
tity to be measured, which requires several sets of readings or
several averaging readings.

6.3.2.3.2 Unsteady operating conditions

In cases where the unsteadiness of test conditions gives rise to
doubts concerning the accuracy of the tests, several sets of
readings shall be taken for each operating point considered (see
6.3.2.3). The difference between the mean values deduced
from the repeated readings of the same quantities will be a
measure of the unsteadiness of the test conditions, which are
at least partly influenced by the pump under test as well as the
installation.

13
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A minimum of three sets of readings shall be taken at unequal
intervals at the chosen point and the mean value of each quan-
tity and of the efficiency derived from each set of readings shall
be recorded. The percentage difference between the largest
and smallest mean values of each quantity shall not be greater
than that given in table 6. It will be noted that a wider tolerance
is permitted if the number of readings is increased up to the
maximum requirement of nine readings.

These tolerances are designed to ensure that the errors due to
scatter, taken together with the systematic error limits given in
clauses 7 to 12 will result in overall measurement errors not

greater than those given in table 7

Scale effects are not sufficiently established to permit precise
performance forecasts outside these limits and therefore
should be a matter of agreement.

For a combined motor pump unit, the motor efficiency change

between specified and test speeds shall be established at the
time of agreeing the contract.

6.3.4 Control of operating conditions

The test conditions may be obtained, among other methods,
by throttling at the outlet or possibly at the inlet or both at inlet

Table 6 — Linjits of variation between repeated mean
values of the same quantity (based on 95 % confidence
imits as defined in annex A)

Maximum permissible difference
between largest and smallest
mean values of each quantity

N‘f‘mbte' Rate of flow
of sets
Head .
of readings To‘:que Speed of rotation
Power
% %
3 0,8 0,25
5 1,6 0,5
7 2,2 0,7
9 2,8 0,9

The arithmetic fnean of the mean values from all sets of
readings for each quantity shall be taken as the actual value
given by the test| for the operating conditions considered.

If the values giveh in table 6 cannot be reached, the cause-shall
be ascertained, the conditions rectified and a new complete set
of readings madg, i.e. all the readings in the original'set shall be
rejected. No regding or selection of readings . in the set of
readings may be fejected because it lies outside the limits given
in table 6.

Where the excegsive variation is pot-due to procedure or in-
strumentation erfors, and cannot.thérefore be eliminated, the
number of sets of readings shall-be increased and the limits of
error shall be cal¢ulated by‘statistical analysis (see annex A).

It is unlikely that jvariations outside the requirements of table 6
will occur for the m@ajerity of pump tests carried out under well-
controlled conditions; f t
manufacturer’s works.

6.3.3 Deviation from specified speed

A difference of * 20 % between the specified speed of
rotation and the test speed of rotation measurement may be
allowed for the determination of flow rate, head and pump effi-
ciency. For (NPSH), measurements, the difference allowed
between the test speed and the specified rotational speed shall
be within the limits of = 20 % provided that the flow rate is
between 70 % and 120 % of the value corresponding to the
maximum efficiency at the same speed. For cavitation ap-
pearance tests, see annex D.
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- 6.3.56 Tests carried out.with a different liquid

and outlet. Nevertheless, control of the operating,conditions by
throttling at the inlet is not considered a normal ‘tést method.
When throttling at the inlet, due consideration'shall be given to
the possibility of flow distortion, increase in' turbulence, or of
air coming out of the water, all phenomiena whichl may affect
the operation of the pump (see 12.2) or of the flow measuring
device (see 7.1) or both.

If the liquid used during the tests differs from the ligliid pumped
in normal operatign,/its kinematic viscosity and the speed of
rotation of thespump shall be such that the mean fri¢tion coeffi-
cient A estimated for the whole pump does not differ by more
than 5 %_from its value in the conditions of use of the pump.
In the\case of larger variations of the friction coefficient A, a
conversion formula may be used by agreement between the
parties. The variations of the Reynolds number :

Dy~ 2gH’

v

Re =

where
D, is the inlet diameter of the pump;
H' is the head generated by stage;

shall be estimated from figure 29 and the admissiblg variations
of the ratio n/v shall be deduced.

The tests for total head, flow rate and efficiency [carried out
under these conditions are valid as long as no cayitation ap-
pears and compressibility is negligible.

6.4.1 General

When the methods, instruments, and calibrations employed
comply with this International Standard, the measurements ob-
tained represent, at the time, the best estimates of the true
value of the quantities being measured. Better, or more ac-
curate, estimates can be obtained only by gathering new data.

It is essential that the parties concerned should establish,
before the test, the range of uncertainty that can be tolerated.
Strictly speaking, the measuring uncertainties can only be
calculated when the results of the measurements are complete.
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6.4.2 Level of confidence

The uncertainty on a set of measurements of a single quantity
depends on the confidence level attached to this uncertainty.

. . . et
The higher the confidence level, the higher the absclute value

of the uncertainty and the higher the probability that any
measurement falls within the uncertainty bandwidth. It is then
necessary to specify the confidence level with which this uncer-
tainty is evaluated, together with the permissible uncertainty.
In this International Standard, the uncertainty is associated to a

95 % confidence level, i.e. there is one possibility out of twenty
that a rpadmn lies autside the measurement uncertainty band-

ISO 5198 : 1987 (E)

6.4.5 Mean values

The mean value of a large number of repeated measurements is
a better estimate of the true value than the average of a smaller
one, provided there is no systematic change with time of the
measuring system or the measured quantity which cannot be
corrected. When analysing test results, the chief of tests shall

satisfy himself that no such tendency is present.

6.4.6 Treatment of errors

it is advisable to treat systematic and random errors separately

width (see | 34}

6.4.3 Uncprtainties of individual quantities

In any one fest, enough evidence is seldom available to make
exhaustive gnalyses of all possible sources of error and deduce
percentage |confidence levels as described in textbooks on
statistics. Where there is such evidence, it should be used, but
in its absenge estimates should nevertheless be made based on
the availabl¢ data together with past experience of the method
of measurernent.

Strictly speaking, the uncertainty on each individual measured
quantity (qy, H, P, n, etc.) can only be evaluated when the
results of measurements are complete.

The fact thgt the uncertainties used may be, at best, estimates
in no way detracts from the value of defining agreed explicit
terms in a gontract using numerical quantities which can be
processed i an unbiased way.

For guidange, some values of the uncertainties which may be
expected ir| satisfactory measuring conditions are.given in
clauses 7 to|11 dealing with the measurement methods'of each
quantity, anjd maximum values which should not'be exceeded
for precision class tests are given in table 7.

6.4.4 Errors

The error of a measurement depends partly on the residual
error in the jnstrument or measuring system at the start of the
tests. At thip time, all known,errors will have been removed by
calibration, |careful measurement of dimensions, proper in-
stallation, etc. The (<uUncertainty still remaining is called
systematic ¢rror, and-alWays exists, however small.

Another sofyircé of error arises from the non-repeatability of
measurements,-which must always exist provided the readout
equipment has adequate discrimination. Such errors may arise
either from the characteristics of the measuring system, or
from changes in the quantity being measured, or both. They
are observed directly in the form of scatter readings, unlike
systematic errors, which do not affect repeatability during the
test. This second type of error is called random error.

Repetition of a set of measurements using the same equipment
can reduce the uncertainty introduced by random experimental
errors, but has no effect on the systematic error. The latter can
be reduced only if equipment of a higher standard of accuracy
is used, or if the same equipment can be calibrated to a higher
standard. The systematic error does not contribute in any way
to the-scatter of repeated observations.

as described In annex A.
Table 7 — Maximum permissible limits of uncertainty?
Maximum
. permissible
Quantity limit
%
Rate of flow + 15
Pump total head
Pump power iput (direct method) +1
Electrical power input by the motor-pump -
group
Pump*power input (determined from the
X + 1,3
efficiency of the motor)
Speed of rotation + 0,2
Overall efficiency of motor-pump unit + 2
Pump efficiency + 2,25
1) This table gives, as guidance, maximum values ¢f the uncertainties

which may be obtained with the apparatus existing gt the present time.
These values are for normal site conditions : laboratgry and works tests
may be more accurate.

6.5 Analysis of test results

6.5.1 Test data required for the analysis

The characteristics which may be specified lpy the manufac-
turer are given in clause 5.

The measurement methods of the quantities rjecessary for the
calculation of these characteristics are given ir] clauses 7 to 12.

e specified

conditions

Such conversion serves to determine whether the performance
specification would have been fulfilled if the tests had been.
conducted under the same conditions as those on which the
performance specification is based.

6.5.2.1 Conversion of the test results into data based on the
specified speed of rotation or frequency

All test data obtained at speeds of rotation other than the one

specified shall be converted to the basis of the specified speed
of rotation ngp,.

15
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If the deviation from this speed of rotation to the specified
speed of rotation g, does not exceed the permissible variations
stated in 6.3.3, and if the deviation from test liquid to specified
liquid is within the limits stated in 6.3.5, the measured data on
the flow rate gy, the total head H, the power input P, and the
efficiency #, can be converted by means of the equations:

qv,T = 4y 7

If these tolerances, i.e. 1 % for frequency and 5 % for voltage,
are exceeded, it will be necessary for the purchaser and the
manufacturer to reach agreement.

6.5.2.2 Tests made with (NPSH) different from that specified

After correction for speed of rotation within the permitted limits
(see 6.3.3), measured pump performance at a higher (NPSH)
cannot be accepted to indicate performance at a lower (NPSH).

After caorrection for speed of rotation within the permitted limits

2
n
Hr =H (ﬁ)

3
Pr =p(59\) X_'Q._SB

ntT =n

and the results olptained for the (NPSH) can be converted by
means of the equjption:

n X
(NPSH)t = (NPSH) (%’)

The value x = 2 may be used as a first approximation for the
(NPSH) if the spegified conditions given in 6.3.3 for the speed
of rotation and the flow rate have been fulfilled and if the
physical state of the liquid at the entrance of the impeller is
such that no awkyvard gas separation can affect correct opera-
tion of the pump|. If the pump operates near the cavitation
limits, or if the dqviation of the test speed from the specified
speed exceeds the specifications given in 6.3.3, the phenomena
may be influenceq by factors such as thermodynamic effects;
the variation of the surface tension or the differences in_dis-
solved or occludedl air content. Values of exponent x.between
1,3 and 2" have bpen observed and an agreement between the
parties to establish the conversion formula to be‘used is man-
datory.

In the case of combined motor-pump uhits, or where the per-
formance specificgtions are with respect’to an agreed frequen-
cy and voltage instead of an agreed speed, the flow rate, pump
total head, powe[ input, and ‘efficiency data are subject to
these conversion laws, provided‘that ng, is replaced by the fre-
quency fq, and n by the frequency f.

Such conversion,| hewever, shall be restricted to the cases

(see 6.3.3), measured pump performance at a low, (NPSH) can
be accepted to indicate performance at a higher)Y(NPSH) pro-
vided that the absence of cavitation has beeh-chedked in ac-
cordance with clause 12.

6.5.3 Presentation of test results

The presentation of test results shall be made using [the overall
uncertainties computed from the test or alternatively using con-
tractually pre-agreed\values, chosen taking accoynt of the
agreed test methdd and conditions.

Taking into aceount the total uncertainty on each doordinate,
each meaSured operating point may be represenfed by an
ellipse.*The axes of this ellipse represent the total Uncertainty
for ateonfidence level of 95 %. They are calculated i annex A.

The absolute values of the uncertainties are:

— for pump discharge * epQ
— for pump head t eyH
— for pump input t epP

— for pump efficiency t oeyn

where e represents the fractional total error in the |quantities
being considered.

After having determined the total uncertainties and fHrawn the
ellipses for each measured point, an upper and lowef envelope
of the ellipses shall be drawn (see figure 2).

where the frequerncy during The Test varies by no more than

1 % from the frequency prescribed for the characteristics
specified. If the voltage used in the test is no more than 5 %
above or below the voltage on which the specified character-
istics are based, the other operational data require no change.

The test result therefore is a band of measurement limited by
the two envelopes. All points within this band are equally valid.

Concerning adherence to specification, see annex B.

1) See RUTSCHI, K., Messung und Drehzahlumrechnung des NPSH-Wertes bei Kreisel[pumpen, Schweizer Ingenieur und Architekt 39/80.
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a) H(qy) curve

b) 7 (gy) curve

7 Measurement of rate of .flow

7.1 Generpl

The choice of the method for measuring the volume rate of
flow gy (see fable“1) 'depends on a number of factors of which
the following|may be cited:

c)_P\gy) curve

Figure 2 — Envelopes of the ellipses of total uncertainty for each measured point

Section two: Measurement methods

-,

Table 8 sets out the methods which may be envisaged for each
case, and the accuracy or systematic uncertainty that may be
expected when they are used in good measurenpent conditions
by experienced personnel and in accordance with existing Inter-
national Standards. In particular, the values of the uncertainty
given in this table imply that the flow is steady| and free from
disturbance produced by the pump. It must be emphasized
that the overall value of uncertainty for each case can

a) the value of the flow rate to be measured;

b) the type of test (on a model or on the full-size machine;
on a test platform or on site);

c) practical conditions of installation and layout of the
circuit;

d) the accuracy desired;

e) the cost of putting the method into operation and poss-
ible time out of action.

O : 'ods mentioned
vary considerably in accuracy, but they all have an estimated
uncertainty of less than 2 % (at a confidence level of 95 %). By
virtue of this and depending on test conditions, any one of
them may be envisaged for precision class tests.

Other methods which are not indicated in table 8 may also be
used subject to the following two conditions :

— their systematic measurement uncertainty shall be
determined and checked by periodic calibration using a
primary method;

— the resulting uncertainty shall be compatible with
table 7.
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Table 8 — Methods for flow rate measurement
Values as percentages
Systematic measuring uncertainty
B (at a confidence level of 95 %)
Measurement methods and standards Tests on full-size pumps
Laboratory model [—————  —— e
tests on test .
platform on site
Pri by weight (ISO 4185) +0,1t0 +0,3 +0,1to + 0,3 -

”"‘a’g volumetric (ISO 8316) +0,1t0 + 0.3 +01t0 0,3 + 05t 15
methods travelling screen (IEC Publication 193) + 01t *+ 0,3 +01t 03 -

. . . 1 oA E1RT md 1aA A00 - o - o o -
leferentlal pressur::; devices'' (ISO 5167 and ISO 2186) 4+ 03t + 05 + 0310 + Q5 + 05t + 1
Turbine flowmgter
Electromagneti flowmeter!) + 05t + 1 + 05t + 1 1| to + 15
Calibrated weir by a primary method + 05t + 15 + 05t £ 1,6 —

(1SO 1438/1, 190 3846,
1SO 4359, 1SO #1360) by a secondary method — — + 1| to + 2
Standardized otifice plate (ISO 5167 and 1SO 2186) +1 to+15 +1 tort 15 + 1] to + 15
Standardized venturi tube (ISO 2186) +1 to+2 + 1\ _to + 2 + 1] to +2
Veloci thod { by current meters (ISO 3354) — — + 1| to + 2
elocity area methods by Pitot tube (ISO 3966) +1 to+2 +1 to+2 +1|to+2
dilution — — + 1] tot2
Tracer methodg (ISO 2975 and I1SO 555/1 to 3) { transit time B B +1|t0+2

1) Calibrated by fa primary method.

7.2 Measurement by weighing
ISO 4185 specifigs two alternative methods:

the “'statjc weighing method’’ which consists of diver-
alternately inside and outside the weighing

a)
ting the flow
tank;

b)
is made “‘in fl
the tank.

the “dynamic weighing method”’, where the.weighing
ght”’, the flow being directed permanently into

The weighing method, which gives only“the value of the
average flow rate during the time taken to fill the weighing
tank, may be cor]sidered the mostdccurate method of flow rate
measurement.

It is affected by ferrors reldting to weighing, to measuring the
filling time, and fo the detérmination of the density taking into
account the temperaturé of the fluid. There may also be errors
in connection eithér-with diverting the flow (static method) or
with dynamic p i T
method). Furthermore, a buoyancy correction has to be made
to the readings of the weighing machine to take account of the
difference between the up-thrust exerted by the atmosphere
on the liquid being weighed and on the reference mass used
during the calibration of the weighing machine.

With high quality apparatus, the systematic uncertainty on the
measurement of the flow rate (at a confidence level of 95 %)
may be in the region of 0,1 t0 0,2 %.

It should be noted that the weighing method requires large
fixed installations which are only really practicable in a
laboratory and for relatively low flow rates (less than 1,5 m3/s
for instance).

18

7.3\ Volumetric method
For the description of this method, see ISO 8316.

The volumetric method approaches the accurficy of the
weighing method and similarly only supplies the yalue of the
average flow rate during the time it takes to fill the gauged
capacity.

The volumetric method is affected by errors reldting to the
calibration of the reservoir, the measurement of levels, the
measurement of filling time, and also by errors in|connection
either with diverting the flow (static method) or w(th dynamic
phenomena at the time of gauging (dynami¢ method).
Moreover, the watertightness of the reservoir shallbe checked
and a leakage correction made if necessary.

The calibration of the reservoir may be obtained b
the water level after successive volumes of water
either by weighing or by means of a gauged pipette

measuring
determined
are poured

With high quality apparatus, the estimated uncertainty (at a
confidence level of 95 %) may be in the region of 0,1 t0 0,3 %.
However, in its normal form as described above, the volumetric
method is subject to the same limitations as the weighing
method.

On the other hand, there exists a variant to the volumetric
method which can be used on site and for larger flow rates,
where a natural reservoir the volume of which has been deter-
mined by geometrical or topographical procedures can be used
as the gauged capacity (see IEC Publication 41). It must,
however, be emphasized that the accuracy of this method is
much less than that of the volumetric method used in the
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laboratory, notably on account of the inaccuracy in measuring
the reservoir, uncertainty about possible leaks or inflows, and
the difficulty of determining the levels and disturbances due to
atmospheric conditions. Depending on the particular cir-
cumstances (whether the reservoir is natural or artificial, the
capacity of the reservoir compared to the flow rate to be
measured, the stability of conditions over a relatively long
period of time, etc.) the systematic uncertainty of a flow rate
measured by this method may be estimated at 1 to 2 %.

ISO 5198 : 1987 (E)

on the flow rate (at a confidence level of 95 %) of 1 to 1,56 %,
for an orifice plate or an ISA 32 nozzle, and from 1 to 2 % for a
long-radius nozzle or a venturi tube.

If a departure is made from the standardized conditions, or if
greater accuracy is required, the differential pressure device
shall be calibrated in its particular conditions of use by means of
one of the primary methods described in 7.2 to 7.4. In good
measuring conditions, a systematic uncertainty (at a con-
fidence level of 95 %) of approximately 0,3 to 0,5 % can then
be obtained.

.

7.4 Travelling screen

A descriptidn of this method and the conditions for its use are
given in IEQ Publication 193.

Its principle] which is close to that of the volumetric method,
makes this g very accurate one, for it only requires the measure-
ment of thg dimensions of the channel, the level of the water
and the mo)ing time of the screen.

However, ap in 7.2 and 7.3, measurement by travelling screen
requires large and very carefully maintained apparatus, so that
it can only e used for laboratory tests or tests in the works on a
full-size pump platform. It is particularly well adapted to the lat-
ter type of test, as it enables relatively high flow rates to be ob-
tained (aroynd 3 m3/s, for example) with a systematic uncer-
tainty (at a [confidence level of 95 %) of about 0,2 to 0,3 %.

7.5 Diffdrential pressure devices

For the copstruction, installation and use of orifice(plates,
nozzles and venturi tubes, see ISO 5167; for specifications on
connecting [piping for the manometer, see ISO 2186. Different
types of stahdardized differential pressure devices are shown in
figure 3.

In particulgdr, attention should be (drawn to the minimum
straight lenfths to be adhered to ‘upstream of the differential
pressure dgvice; these are spécified in 1ISO 5167 for various
configuratigns of piping. If itis hecessary to place the differen-
tial pressurp device downstream of the pump (a case not
covered in SO 5167), the(pump may be considered to create a
disturbance] in the flow/equivalent to two elbows not in the
same plane| Howeéver, when working away from the operating
conditions ¢orresponding to the best efficiency of the pump,
the swirl of{the/flow produced by the pump can involve more

VWhen choosing between the various typep of differential
pressure devices, the following factors should be considered:

a) the greatest accuracy for uncalibrated ¢levices conform-
ing to the relevant InternationalStandards|is achieved with
orifice plates, the least withventuri tubes

b) head loss is much Jower for ventur{ tubes than for
orifice plates and nozzles (about five times|as low, given an
equal differential ‘pressure);

c) the straight lengths required are much smaller for
classical/venturi tubes than for orifice plaftes, nozzles and
venturinozzles;

db, building and positioning is much simgler for an orifice
plate than for a nozzle or a venturi tube — the latter requires
a large distance between flanges;

e) in the case of orifice plates, a significant error can arise
if buckling of the plate occurs due to the ex|stence of a large
differential pressure across the plate.

7.6 Weirs

The specifications for thin-plate weirs and mjeasuring flumes
are given in ISO 1438/1 and 1SO 4359 and those for various
types of broad-crested weirs in ISO 3846 and 1$0 4360. Figure 4
shows the different types of standardized structures
schematically.

However, even for rectangular thin-plate weirs, which are the
best known and the most stable, the uncerthinty which sur-
rounds the normalized discharge coefficient i$ not compatible
with the accuracy being sought in this Interngtional Standard.

On the other hand, if it is possible to calibra[e the weir in its

severe conditions. To overcome these it will be necessary to
install, downstream of the pump, a swirl remover or flow
straightener of one of the types given in ISO 5167, provided the
straight lengths specified in this International Standard
upstream and downstream of the straightener are complied
with.

It should also be noted that the diameter of the pipe and the
Reynolds number must fall within the ranges specified in the
International Standard for each type of device.

In these conditions, if there is no special calibration, using the
discharge coefficient indicated in the relevant International
Standards may be considered to give a systematic uncertainty

yuo;t;ull iR-the-exact-conditions-ofuse-sir e Hleat SenSitiVity to
velocity distribution in the approach channel exists and
periodically to check this calibration by means of one of the
primary methods described in 7.2 to 7.4, for laboratory or plat-
form tests a flow rate measurement with an estimated uncer-
tainty (at confidence level of 95 %) of about 0,5 to 1,5 % may
be attained. For on-site tests, calibrating the weir by means of
one of the methods described in 7.8 or 7.9 can lead to a
systematic uncertainty of 1 to 2 %.

To achieve this, however, great care must be taken to maintain
the weir in perfect condition; it may be noted that it is easier to
conserve and check the sharpness of the edge of a thin-plate
weir than the roughness of the sill and walls of a broad-crested
weir or a measuring flume.
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Orifice plate
{with corner taps, D and D/2 taps,

or flange taps)

% ™

%

Nozzle

o

(long radius or "“ISA 32")

Classical

Venturi tube

| —,
|
|
|
|

Venturi nozzle
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—————— N
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Figure 3 — Different types of standardized differential pressure devices (see ISO 5167)
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7.7 Turbine meters and electromagnetic
flowmeters"

Though quite different in conception, these two types of
flowmeter have many points in common with regard to prac-
tical conditions of use.

In no circumstances should they be used unless calibrated
beforehand by means of one of the primary methods described
in 7.2 to 7.4. Although these devices do not require very long
upstream straight pipe lengths, in general it is desirable that the
conditions of callbratlon should reproduce the circuit con-
figuration in

1ISO 5198 : 1987 (E)

Where the plant comprises a sufficiently long artificial open
channel, the discharge may be measured by the velocity area
method using current meters in this channel (see IEC Publica-
tion 198).

7.9 Tracer methods

The various parts of ISO 2975 apply to the measurement of the
flow rate in pipes, by both the dilution method (constant rate
injection) and the transit time method (also called the salt
velocity method) ; each method uses either radioactive or non-
radloactlve tracers. Furthermore ISO 555/ 1 to 3 specifies dilu-
onen channels.

manently on §
on their calib
tions, a flow

test platform, the possibility of a perlodlc check
tion must be taken into account. In these condi-
ate may be obtained with a systematic uncertain-

These methods have the advantage of being’'u
wide range of flow rates, and some'of the

ble for a very
only require

ty (at a confifdence level of 95 %) of about 0,3 to 0,5 % for
turbine flowineters and 0,5 to 1 % for electromagnetic
flowmeters.

minimal interference with the pipe. Thellength required in some
cases to ensure adequate mixing of the solution|injected can in
practice be reduced on the one‘hand by injecting into the suc-

NOTE — The f

hct that these flowmeters send an electric signal direct

makes their integration into an automatic measuring system particu-

larly easy.

7.8 VeIocIy area methods

ISO 3354 a

measurementp

d ISO 3966 specify methods for discharge
in closed conduits by means of current meters

and Pitot tubes respectively. They give all the specifications

considered n

bcessary concerning conditions for application,

choice and operation of the apparatus, the measurement of
point velocitids and the calculation of the flow rate by graphical

or numerical

ntegration of the velocity distribution.

In the most favourable measuring conditions, the systematic
uncertainty irf the measurement of the flow rate (at confidence

level of 95 %
The main dis

a) they
regular ve

b) with
diameter

c) itisr
result the

On the other

is 1t02 %.
dvantages of these methods afe‘that

equire fairly long straight\lengths to ensure a
ocity distribution;

current meters, they~can only be used in large
ipes;

hther difficult to put them into operation; as a
nstallation may not be available for several days.

hard, the velocity integration method is often the

tion pipe of the pump which is then used as a
other hand by increasing“in)each section the n
tion positions and sampling or measuring posit

ixer or on the
mber of injec-
ons.

These methods,should only be used by trained gtaff and it may

be noted that'the/use of radioactive tracers is su
constraints;

It may;be considered that the systematic unc

bject to certain

ertainty in the

determination of the flow rate (at a confidence Igvel 95 %) with

thesé methods is from 1 to 2 %.

8 Measurement of head
8.1 General

8.1.1 Principles of measurement

8.1.1.1 Total head and specific hydraulic ener

Although expressed as a height of pumped liqu
pump total head, H, calculated in accordance w
given in table 1, represents in actual fact the ene
by the pump per unit weight of liquid.

This concept of specific energy may replace th
and its use is to be recommended, since fo

gy

id column, the
ith its definition
gy transmitted

e one of head
r instance the

column of liquid representing the total head is |

only one tha

can be applied when testing pumps with large

hot exactly the

flow rates.

Among precautions to be taken, it should be particularly en-
sured that the support of the current meters or Pitot tubes does
not create excessive obstruction in the pipe.

Furthermore, except in very long pipe installations, it is
preferable that the measuring section should be placed
upstream of the pump in order to avoid too much turbulence or
swirling flow.

1) These will form the subject of a future International Standard.

difference in height that may be read at a liquid column (sup-
posing no difference in elevation or available kinetic energy
between inlet and outlet). This discrepancy is due to liquid
compressibility and atmospheric pressure related to elevation.

8.1.1.2 Effect of liquid compressibility on total head evaluation
Total head is in fact the maximum amount of mechanical

energy per unit weight that may be released in bringing the
liguid from its actual conditions to reference conditions.
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Rectangular —
full-width weir

Thin-plate weirs
P Rectangular notch —_

(see ISO 1438/1

L—
Triangular notch ?

g v
Rectangular profile
weir with sharp ) \
upstream. 'edge

Broad-crested weirs
(see ISO 3846)

Rectangular profile t\\
weir with rounded P ) I

upstream edge

Triangular profilg weir (see 1SO4360) _::—\__/—/—“

Standing wave flume (with rectangular, trapezoidal or U-throat) _ B B -
(see 1SO 4359) - h

L AESINSNS .

NOTE — The accuracy required in this International Standard can only be achieved if the discharge coefficient of such devices is determined by
individual on-site calibration; thus it is not permitted to use the values of coefficients as they are given in the relevant International Standards.

Figure 4 — Different types of standardized weirs and flumes
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Reference conditions are generally sea level and standard
atmospheric pressure, but within the frame of a test where only
differences in energy level are of concern, other reference con-
ditions may be chosen, for example floor elevation and at-

mosbpheric nressure at the time of test
mospheric pr the time ot

TSSuit al WSt

For liquid at elevation z; at the pressure p,;, with velocity U; and
g being constant, the correct evaluation of total head is given

by the equati

Uy uiC SYQua

Tola
L1018 I

1ISO 5198 : 1987 (E)

Direct evaluation of pump total head is recommended
where compressibility cannot be disregarded, due to the
following

This calculation requires analytic expression of the state func-
tion v = f(p). However, if linearization is possible, the following

1 (Peidp U2 will be valid :
H;=z+— 5 ry Qai 2
& 7 1 P dp  2(pe — per)
This integration is to he evaated for an isentropic process ‘gT .!p Z = o, F 078
Tables and formulae may be found giving the value of this el 2 !
integral for water. where

[ o P T I,
Qernerdily Sp

Eaking, o varies with pressure and temperature,

therefore evaluation is not straightforward. However, pressure

dependence
H,‘ = Z,' +

This approx
15 MPa'. T
plementary

Qi = Qo

It is the resy

is low and nearly linear and one may write

N

2 pei Ui
—  tay
lo; + 0o)g 2

mation holds for water up to 40 °C and up to

e definition of total head given table 1 is a com-
implification based on the assumption that

onsibility of the chief of tests to decide whether

compressibillty may be fully neglected in relation to the accep-

table uncert

inty allowed by each specific tests.

©1 is unit mass of fluid at p,-and 6,;

@2 is unit mass of fluid atp), and 6.

NOTE — The temperatureLat, the end of the revgrsible process is
slightly different from 64. The error due to neglectihg this difference
does not exceed 0,1 %" on efficiency when the prepsure is less than
150 bar and the tefmperature is less than 250 °C (se¢ 11.2).

8.1.1.3 Auvailable velocity head

The velocity head prevailing in a measuring seftion cannot be
fully"converted into total head. This is especially the case at the
pump outlet [see section (2) of figure 5].

(2) (3)
|
‘ Iu‘ Total head line
| l T ——— T
N
Nl O Bm 1\\
Ol o |
ARSI
B‘r\'o o~ o TTTee——
o T — —_— |
SN 1 e
Qo —_————— o _____—_._.__.._—‘+\~~
! y <Sls
“ Static head line
Sy ISy
+
N’
Figure 5 — Determination of available velocity head
1) 1 MPa = 10 bar
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In section (3) of figure 5, further downstream, part of the
velocity head remains as such, part is converted into a pressure
increase Ap and the remainder is dissipated as friction within
the flow.

This friction is due to velocity rearrangement and is definitely
unavailable to the user. Available velocity head is then given by
the equation

U22 g U32 U22

Oy —— = +a3—+HJ2:a2————HF
22  og 2% 2%

Some requirements concerning the definition of the measuring
sections in various types of installations and a method of
estimating the head losses are given in 8.2.

8.1.2 Various methods of measurement

Depending on the installation conditions of the pump and on
the layout of the circuit, the pump total head may be deter-
mined either by measuring the inlet and outlet total heads
separately, or by measuring the differential pressure between
inlet and outlet and adding the differences in velocity head, if

where H is the fliction loss caused by velocity rearrangement.

, 04y shall be evaluated from the static head

measurements in successive sections, as
shown in figure 5| Where this is not possible it may be assumed
that a,; = «, and its value may be evaluated from the deter-
mination of the vglocity distribution in section (2) (see 8.2.4.2).

8.1.1.4 Loss of |head between inlet or outlet sections
and measuring sgctions

The various quarjtities specified in the definition of head (see
table 1) should ap a rule be determined in the inlet section S,
and the outlet se¢tion S, of the pump (or of the pump set and
fittings which are the subject of the tests); practically, for
reasons of convgnience and of measurement accuracy, the
measurements afe generally carried out in cross-sections S
and S5 some way upstream from S; and downstream from S,
(see figure 6). Tlhus, account shall be taken of the friction
losses in the pipe, i.e. Hj; between S} and S; and H,
between S, and $5 (and possibly for the local head losses), and
the pump total hgad is given by the equation

H=H,-H,+ Hj;+ Hy,

where H') and H}, are the total head at S} and_S5.

Hy~ X

i Total
head line

appheable—taking—into—account—potential—head—and density

variations due to the measuring system.

Total heads may also be deduced either” from pressure
measurements in conduits or from water-level measfirements in
basins.

The selection of the measuring(section, the various measuring
devices which can be used and’the determination of the veloci-
ty head for each of these‘cases are dealt with in 83 and 8.4.

8.1.3 Uncertainty.of measurement

The uncertainty’ of the pump total head measuremgnt shall be
obtained by ‘combining the estimated uncertaintips of each
term of{Wwhich it is composed; thus the manner of fonducting
this_'calculation depends on the methods of measurement
used" separate measurements of the inlet and outlet total head
or differential measurement between the pump ends, pressure
or water level measurement and type of apparatus. It is
therefore possible to give only general information on the
various errors involved.

8.1.3.1 Errors in potential energy values

The elevations, referred to an arbitrary reference plane, of the
central point of the measuring sections as well as those of the
zero or the reference point of the various sets of mepsuring ap-
paratus are given by surveying processes which ane generally
very accurate. The uncertainty of these componefts may be
regarded as negligible compared to other sources qf error.

8.1.3.2 Errors in kinetic energy values

These are dependant on the one hand on the uncertginty in the

Qsz S,

1
Si S
Figure 6 — Determination of pump total head
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mean velocity in the measuring sections, and thus of the deter-
mination of the cross-sectional areas and principally on the
method of flow rate measurement used; and on the other hand
on the uncertainty in the evaluation of the velocity head coeffi-
cient a,, which is a function of the flow conditions (see 8.2.4).
These errors may become more significant in pumps generating
a low total head.

8.1.3.3 Errors in water level measurements
Apart from the errors which can be due to the unsteadiness and

to slope of the water level, errors in water level measurements
are dependent principally on the measuring apparatus used.
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For guidance only, a rough estimate of the uncertainties due to
the apparatus (see 8.3.2) may be taken as follows :

— staff gauges, plate gauges: + 10t020 mm;
— float gauges, bubbler apparatus: * 5 to 10 mm;

— liquid manometers, point or hook
gauges:

-+

1 to 3 mm.

8.1.3.4 Errors in pressure measurements

If every precaution related to pressure tappings and connecting

ISO 5198 : 1987 (E)

(see 8.3.1) so as to minimize these influences. Due allowance
shall be made for the velocity head at the measuring location (if
it is not negligible compared to the pump total head) and for the
pressure acting on the surface (generally the atmospheric

pressure).

8.2.1.2 Outlet measuring section

If the pipe into which the pump discharges is not considered as
part of the pump, the outlet measuring section shall be
established, if the practical conditions allow, in this pipework at

PR T calaa IIA_._

a distance of at ieast Z diameters from the pump outiet Tiange

pipes has bedn taken, and if the measurements are not falsified
by undue pressure fluctuations, the following estimates of
systematic ufcertainties due to the apparatus (see 8.4.2) may
be used for dquidance :

— liguid manometers: + 0,2to1 %;

— dead}jweight manometers,

presqure weighbeams: + 0,06t00,5 %;
05to1 %;

0,2to 1 %.

I+

— spring pressure gauges:

H+

— presgure transducers:

In a straight parallél section.

Errors may arise in the case of asymmiéetric gr
arich o FI

SuCii a

N +ha mangiirina aantinn -«

conditions in the llanDulills SECUoN,;
tion is a reflection of the inadequaeyof ‘the pun
the flow after it passes out of thé.mpeller into

r swirling flow
bw maldistribu-

hp to straighten
he casing. This

is often inevitable at flow rates other than that for which the

pump was designed, especially for pumps of hig
It may be possible to exténd the flow range o
measurement is possible within the accuracy re
sion class tests by establishing the measuring

h type number.
ver which head
huired for preci-
section further

downstream and\making allowance for the headl losses H ;, be-

tween the outlet’flange and the measuring se
according.to 8.2.5. In order to ensure that the

Ction calculated
elocity distribu-

tion is satisfactory or to assess the kinetic energy coefficient to

8.2 Defin

jtion of the measuring sections

8.2.1 Gendral case of a pump tested alone

In most case
performance]
stream fittin
8.2.3), to me
the inlet and
and 8.2.1.2.

8.2.1.1 Inl¢g

If the pipe ¢
considered
shall be es
pipework at
diameters fr.
tion in whicH
specified in
example if a
layout of th

5, the purpose of the tests is to check the hydraulic
of the pump, without any upstream or down-
hs; thus it is desirable, as far as possible (see
asure the pump total head as close as possible to
outlet flanges of the pump as described-in8.2.1.1

t measuring section

bnnecting the pump to theé source of supply is not

3s part of the pump, .thejinlet measuring section

ablished, if practi¢ak conditions allow, in this

a distance preferably equal to at least two
m the pump inlet-flange, in a straight parallel sec-
the flow conditions are as nearly as possible those
5.2.1. Errors,may arise if such is not the case, for
bre-swirlof the flow occurs at partial loads or if the
b cifcuit induces an asymmetrical or swirling flow

pattern. In

uch) circumstances, an investigation of the flow

be applied, an investigation of the flow condi
loads-may be necessary according to 8.2.4.

tions at various

For pumps which discharge directly into a free qurface reservoir

through pipework which may be considered
pump, the outlet total head is obtained fr

as part of the
bm water level

measurement in the reservoir; the same remartks as in 8.2.1.1

shall then apply.

8.2.2 Pump tested with fittings

If the tests are on the combination of the pum
or part of its upstream and downstream con
these being considered an integral part of the p
sions of 8.2.1 apply to the inlet and outlet flang
instead of the inlet and outlet flanges of the
cedure debits against the pump all head losse;
fittings.

8.2.3 Pump with inaccessible ends

If it is impossible to gain access either to the i

b and the whole
hecting fittings,
ump, the provi-
bs of the fittings
ump. This pro-
5 caused by the

inlet or outlet of

the pump _or to bath sides (this case occurs particularly where

conditions may be necessary according to 8.Z.4.Z.

However, in some cases, it may be advisable to measure the
inlet total head either in the suction pipe at some distance from
the inlet flange or even in the free level reservoir from which the
pump is supplied. In both cases, it is necessary to take into ac-
count the head losses H j; between the measuring section and
the inlet flange, calculating them according to 8.2.5.

When the head is obtained by water level measurement, errors
may arise if the free surface is unsteady (for example if surging
or waves exist), or if there are locally high velocities, or if vor-
tices occur near the pump intake; the location of measurement
shall be selected and appropriate arrangements shall be used

the tests are carried out on site), the measuring sections shall
be located under the best local conditions; it shall be arranged
by mutual agreement

— whether the tests will apply to the combination of the
pump and of the part of the circuit included between the
measuring cross-sections, in which case the requirements
of 7.2.2 apply;

— or whether the pump total head shall be deduced from
the total heads as evaluated at the measuring cross-sections
by adding the head losses H; and Hj; on both sides of
the pump, these losses being calculated in accordance
with 8.2.5.
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a)

Reference plane

b)

Figure 7 — Examples of total head determination by water level measurements
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b) Cylindrical probe
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Figure 8 — Examples of yaw probes

a) Wedge-shaped probe
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8.2.4 Choice of the measuring sections and effect
of flow conditions

8.2.4.1 Choice of the measuring sections

Special attention shall be given to the location of water level or
_pressure-measuring sections. In pump installations, where the
pressure distribution and the velocity distribution at the inlet
and outlet of the pump are such that the calculation of the
pressure head and the velocity head from the mean values
measured in these sections would result in a significant error in
the determination of the pump total head, other measuring sec-
tions further upstream or downstream shall be used (see 8.1.1).

The investigation of the velocity distribution should comprise
the determination of the direction and magnitude of the local
velocity at a number of points along at least two diameters
at right angles in the plane of the measuring cross-section.
This may be accomplished in a number of ways using probes.
Figure 8 shows an example of such a probe. For more details,
see ISO 7194.

Large and varying indicated yaw angles measured across the
pipe diameter show the presence of three-dimensional flow and
the probability of non-uniform pressure as well as velocity
distribution; in these conditions, the measuring section is un-

For pressure mgasurements in a pipe, the measuring section
should be arranded in a straight pipe section of constant cross-
section extending five diameters upstream and two diameters
downstream frgm the inlet measuring section and two
diameters upstrgam and one diameter downstream from the
outlet measuring section. If the available straight length is not
sufficient (for example in the case of a rather short inlet
bellmouth), this|length should be divided between upstream
and downstrean] parts of the measuring section so as to take
the best possibld advantage of the actual conditions (for exam-
ple in the ratio ¢f 2 to 1 approximately). Sections where the
velocity pattern |s seriously distorted by an elbow, valve, any
other flow distufbance or by the vicinity of the pump itself
should be avoidgd.

For water level
be selected so t

easurements, the measuring location should
at

— either the velocities in the measurement area of the
reservoir are|very small, and thus the velocity head is
negligible [sep figure 7 a)l;

— or the crloss-sectional area used to calculate the.velo-
city head is spifficiently well defined and readily measurable
[see figure 7 p)].

8.2.4.2 Investidation of the velocity distribution

When the inlet jor outlet total head is~obtained by pressure
measurements ir| conduits, it is generally-dnnecessary to deter-
mine the velocity distribution acress.the measuring section.
This is particularly the case where évidence of satisfactory con-
ditions may be ¢onsidered as-established, either by previous
tests carried out|in the same)test rig or if a straight length of
conduit is used, [sufficient-to create a fully developed velocity
distribution, proVided the pump itself does not induce a pre-
swirl in the suctipmpipe.

YT
Stit T

A measuring section where probing has been-carriefl out will be
considered as satisfactory if :

— at no measurement point the.velocity directjon deviates
by more than 10° from the axis-of the pipe,

— at no measurement(paint the value of th¢ velocity is
higher than twice thewalue of the mean velocity,

— the pressuregs¢measured at the various piessure tap-
pings in the measuring section are satisfactorfly balanced
(see 8.4.1.4).

8.2.4.3 (Effect of pre-swirl induced by the pump

Errars in the determination of the inlet total head can occur if at
part load the pump induces a pre-swirl of the flow inf the suction
pipe; figure 9 illustrates such a case. These erfors can be
detected and corrected on the following basis.

q
Gauge used for the 11
determination of H,

4 120

|

Nevertheless, if such evidence does not exist and if the ratio of
the velocity head to the pump total head is more than 0,02, an
investigation of the velocity distribution in the manner here
described shall then be necessary in order to ensure that the
selected measuring section is suitable to accommodate
measurements and also in order to allow an evaluation of the
available velocity head coefficient, «,.

In case of doubt, for example where the outlet measuring sec-
tion is not very far from the outlet flange of the pump, checking
the pressure distribution over the measuring section by using
four pressure tappings (see 8.4.1.1 and 8.4.1.4) may be useful
for deciding if an investigation of the velocity distribution shall
be carried out.

28

Figure 9 — Example of installation with pre-swirl

If the pump draws from a free surface reservoir where the
water level and the pressure acting on it are constant, the head
losses between this reservoir and the inlet measuring section
follow, in the absence of pre-swirl, a quadratic law with rate
of flow and therefore the same holds true in respect of the
inlet total head, H; = H} — H (see figure 10). With higher
rates of flow, measuring points ranged along a straight line,
Hy=A4 - Bqlz/, will be obtained; however, with lower rates of
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Onset of pre-swirl

earance of pre-swirl will result in errors both in
basurement and in velocity head evaluation,
heasurements deviating from this straight line.

bed to adopt as the value of the inlet total head the
h the interpolation of the straight line obtained at
ates. This value is not the true value, free from
easurement of the total head existing, in\‘the
pre-swirl, but it is the value which would\exist if

pre-swirl were not to occur. This procedure may be justified by

the fact that
vided by the

If the pump
another mea3

the energy in the form of pre-swirlis indeed pro-
pump to which it is thus logicalte attribute it.

does not draw from a constant head reservoir,
suring section shall be ‘selected sufficiently far

upstream where the pre-swirl is known to be absent and it is

then possibl
between the
head).

8.2.5 Head

As stated in

b to use the same-réasoning for the head losses
two sections {but'\not directly about the inlet total

losses ‘at inlet and outlet

B(1-,"it may be necessary to add to the measured

pump total H
head losses

Figure 10 — Correction of measured inlet total head

S

D
ifRe < 23 7 (smooth pipe) :

2,51
Re~/A

A712 = — 2logy,

) D D .
if 23 7 < Re < 560 —k— (transition zone) :

N 2,51 k
1712 = = 2logyg| ——= + ——
Re</2 37D

D
if Re > 560 ; (rough pipe) :

k
A~Y2 = — 2logg——
9103’7D

where
UD
Re = —;

Y

ead-the-friction-head-Hosses-and-possibly-the-oest
oty creotcar

between the measuring sections and the pump

flanges. Nevertheless, such a correction may be neglected if

H;, + Hp, <0,0015H

If the pipe between the measuring sections and the pump
flanges is free from any fitting and of uniform circular cross-

section, the friction head losses in a piece of pipe having a
length / and a diameter D are given by the equation
[ U2
HJ = /1 ey
D2g

where 1 is given in turbulent flow by one of the following equa-

tions

k is the equivalent uniform roughness.

Annex E gives guidance on how to check whether a correction
needs to be made and on how to calculate this correction if
necessary.

For the friction head losses in pipes other than those of uniform
circular cross-section and for the local head losses due to any
irregularity in the pipe (bend, branch, valve, etc.), the correc-
tion to be applied shall be the subject of mutual agreement
before the tests. Nevertheless, by reason of the poor accuracy
with which such head losses are known, it is desirable that no
irregularity exists in the measuring range.
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8.3 Water level measurement

8.3.1 Arrangement of the measuring section

At the measuring site, the flow shall be steady and there shall
be no local disturbances. If the free water surface is disturbed
by small waves or swell it may be necessary, depending on the
type of measuring device used, to provide a stilling well or a
stilling box. This may be, for example, a well in the wall of the
conduit in communication with the flow through a connecting
pipe leading to the conduit through a perforated plate flush
to the wall, or else a vertlcal pipe |mmersed in the flow the
bottom of whic . e
the plate shall be|small enough (about 3 to 5 mm in dlameter) to
damp the pressure fluctuations.

It is advisable t¢ use at least two measuring points in each
cross-section.

8.3.2 Measuring apparatus

Various types of water level measuring apparatus may be used,
according to the|circumstances (free surface accessible or not,
steady or disturbed, etc.) and to the required accuracy in
regard of the pump total head. The most commonly used
devices are:

a) vertical or inclined gauges, fixed along a wall;

b) point or [hook gauges, for which a stilling well and a
supporting frame set close above the free surface are essen-
tial;

c) plate galiges, consisting of a horizontal metal disg
suspended frobm a graduated steel-ribbon tape;

d) float gaupes, which must be used in a stilling .well;

e) liquid mahometers in absolute or differential form, as
described in §.4.2.1;

f) bubbler apparatus, using a purge-of-compressed air;
g) immersed pressure transdueers!

The three last types are particularly suitable where the free sur-
face is inaccessible.

See I1SO 4373 for a deseription of these types of apparatus.

However, if it has been established that the flow conditions are
favourable (see 8.2.4.2), or if the velocity head does not exceed
1% of the pump total head, only two tappings located
diametrically opposite may be used by mutual agreement.

8.4.1.2 Shape and size of pressure tappings

The cylindrical bore of the pressure tapping opening in the
conduit boundary should have a diameter between 3 and 6 mm
or equal to 0,08 D, whichever is the smaller, and should have
a minimum length of 2,6 tlmes its diameter (figure 11). The

] gularities, anp normal to
the inner wall of the pipe; it shall be rounded;off|by a radius
r < d/4 or at least a small chamfer.

The surface of the pipe shall be smoeth in the viginity of the
tappings for a length at least equal te the smaller df these two
values :

— 400 mm or 2D upstream
— 150 mm or 1D downstream

The tappings shall“\be located as far as possible from any ir-
regularity of the pipe, such as welded joint.

The material'of the pipe shall be resistant to abrasioh, corrosion
or chemical reaction with the liquid being pumped;|failing this,
a metal'plate which is unaffected by the liquid shall pe fastened
in>the wall, flush with it, through which the tappjng shall be
drilled (figure 12).

8.4.1.3 Connecting pipes and damping devices

Connecting pipes leading from each pressure tappjng shall be
at least equal in bore to the bore of the tapping.

The pressure tappings of each measuring section shall be con-
nected through individual shut-off valves to a ring nanifold of
cross-sectional area not less than the sum of [the cross-
sectional areas of the tappings, so that the pressufe from any
tapping may be measured if required (figure 13).

Any high point in the line of the connecting pipes sHall be fitted
with a purging valve to avoid trapping of air bubbles during
measurements. Piping shall be carefully checked t avoid any
leak, no matter how small. Whenever possible, it is recom-
mended that transparent tubing in plastic material be used.

8.4 Pressure measurements
8.4.1 Arrangement of the measuring section
8.4.1.1 Number and location of pressure tappings

As a rule four static pressure tappings at the wall shall be pro-
vided at each measuring section. In circular pipes, they shall be
located on two diameters at right angles to each other; the tap-
pings should not be located at or near the highest nor the
lowest point of the cross-section in order to avoid air pockets or
dirt accumulation in the pressure connections. In rectangular
pipes, the tappings shall be located at the quarter and three-
quarter points of the vertical walls.

30

I1SO 2186 gives detailed indications as to the connecting pipes.

Where it is necessary to reduce the amplitude of oscillations,
damping devices may be inserted into measuring instruments
or their connecting lines. In order not to falsify the time mean
of the fluctuating pressure, it is necessary that the damping
be symmetrical and linear; this can be achieved by means of
a capillary tube located in the manometer liquid. Bending or
pinching the flexible connecting pipes or inserting any asym-
metrical nozzle, needle valve, gate valve, etc., shall be ab-
solutely forbidden. Moreover, in the case of a differential
manometer, it may be necessary to balance the damping of the
two circuits. Additional information on how to deploy and
check damping devices is given in 1ISO 3966.
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d = 3to 6 mm, or 0,08 D
!l >25d

Thick wall r<d/a
Thin wall
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Figure 11 — Examples of pressure tappings in metallic wall
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Figure 12 — _Example of pressure tapping in concrete wall

w

Figure 13 — Pressure tappings connected through ring main to pressure gauge:
a) purging; b) pressure gauge; c) drainage.

: 1987 (E)
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8.4.1.4 Checking of pressure measurements

Whenever possible, pressure readings shall be checked before
and after the tests by comparison with headwater elevation
under static conditions in the conduit.

In normal operation, the difference between the pressure
measured at any one tapping and the average of the pressures
measured at all tappings of the measuring section shall not
exceed 0,5 % of the pump total head nor half the velocity head
in the section. When the pressure tappings are used for NPSH
measurements, this difference shall not exceed 1 % of the
NPSH value nor half the \/nlnr‘if\,/ head

use whether in its simple or in its differential form. However, it
can only be used beyond a minimum pressure corresponding to
the weight of the rotating assembly.

The effective diameter d,, of the simple type manometer can be
taken as equal to the arithmetic mean of the piston diameter dp,
measured directly, and of the cylinder diameter d_; it can then
be used for calculating pressures without further calibration if
the following condition is satisfied before testing :

dC_d"<0,1%

d, + d,

If any pressure tapping appears to be in error, and if this cannot

be attributed to t
discrepancy shal
possible, the tap

he flow pattern (see 8.2.4.2), the source of the
be determined and removed; if this is not
bing concerned shall be eliminated.

8.4.2 Measuring apparatus

8.4.2.1 Liquid g

Liquid column m
low pressures. U

on the manomet

olumn manometers

hnometers are used to measure comparatively
hder these conditions, compressibility effects
br liquids are small and can be ignored. The

length of the liqyid column may be modified by providing an

inclined manome

suitable density i
liquids are water
such as ethyl t

ter or by using one manometric liquid with
h place of another; the most commonly used
and mercury, but others may also be used
trabromide (C,H,Br,), carbon tetrachloride

(CCly), diiodomdthane (CH,l,), some metallic bromides or

iodides, etc. If

ssible, the use of liquid columns less than

100 mm high shdll be avoided; if this is impossible, attention
shall be specially|drawn to the errors of measurement.

In order to minimize capillarity effects, the bore-of the
manometer tube$ shall be at least 8 mm for mereury gauges

and 12 mm for
of the liquid in th
tubes shall be ma
face tension.

The design of thd
are minimized.

Liquid column 1
closed with the §
pressed to the ar
to be read on thg

ater and other liquid gauges. The) cleanliness
e manometer and of the internal)surface of the
ntained to avoid errors dye torvariation of sur-

manometer shallbe such that parallax errors

hanometers./may be either open-ended, or
ir in_the circuit connecting both limbs com-
hount required to permit the differential head
scales, or formed by a U-tube filled with the

Friction between the piston and cylinder may._bel practically
eliminated by rotating the piston at a spéed-not less than
30 r/min.

It is desirable to check the dead-weight manpometer by
comparison with a liquid column manometer to defermine the
effective piston diameter in a.pressure range to be|as wide as
possible.

Similar principles apply- to the differential type weight
manometer. For the'measurement of variable pressjres it may
be advantageous(to use a weight manometer mounted in series
with a liquid €elumn manometer (see figure 16) qr a special
weight mariomieter incorporating a liquid column manometer.

8.4.2.3"-'Pressure weighbeam

An’extension of the dead-weight manometer is the pressure
weighbeam, which comprises a weighbeam mounted on fric-
tionless pivots and bearing on a weight manometerl The force
exerted on the piston of the weight manometer is bajanced by a
jockey weight moving along the weighbeam (see [figure 17).
The operation of the weighbeam and jockey weidht may be
manual or automatic by means of a servo-motor and a screw.
The sensitivity, repeatability and accuracy of such a flevice shall
be checked against a manometer without a servg-balancing
system wherever possible.

8.4.2.4 Spring pressure gauges

This type of gauge uses the mechanical deflection ¢f a loop of
tube, plain or spiral (Bourdon dial gauge) or a membprane to in-
dicate pressure.

For precision class tests, it may ke used, by mutual agreement,
provided:

manometric liquid. In the first case, pressures are measured
from a fixed reference plane and above the surrounding
atmospheric pressure which is taken as constant. The two last
types allow the pump total head to be obtained from a single
differential measurement.

The use of some typical liquid column manometers is shown

diagrammatically in figures 14 and 15, to which reference
should be made for the calculation equations.

8.4.2.2 Dead-weight manometers

For pressures exceeding the possibilities of the liquid column
manometer, a dead-weight or piston manometer is of practical

32

a) the gauge is of the highest precision;

b) it is used within its optimum measuring range (usually
from 60 to 100 % of its full scale);

c) the interval between two consecutive scale graduations
corresponds to not more than 2 % of the pump total head.

The gauge shall be calibrated against standards before and
after the tests.

Figure 18 shows diagrammatically the use of such gauges and
the corresponding calculation formulae.
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(see 8.2.1.2

> 2 pipe diameters
(see 8.2.1.1)

Air vent

Réference plane (centreline
of, shaft, in the case of
a horizontal pump)

Possible residue
of pumped liquid

9M1
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9
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a) Pump inlet under vacuum

> 2 pipe
diameters
(see 8.2.1.1)

Y o U
H1=-ﬁ(z12—z )+ ;1 ! + 211
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X (/
U1 (% & “'
& bl
Position of '\T < = Tube containing air
reference plane
Tube containing
pumped liquid
MM Tube containing
manometric liquid

\LQ The drawings show the principles,
. M1 but not full technical details
b) Pump inlet under pressure

Figure 14 — Test of a centrifugal pump by means of liquid column gauges

33


https://standardsiso.com/api/?name=c4fc122c21a0a9a7a26fb803e19ff23a

1ISO 5198 : 1987 (E)

AH

o Y1 | | J

91 —Qa

- 2
H=— X2 UZZ'O‘?” U12 H = o4 a2 Ug‘ a1 Uy
T

H
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a) Air-water diff¢rential manometer b) Mercury differentfal manometer

The drawings show the principles but not.full technical details.

These equations gre valid only if 0,75 "“05 which can never be assumed for precision class tests.

Figure 15 — Direct measurement of pump total head
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n d?
d. +d

with d = — 5 £

Figure 16 — Dead-weight manometer with stabilization by differential pressure measurement

(transducer or liquid manometer)
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Figure 17 — Pressure weighbeam
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Reference plane of

Atmospheric
the manometer

b)

Pre:

Pressure > 2 pipe

reading p,

Pump inlet under vacuum

sure reading p; > 0

c)

(see 8.2.1.1)

Air vent

> 2 pipe diameters
(see 8.2.1.2)

diameters

‘\/'
Reference plane (centreline of shaft,

in the casg€ of a horizontal pump)

> 2 pipe diameters
(see 8.2.1.1)

H1 -1 +Z+
0,9

2
oy Uy
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Pump inlet under pressure

= Tube containing air

Tube containing pumped
liquid

The drawings show the principles
but not full technical details.

Figure 18 — Test of a centrifugal pump by means of a Bourdon gauge
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8.4.2.5 Other types of manometers

There is a wide diversity of pressure transducers, absolute or
differential, based upon the variation of various mechanical
and/or electrical properties. They may be used by mutual
agreement provided the required accuracy, repeatability and
reliability are achieved, the transducer is used within its
optimum measuring range and the transducer together with its
electronic equipment are calibrated before and after the test
against pressure standards of adequate accuracy.

Other methods which are not listed may also be used subject to
the following two conditions :

the gear are determined by the calorimetric method applied to
the cooling liquids of the gear unless otherwise agreed.

10.2 Indirect method

Since the motor coupled to the pump acts not only as a driving
machine but as a device for measuring power, the losses
should be determined accurately under the conditions of load,
voltage, power factor, speed, temperature, etc., of the pump
test. These losses may then be different from those obtained
under standardized conditions for the measurement of the
losses of the electric motors.

— their sygtematic uncertainty shall be determined and
checked by periodic calibration using a primary method;

— the max|mum resulting uncertainty shall be compatible
with table 7.

9 Measurement of speed of rotation

As far as possiple the speed of rotation shall be measured
directly by counfing the number of revolutions during a known
time interval with a tachometric dynamo or alternator, or an op-
tical or magneti¢ counter linked to a frequency meter. In the
case of an a.c.|motor-driven pump, if the speed cannot be
measured direcfly, it can be determined by measuring the
mains frequency| and the slip of the motor, for example with a
stroboscope or @n induction coil.

The uncertainty pf measurement of the speed obtained with an
electronic countgr or any other device with an equivalent preci-
sion class is gerferally about + 0,05 % to + 0,2 %.

10 Measur¢ment of power input

10.1 Genera

The pump powgr input, P (see table 1), shall\be measured by
one of the following methods:

a) indirectly], by subtracting theyvarious electrical and
mechanical Igsses from the measured electrical power input
to the driving motor;

b) directly b
pump shaft.
driver.

determination of the speed and torque at the
his method can be applied to any form of

The accuracy regut elass—testing . 3
the tests shall be carried out according to laboratory methods
by suitably qualified personnel who fully understand the test re-
quirements.

The measuring apparatus and test procedure shall be such that
the accuracies required for precision class tests are achieved. It
must be realized, however, that normal facilities on a manufac-
turer’s test bed are unlikely to be satisfactory for this class of
test.

Where the power input to an electric motor coupled to an in-
termediate gear, or the speed of rotation and torque measured
by a dynamometer between gear and motor are used as a
means for determining the pump power input, the losses due to
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The losses of an electric motor shall only be, determined by a
specific test if the uncertainty of the assessment/of|these losses
under test conditions by means of the available d4ta cause an
uncertainty of measurement of the pump power which is higher
than the values specified by this International Stanglard. Clause
10.2.1 gives necessary details for‘this measurement.

10.2.1 The efficiency of the electric motor shall bd determined
taking into account all the losses specified in IEC| Publication
34-2 (provided that it does not contradict the spedifications of
this International Standard). When IEC Publication 34-2 does
not give details of the procedure to be followdd for these
measurements;.the procedure shall follow the refjulations of
one of the‘official national codes in existence, chosen by com-
mon accord between the parties at the time the pump is
ordered, and taking into account the obligatory reqliirements of
10.2:2.

Generally the efficiency of an electric motor is deterfnined by in-
direct measurement, consisting essentially of mdasuring the
aggregate losses of the machine (total losses), and |in assuming
that these losses represent the difference between the electric
power input absorbed and the mechanical powef output. In
practice, the determination of the above ‘‘total losses” is
generally accomplished by the individual measurement or
calculation of the various categories of losses and bly their sum-
mation. Thus this method of measuring efficiency |s said to be
by “‘separate losses’’.

10.2.2 Measurement of the electrical power ingut shall be
made at the motor terminals if at all possible. If this cannot be
done, the measured power shall be decreased by tHe losses oc-
curring between the motor terminals and the location of the
measuring device; these losses are determined by [calculation.

During pump tests, the motor shall operate, as far ps possible,
at-its ina iR 8 a-e—machine at its
nominal frequency and for a synchronous machine at a power
factor equal to unity. If these conditions cannot be fulfilled, due
allowance shall be made in calculating the losses and cor-
responding inputs, and in estimating the probable error in the
measurements.

The electric power shall be measured by means of accuracy
class wattmeters or by watt-hour meters; they shall be
calibrated and fed if necessary by accuracy class instrument
transformers. The accuracy of the measurement of the power
input to an electric motor on site or on a test rig will not be
better than *+ 0,2 %, this value depending on the accuracy
class of the instrument transformers the accuracy of which
shall not be inferior to that of the instruments.
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Figure 19 — Measurement of the power at the terminals .of-a motor: three wattmeter method

cy of these devices shall permit the whole measuring If the neutral of the motor is brought out but

comply with the requirements of table 7.

the network or the earth during the test, eith
meter (or watt-hour meter) method or the t
watt-hour meter) method may be used. The

not connected to
er the three watt-
o wattmeter (or

three wattmeter

If the neutfal of a three-phase motor is brought out.and con- method is recommended. If the neutral of [the motor is not
nected to the network or to earth, it will be obligatory/to use the brought out, the two wattmeter (or watt-hopir meter) method
three wattineter (or watt-hour meter) methody(see figure 19). shall be used (see figure 20).
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Figure 20 — Measurement of the power at the terminals of a motor: two wattmeter method
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It may be necessary to allow for temperature correction in the
above instruments. In the case of very great temperature fluc-
tuations, it may be advisable (particularly for watt-hour meters)
to place the instruments in a constant-temperature enclosure.

In addition to the measurement of input at the terminals,
voltage, current per phase, excitation voltage and excitation
current shall be measured by suitable accuracy class in-
struments. The temperature in the stator winding and other
factors necessary to establish the losses and input of the
machine under the test conditions shall also be measured. Dur-
ing measurement of the power input of an asynchronous
motor, the slip va i uring the

To obtain the true power input, due allowance shall be made
for parasitic torque losses as specified in 10.3.2.

10.3.1 The torque reaction dynamometer consists of an elec-
tric motor with its casing and field windings mounted on
separate bearings from the rotating shaft, so that the whole
casing is free to rotate but is restrained by means of a torque-
measuring system. The torque delivered by the shaft is bal-
anced by an equal and opposite torque reaction on the casing,
and it is this that is measured either by means of a weight or by
some other high-accuracy mechanical or electrical system.

leakage flux or by|means of stroboscopic measurement).

If the power is
number of readin
fluctuations in th
cient to permit as
power over the d
the various wattr]
should be read sin

be used simultan

easured by direct-reading instruments, the
s will depend on the duration of the test and
load. The number of readings shall be suffi-
ccurate a calculation as possible of the mean
ration of the tests. It is recommended that
heters used in the measurement of power
hultaneously.

ously with direct reading wattmeters and

If the power is ’Feasured by watt-hour meters, they shall

checked against t
duration of the rg
measured by mea
devices sufficientl
time to at least 0,1
same period in wh

Because of the

measuring direct
accuracy obtained
may be considera
of alternating cur

Because of the a
instruments (incly
switchboard typeg

Similarly the ins
meters, watt-hou
instruments specis

em in the course of each measurement. The
cording of the integrating devices shall be
hs of stop-watches or other time-measuring
accurate to permit the determination of the
% . The power shall be measured during the
ich the flow through the pump is measured.

possible inaccuracies in shunts used for
currents of high intensity, the degree of
in the measurement of direct current power
ly lower than achieved in the measurement
nt.

ccuracy required for the electric measuring
ding the instrument transformers);-the usual
are not to be used for precision class tests.

rument transformers supplying the watt-
r meters, or other (electrical measuring
lly installed for the t€sts, shall be used solely

for that purpose #nd may not be dsed to supply at the same

time the measurir|
An exception ma
between the part

g and protective-eircuits, etc., of the plant.
be made o ‘this rule only if, by agreement
es, it is decided (and possibly checked by

calibration) that the same,degree of accuracy can be obtained

with the use of cef

tain switchboard instrument transformers (in

view of their acd

uracy class, their effective load and their

10.3.2 Torque errors in torque reaction dynam@meters may
be avoided if the following precautions are taken

a) It is necessary to limit the rotational movement of the
dynamometer or to have a fixed balanee point.

b) The dynamometer shall_be’.so constructed that the
cooling fluid enters and leaves so as to avoid torfgue errors
due to tangential velocity\components. Similar pfecautions
shall be taken regarding:winding. Flexible pipe copnections,
if used, shall impose 'no tangential restraint when under
pressure. Dash (ots, if used, shall be demonptrated to
impose equal fesistance to motion in either diregtion.

c) Electtieal connections to the dynamometer sHall impose
no noticeable tangential restraint. Braided flexilple copper
leads{Or mercury pots are suitable for this purpoge.

d)* The effective radius arm of the dynamometgr shall be
measured with an error not exceeding + 0,1 %.| The inac-
curacy of the force-measuring system shall npt exceed
+ 0,1 % of the reading. It shall be checked againt certified
weights in the direction of both increasing and dlecreasing
load. In the case of vertical shaft machines, and gometimes
others, metal tapes and frictionless pulleys arq used for
applying the torque balancing weights.

Before and after tests, the dynamometer and linkade shall be
carefully checked.

10.3.3 The torsion dynamometer (or torque tube) cpmprises a
length of shafting the torsional strain of which, whgn rotating
at a particular speed and delivering a certain forque, is
measured by some convenient method. Some torsiofh dynamo-
meters use optical techniques to measure angular strgin, others
use capacitance, inductance or wire resistance strain|gauges as
electrical transducers. Whatever type of torsion dyramometer
isu i i ts against

conditions of use), as can be obtained with the use of the

independent set

of instruments and transformers specially

reserved for the test specified above.

10.3 Direct m

ethod

The power input to the pump may be measured by torque reac-
tion dynamometer or by torsion dynamometer. Both methods
involve the simultaneous measurement of net torque and shaft
speed. The torque on the reaction dynamometer is determined
by the effective force applied to the dynamometer arm and
radius at which it is applied. For the torsion dynamometer
(torque tube) the torque shall be computed by means of a
previous calibration.
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some primary method. The design of the dynamometer shall be
such that speed and temperature will not influence the torque
reading, or such that this influence can be measured quan-
titatively either by experiment or by means of a special device
designed for this purpose.

High accuracy in any measuring equipment is virtually useless
unless it can be checked and proved quickly and easily by the
user to his own satisfaction. With careful calibration and use,
+ 0,25 % of the actual reading can be achieved over the range
15 to 100 % of full scale, improving toward the higher end of
the scale. It is generally impossible to check a torsion
dynamometer directly against a reliable reference when it is
running under load.
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Examples of the strain gauged types are torque tubes with slip
rings and d.c. excitation and those with inductive couplings
and a.c. energization. The slip ring type can provide high ac-
curacy, of the order of 0,1 % of their full load, but require more
care and maintenance than the inductive coupling type which
are essentially for higher speeds but are also more suitable for
permanent installations where the accuracy requirements are
not stringent.

The systematic uncertainty of torque measurement is most
generally of the order of + 0,15 % of the maximum torque,
arising from the following sources:

ISO 5198 : 1987 (E)

table 1), by applying the thermodynamic method. This method
is based on the evaluation of the energy per unit mass of water
received by water from a pump shaft. It may be determined
by measurements of the performance variables (pressure,
temperature, velocity and level) and from the thermodynamic
properties of water.

Technological aspects of instrumentation are dealt with in a
general way taking into account the fact that the apparatus
presently available varies widely and may possibly become
obsolete in the future.

— calibration, = 0,1 %

+

— sensitiyity, = 0,1 %;

— reading, + 0,05 %.

11 Measurement of pump efficiency by the

The only requitements of instruments are 1o satisfy conditions
stipulated in this International Standard- (a¢curacy, heat

exchange, etc.).

Due to the lack of uniformity in values\measured at the inlet and
outlet sections of the machines; the’limitations| of measuring
equipment and the relatively highmagnitude of fthe correction

thermodynamic method

11.0 Intro

This clause ser
on pumps and

uction

ves as a basis for the measurements to be made
for the computation of pump efficiency, 7 (see

terms originating from the imperfect measuring d
scope of this method is limited and it can only be
total heads in excess:of 100 m. However,

onditions, the
ised for pump
under highly

favourable conditions, the range could be extendled by mutual

agreement to ceverlower heads subject to an &
accuracy of the’ measurements.

nalysis of the

41
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11.1 Terms, definitions, symbols and units

In addition to the terms defined in table 1, the terms given in table 9 also apply.

Table 9 — Terms, definitions, symbols and units (thermodynamic method)

Term Definition Symbol Unit
11.1.1 Hydraulic energy per unit The necessary energy per unit mass for the fluid to pass over from
mass! state 1 at the pump inlet to pressure P2 at the pump outlet when the

pump is operating without losses. Under experimental conditions
allowing the thermodynamic method to be used, the specific hy-
draulic Ey, can be determined by means of the equation :

a, Us — o, U2
E, = Vyylp, — py) + %—‘ +glz —z) E, J/kg
Fhe-measurement points-for determiming £, are marked
1, 2, in figure 21. ]
11.1.2 Mechanical energy per unit The energy per unit mass received by water from a pump in the case
masg! of actual operation £ J/kg
. Eq = a(py = pyy) + ¢, (0 ~ O49) +
a, U3 — a,, U2
4 2”2 5 al 711 4 g (221 _ z”) + AE,,
= hy — hyy +
oy Uy — agq U2
+ 82~ 21 5 al =1 4 g (zy — z4y) + AEN
The measurement points for determining E,, are marked:
11, 21, 22, in figure 21.
11.1.3 Corrgctive term for energy due AE, is calculated according to the recomméndations given in 11.3. AE, J/kg
to sg¢condary phenomena
11.1.4 Energy per unit mass Energy per unit mass corresponding té.contractual losses in the
corr¢sponding to machine which are not removed by water between the measuring E, J/kg
contfactual losses sections (for example losses through-bearings, where applicable)
11.1.56 Pump efficiency? E,
"= E.+E, n
11.1.6 Volume per unit mass3) Volume per unit mass v, m3/kg
1
Vv o= _
"o
11.1.7 Isothhermal factor4 Factor charactérizing a thermodynamic property of water a m3/kg
ah av,,
a=4—) =V, -T|—=
2 T |,
11.1.8 Spetific heat capacity® Specific heat capacity at constant pressure <, - kg-1-K-1
11.1.9 Meap value of a8 the mean value, p, where a m3/kg
Values of ¢ and c,, po=Pu_*t P
corresponding to 2 = ]
11.1.10 Meah value of cps’ and the mean value, 6, _
where <, kg=1-K-1
5 0 o+ 0y
g =—0 <
2
11.1.1 Meap value of ¥, % Value of V,, corresponding to the mean value p and to the mean _
value ¢ where: : Vin m3/kg
_ hhtp 4= 0, + 6,
T advT T
11.1.12 Shaft power Shaft power corresponding to mechanical energy per unit mass B, wW

Po=09yEn = gy E

m

1) Use of the term “energy per unit mass” is considered to be preferable to “‘energy per unit weight'’ because it offers a more general meaning.
Nevertheless, energy per unit weight (i.e. specific head for the installation considered) can be used as a basis. Conversion of numerical values express-
ing energy per unit mass into head is ensured by dividing the former by g, the mean value for acceleration due to gravity between the extreme levels of
the installation.

2) Under experimental conditions allowing the thermodynamic method to be used, it can normally be assumed that a,; = a,, = 1 (see 8.1.1.1).

3) Values for o (= VL) are given in table 16.

m

4) Values for a are given in table 15.
5) Values for ¢, are given in table 17.

6) Fractional error in E,, and E,, attributable to the adoption of mean values a, 17," and E; instead to exact integrals [for pressures between 0 and
300 bar (30 MPa) and temperatures between 0 and 150 °C] does not exceed 0,4 x 10-3.
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11.2 Principle

The thermodynamic method results from the application of the
principle of conservation of energy (first law of thermo-
dynamics) to a transfer of energy between water and the
machine through which it is flowing.

In the case of actual machine operation, the energy per unit

mass received by water from a pump shaft may be determined

SS TeLelVel DY waleh o a pu 2o GeweniTaneG

by measurement of the performance variables (pressure,
temperature, velocity and level) and from the thermodynamic
properties of water. This exchange of energy will be referred to
as ““mechanical energy per unit mass’” (see 11.1.2 and 11.4).

ISO 5198 : 1987 (E)

prises only a single inlet and a single outlet of water. In fact,
there can be the following supplementary inlets and outlets :

— leak-off at the balance disc;
— injection into the seals;

— extraction from the seals:
— leak-off at the seals.

It is then convenient ta break down the fluid flow into a number

In the case ¢f ideal operation (100 % efficiency), i.e. frictionless
flow, the sgme application can be used for calculating the ideal

Armarms o it e mnn raAn Py I e - U Sy PRy,

€Nergy per finit mass receivea 1roim a puimp shaft. Such energy
is dependent solely upon the properties of the water and the
characteristjics of the plant. It is referred to as “’hydraulic energy
per unit mass” (see 11.1.1 and 11.5).

The need tq measure mass rate of flow, which is a difficult and
expensive measurement, is eliminated by using the two values
of energy per unit mass calculated as above. (Inversely, using
the thermqdynamic method together with measuring the
power input may allow to determine the flow rate without its
direct measjrement is needed.) An assessment of the flow rate
is sufficienf for calculating kinetic energies in section 1 and
section 2 and secondary corrective terms. A procedure by trial
and error cgn be used, if required, to reduce the uncertainty on
flow rate.

The above |principle presupposes that all losses in hydraulic
machines are dissipated in the main flow. Generally, friction
losses in the seals and bearings are dissipated differently and a
correspond|ng correction shall be made to mechanicalcenergy
per unit mnTs (see 11.3.1).

The determfination of the hydraulic energy periunit mass uses
the computgation of the integral S V,, dpAsee’'8.1.1.2).

In practice,| there are two ways td.ealculate this integral from
the thermoglynamic properties ¢f-water :

1) s V,dp: V,,,(pz—-pﬂ
1

28
2) s I/mdp=h25-—h1
1

of elementary circuits, i/, each of themi\ Raving one inlet
(subscript e) and one outlet (subscript s} The correction term
AFE, to be introduced is then given by _the equation

U2y= U2,
AEn, =X g, [hs,- ~ hg + —— 5 Lt g2y - Zei)]
1

where the difference between enthalpy A gt the outlet and
enthalpy h, at theXinlet is determined from pressure and
temperature measuréments, either by means| of the tables or
basic formulatiens, or by the equation

hy =y = @ (pg — po) + €, (65 — 6,)

and(where ¢, is the ratio of the mass flow rat¢, g,,;, of the cir-
¢uit involved to the main outlet mass flow ratg g,,,5.

0 = Jmi
! dm2

This calculation takes strictly into account all|the frictions be-
tween the fluid and the pump shaft at the balapce disc or at the
seals.

It should be noted that the energy per unit mags corresponding
to the losses in the bearings is given by the dquation

_ 4mh

E. =
X qm2

Cpn (0 — 6,)
where

G is the mass flow rate of the oil supplying the pump
bearings;

C..is its specific heat capacity
F

In the range of Tormat—efficiency for pumps toversd by This
International Standard and in the range of pressures and
temperatures defined by the tables given in annex C, the dif-
ference between these two calculations is not significant. The
approximation § = 6, may similarly be made.

11.3 Correction energy terms

11.3.1 Particular flow arrangements

The equation for the mechanical energy per unit mass, E,,,, in
table 9 relates to the very simple case where the machine com-

An example of decomposition of the fluid flow in the case of a
feed pump of vapour thermal cycle is shown in figure 23 b). The
correction energy term AE, and the loss in the bearings E, are
indicated in the legend.

11.3.2 Heat transfer with the surroundings through
the walls

Only heat transfers where the water pumped is involved are
dealt with here.
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NOTE — For use of

High pressure Low pressure

Section 2 Section 1
] 1
| Machine \ Flow
H i Pipe -

Probe

\ Measuring vessols .
Variant : Absence of
free surface level
I_.______.._____._____.__—_—
Variant : Freg.surface level
; -

Dq Isolation or expansion orifices

ne or other of the operating procedures for determining mé&ehanical energy per unit mass, see 11.4.

Figure 21 — General schematicdiagram of measuring vessels

e
\ g, On

e
S

Figure 22 — Enthalpy (#) - entropy (s) - thermodynamic diagram for water
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Correction energy terms and loss in the bearings, the variations of kinetic and potential energy being neglected:
AE, = @14ty — hy) + 015 (hg — b)) + @34 (hy — h3) + @35 (15 — h3) + @36 (hg — h3)
E, = ¢glhg — hy)

where

Yij = Tomi

A2

¥36 = P36a + P36p

Figure 23 — Example of decomposition of the fluid flow in a pump
(case of a boiler feed pump of vapour thermal cycle)
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The heat transfers through the metal walls give rise to the
following correction

1
AE, = — P A (6, — 6,)
dm2

where

P’ is the power, expressed in watts per square metre per
kelvin, exchanged; from experience, P’ is considered equal
to10OW-m~2.K~1;

A is the arga, in square metres, of the exchange surface;

6, is the tefnperature, in degrees Celsius, of the ambient
air;

0, is the tefnperature, in degrees Celsius, of the water in
the pump.

If there is considerable dripping, the resulting increase of heat
exchange (in prgctice always less than about four times) shall
either be calculgted from the air and water temperatures and
the relative air Humidity or efficiently depressed by sufficient
heat insulation df the metal surfaces by screening jackets.

Calculation of cgndensation influence can be made with suffi-
cient accuracy by increasing the correction AE,,, for the “dry”’
heat exchange i the proportion w given by the equation

1

V= " 24b0 Ax/AK
where

Ah is the alr enthalpy difference, expressédyin kilojoules
per kilogram

Ax is the difference in relative watef.content of the air, ex-
pressed in kilpgrams per kilogram:

The differences gre between thecordition of the humid air sur-
rounding the pufnp and that of-the saturated air at the metal
surface temperafure and shall be taken from a normal Mollier
diagram for humjd air.

11.3.3 Instability.of energy at inlet

where

¢, s the mean specific heat capacity at constant pressure,
expressed in joules per kilogram per kelvin;

df/dt s the temperature gradient, expressed in kelvins per
second;

t is the transit time, in seconds, of water between the inlet
and outlet sections of the machine;

£y s the transit time, in seconds, of drawn-off water be-
wee eimtetsectomand Measuring vesse
t, is the transit time, in seconds, of)drawn-off water
between the outlet section and measuring vesgel.

The cyclic variations of temperature ' which may be|observed in
the boiler feed pumps of thermal-power station§ can reach
0,05 K/min. In such cases, to.avoid a large measurgment error,
measurements shall be taken_at intervals of about|1 s.

oo

11.3.4 Limitation of corrections

Measurements:shall be considered non-valid whengver the cor-
rections obtained from the measuring procedured or calcula-
tions giver in 11.3.2 and 11.3.3 exceed the followfing limits in
relation'to E

a) heat exchange between water in the meas|iring circuit
and surroundings (see 11.3.2) at inlet or outlet} 1 %:

b) sum of the corrections detailed in 11.3.2 and 11.3.3:
1,5 %.

11.4 Procedure for measurement of me¢hanical
energy per unit mass

11.4.1 General

The main difficulty to be overcome in determining the
mechanical energy per unit mass lies in the accuratg determina-
tion of the mean fluid temperatures on both sides of the pump.

It can however be noted that, when the diameters df sections 1
and 2 are similar, the absolute measurement errors flo not have

It is recommended that any inflow of water or energy to the in-
let conduit (for example a conduit near a heat source) should be
avoided. Moreover, if the same conduit supplies several units,
the operating point of the pumps not under test shall be main-
tained constant.

A slow and continuous variation of temperature of less than
0,005 K/min during one test is admissible. Nevertheless, a
suitable correction shall be applied to E,, according to the
equation

_ dé
AE,, = pa(t—ﬁ-%lz)

g great effect upon the determination of the temperature dif-
ference, as long as the measuring probes are of identical design
and are similarly set up.

On the other hand, when the diameters of the sections 1 and 2
are very different, the velocities U; and U, are different and a
differential heating may bias the probes. Then it is necessary to
apply a correction to take this effect into account at least when
the pump total head is low.

Moreover, the flows in conduits being turbulent ones, it is
necessary to establish the temperature profiles in the measur-
ing sections in order to determine the mean temperatures of the
fluid.
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When the temperature difference between inlet and outlet of
the pump is sufficiently high, the energy E, is determined by
direct measurements by means of probes mounted in the flow.
In this case, pressures p1 and p,; and temperatures 67 and 6,
used in 11.1.2 for the definition of E,, are simply substituted by
P, Do, 07 and 6.

In case of difficulty in carrying out direct measurements in the
flow with the required accuracy, the energy E,, is determined
by indirect measurements by means of specially designed
vessels with tappings for determination of pressure and
temperature (see 11.6.2). When the measuring sections are
under press| i i
flow, generglly of between 0,1 and 0,5 dm3/s, by a total head
probe. The water thus extracted is led to the measuring vessel
through an|insulated pipe to ensure that the heat exchange
with the exferior, estimated in accordance with the procedure
described in[11.3.2, gives rise to a correction not exceeding the
limit fixed ir] 11.3.4. This sampling is valid if the recommenda-
tions given ih 11.6.2.1 regarding extraction points are followed.

The U2/2 and gz terms are of minor importance and their deter-
mination calls for no particular remarks. It should be noted that
levels z11 and z,q are those of the middle points of the measur-
ing vessels.| Pressure values are expressed with reference to
these levels| Uq; and U, are similarly measured in the vessels.

Other termg defining E,, shall be determined by one of the
operating pfocedures described in 11.4.2 to 11.4.5 which are
practical vafiations of the method. The selection of operating
procedure should be based upon machine characteristics and
the quality ¢f measuring apparatus available.

At pump inlets, it may be useful, depending upon the selected
operating grocedure, to reduce water pressure within:~the
measuring Jessel to atmospheric pressure.

ithout expansion’” operating procedure

re may be used when the temperature difference
between inlpt and outlet of the pump i$ Sufficiently high.

It brings into play either direct-measurements by means of
probes mofinted in the flow, jor indirect measurements by
means of vessels supplied By water extractions with minimum
expansion Qetween pipe\and vessel.

If the enthalpy calGulation is not accurate enough, the terms for
E,, given in[ 1112 ‘are determined as follows:

ISO 5198 : 1987 (E)

(651 — 64¢) and (py; — pq) shall be measured simultaneously
and at regular intervals.

The temperature difference between the inlet and outlet of the
pump shall be determined to within 0,020 °C when this dif-
ference is greater than or equal to 3 °C. It shall be determined
to within at least 0,005 °C when this difference is less than or

equal to 1 °C.

11.43

hen th

“’Partial expansion’’ operating procedure

pressure at the

pump inlet is sufficient to ensure that the terhperature of the
water expanded to atmospheric pressurefinythe measuring cir-
cuit is at least equal to that of the water.at the pump outlet.

An expansion valve is located in(the“sampling circuit between

the inlet pipe and the corregsponding measu
adjustment of the valve should be very fine

that, by partial expansion,-temperature equali
the measuring vessels“at“the intake and outl

ing vessel. The
and stable such
ty is achieved in
et. Thus, in the

expression for E,, the term ¢, (65 — 64;) bgcomes zero and

the determinatiofyof E, essentially entails the

measurement of

(pa1 — pq1) With an accurate manometer (see 11.6.2.2). The

thermometer, shall
11.6.2.3).\ts purpose is to record temperature
tice, it'is-desirable to establish graphically the
betwéen (py; — py9) and (657 — 647). As oft
practically invariant and only p,; need be
pressure value used for calculation is that obta
extrapolation for a nil difference of temperatu

In all cases where temperature equality cannot

possible to work by graphical extrapolation p

range of pressure involved by extrapolation is
with the pressure range accurately measured.

11.4.4

This procedure is a variant to that described i
contrast, it may be used even if the pump inlet
ficient.

The pressure pq; corresponding to the equality
01, and 85, is not measured, but determined

comparative expansion of the outlet extracted
way that the temperature variation of the ex
equal to that of the water crossing the mg

be highly sensitive an

d reliable (see
pquality. In prac-
correspondence
en as not, pqq is
measured. The
ned by graphical
re.

be obtained, itis
rovided that the
small compared

“Auxiliary expansion’ operating pfrocedure

h 11.4.3. But, in
bressure is insuf-

of temperatures
bn the basis of a
water in such a
panded water is
chine (deviation

methad)

requires a precision manometer (see
11.6.1.2); values of a are given in table 15
(annex C);

alpy — p1)

C, (657 — 649) requires measurement of 6, — 641 with re-
quisite accuracy (see 11.6.1.1); values of p
are given in table 17 (annex C).

The thermometer plays a very important role in this procedure.
It shall be very sensitive and reliable, and calibrated
beforehand. Whenever this procedure is adopted, “‘partial ex-
pansion’ procedure (see 11.4.3) for one test point or in situ
calibration of the thermometer will be undertaken for checking
purposes (see 11.4.6).

11.45

“Total expansion’’ operating procedure

This procedure is used mainly when the pump inlet pressure is

equal to the atmospheric pressure.

An expansion valve is located in the sampling circuit between
the outlet pipe and the corresponding measuring vessel. The
adjustment of the valve allows the water expansion until a
pressure equal to that at the pump inlet. Thus, in the ex-
pression for E, the term @ (py; — pq;) becomes zero and
the determination of E,,, essentially entails the measurement of
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This operating procedure is generally less accurate because the
measurement of the temperature is more difficult than the
measurement of the pressure. Moreover, ¢, is less well-known.,

11.4.6 Expansion procedure for differential
thermometer calibration

Two thermometric gauges are placed in two vessels separated
by an expansion valve through which water flows after having
been withdrawn from the conduit. As the efficiency of the
whole of the expander unit is zero, the transfer of mechanical
energy per unit mass is zero and thus

11.6.1.1.2 Thermometers protected by thermometric pockets

As fluid pressures are generally high, thermometric probes are
often placed in thermometer pockets.

The thermometer pockets and the external insulation of bosses
and thermometers shall be identical in pairs in order to eliminate
the possible errors in the determination of temperature dif-
ferences.

For point measurements, care shall be taken to ensure thermal
contact between the thermometer end and the pocket bottom,

Em = a(py 1 pn) + ¢p(0x — 0) +

U3, — U3
+—212—22+g(z21—222)=0
or

@y — pag) + HU3, — U%)/2] + g (21 — 20)

b2 = 631 = -
P

Thus, the differen

ce in temperature between the two vessels is

known and the tmermometer may be calibrated for use in the

operating proced

For this procedur]
gressive and stabl
from the exterior,
not exceed 0,1 g
below the satur
satisfactory, the

res described in 11.4.2.

B, it is essential that expansion shall be pro-
e, the vessels be perfectly thermally insulated
suspended material content in the water shall
dm3 and that dissolved gas content shall be
htion point. If the expander operation is
calibration is kept when the thermometric

gauges are inverted.

11.5 Determi
mass

This energy per

given in 11.1 and

the U?/2 and gz
(hzs - h‘|) (See

pation of hydraulic energy per unit

init mass is represented by the\expression
is determined by separate measurement of
terms, and by determining. V¥, (p» — p;) or
1.2.)

Conditions governing the measurement/of p; and p, are given
in 8.4, and g valups are given in_table 1.

11.6 Measuripg apparatus — Recommendations
for use

11.6.1

if possible using a support spring.

For exact temperature measurements, the pocket may be filled
with a liquid having good thermal properties (fvater, oil,
silicone, etc.).

11.6.1.1.3 Number of temperature measuring poirlts —
Temperature distribution

The mean temperaturé/6,,,, of a fluid of approximately constant
density in a cross-section of area A4 is given by the|equation

sﬁvdi
Op = =D
§deA

where v, is the axial component of the local velocity] in the ele-
ment of section dA.

When the Prandtl number (see 4.1.13) is close to unity and for a
small temperature difference between the centre and the wall
of the pipe, the velocity and temperature distributipns can be
considered identical, to a first approximation.

Under such conditions, the value of §,,, can be expregsed as the
arithmetic mean of the temperatures taken at a given|number of
points of the profile provided these points are located at well-
defined distances, r, from the pipe axis. Thus, for Reynolds
numbers greater than 6 000, table 10 gives the ideal dositions of
the probes when their number varies from one to five.

Table 10 — Ideal positions of probes

Distance from centre as a frag¢tion
Direct njeasurements N"mtf‘:s‘)f of radius
L r/R
11.6.1.1 Measurement of main temperatures 1 072
2 0,46; 0,86
.6.1.1.1 Thermometers directly immersed in the fluid o

16 e y 3 0,37; 0,67; 0,91
As far as possible, the thermometers shall be directly immersed 4 0,34;0,57; 0,75; 0,93
in the fluid. Their design shall take into account the 5 0,27;0,47; 0,70; 0,80; 0,94

characteristics of the fluid and the dynamic solicitations and
resonance phenomena liable to involve their breaking. They
shall be located far from any pipe irregularity.

Where the temperature distribution at pump inlet and outlet

has to be determined, the thermometers shall be in pairs and
their settings identical.
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For flow measurements by the velocity area log-linear method,
slightly different positions as defined in table 11 have been pro-
posed. By experience, it appears that the difference between
mean temperatures calculated in both cases has practically no
influence on the test results.
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Table 11 — Positions of probes (velocity area
log-linear method)

Number of Distance from cen_tre as a fraction
probes of radius,
r/R
2 0,42; 0,81
3 0,36; 0,73; 0,94
4 0,31; 0,63; 0,77; 0,96
5 0,28; 0,57; 0,69; 0,85; 0,96

1ISO 5198 : 1987 (E)

11.6.1.2 Pressure measurements

The precision manometer used shall allow an assessment of
pressure to an accuracy of at least 0,1 %.

11.6.1.3 Auxiliary measurements for estimation of correction
terms

Measurements of temperature, flow rate or pressure in auxiliary
circuits do not require as high an accuracy as the previous
measurements. For example, calibrated thermocouples can be

11.6.1.1.4 Types of thermometer

Any sensitive and accurate thermometer can be used for the
thermodynafnic method provided its calibration and stability
ensure the |desired accuracy in the measurement of the
temperature|difference. It is recommended to use a differential
thermometef.

This sensitiviity and this accuracy shall be between 0,001 °C
and 0,020 °C according to the pump total head and the
temperature|of the water.

They should|not be unstable over a range of = 5 °C about the
mean tempgrature to be measured. This property shall be
checked befpre and after each test.

Measurements have been made with thermocouples, ther-
mistors and]]uartz thermometers, but resistance thermometers
are mostly ysed.

If measurenjents are made far from the pump, the resistance
thermometels should be of the four wire type to eliminate the
resistance of connecting wires in an appropriate bridge.mount-
ing.

Special card should be taken, in connecting-the wires to the
thermometef and measuring bridge, to minimize electromotive
contact forcps. An a.c. or d.c. bridge ean be used provided the
direction of current is reversed- for each measurement
(automatically if possible) in the-attef case.

Thermocouples are suitable)for measurement of the average
temperaturel by series mounting. Such mountings cannot be
used, howeyer, to evaluate energy space instability.

A high speefl data gcquisition system overcomes the possibility
of neglecting @ossible fluid temperature slidings.

used-for-temperature-measurements,—and-differential pressure
devices, turbine meters, volumetric tanks, [ etc., for flow
measurements.

11.6.2 Indirect measurements
11.6.2.1 Main measurements

11.6.2.1.1 Sanipling water circuits

Water samplés from the conduit shall be taken by means of a
sampling-probe fixed perpendicular to the conduit and pro-
trudingNinto the conduit. This probe shall Have a perfectly
smooth orifice at its end, of diameter equal| to the internal
diameter of the probe and pointing upstream.|The distance of
this orifice from the internal wall of the conduit shall be at least
0,05 m and if possible 0,28 R (see 11.6.1.1.3)

At least two sampling points shall be provided| away from any
disturbance, up to 1 m in diameter and more| for bigger con-
duits. The depth of the various probes may vary. A mean
sampling may also be made by mixing samples|taken at various
points.

The probe shall be designed to avoid vibration[and rupture and
marked such that the orifice can be correctly orientated and
identified.

The external diameter of the probe in the vicipity of the sam-
pling holes may be chosen in the range 15 to 40 mm, the inter-
nal diameter being at least 8 mm. In order to ensure sufficient
mechanical strength, the external diameter may be increased
gradually towards the wall provided it does ngt affect the flow
essentially.

11.6.1.1.5 Thermometer calibration

A calibration accuracy of a few thousandths of a Celsius degree
is difficult to obtain, but it is generally sufficient to proceed to
relative calibration of the thermometers with respect to each
other by comparison in a limited range and, if possible, to
group them in pairs.

The stability and homogeneity of calibration baths, of the ele-
ment of comparison and of the measuring bridge performance
shall correspond to the desired measuring accuracy. Each
measurement shall be repeated at least once.

NOTE — The measuring-vessels-should be designed so that the kinetic
energy of water is converted into pressure energy and that good mixing
occurs before the flow passes around the thermometer pockets. Par-
ticular construction arrangements are necessary to avoid, as far as
possible, heat transfer at the walls of these pockets or by the connec-
ting wires: for example the wires shall be in contact with the walls
under the insulation of the vessels.

The expansion orifices shall ensure a high degree of flow stab-
ility and when adjustable shall ensure steady progressive varia-
tion in discharge.

All the active elements of the sampling circuits (pipes,

expanders, vessels) shall be carefully insulated so that the
sampling flow is of constant total enthalpy; imperfections in
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NOTE — The figurg is drawn in the case of heat transfer from the surroundings to the circuit. In the opposite case, the slope of the lifie should be

negative.

Figure 24 — Example of graphic-determination of the correction AE,, to allow for heat transfer
in a sampling circuit

the thermal insuldtion shall be taken-inte’account by the follow-
ing procedure:

a) itis assumed, as a first approximation, that the rate of
heat exchange with_the“exterior is constant, so that the
value of total pnthalpy ‘Ah, varies linearly with the inverse
value of the sTmpling flow rate;

total pressure measured in the vessel, considering the probe as
a total pressure tapping (when its orifice is located af a distance
from the nearest wall equal to about 1/7 of the pige diameter
and with no sampling flow), shall be compared with [the sum of
the static pressure measured at the wall plus the dynamic
pressure, o(U2/2), measured in the pipe. Any sigrificant dif-
ference shall be considered as abnormal.

b) this quantity Ah, shall be measured for at least three
sampling flow rates;

c) agraph of Ah, as a function of the inverse of the flow
rate permits, by interpolation, determination of the correc-
tion AE,, required to allow for heat transfer (see figure 24).

This check shall be made for all points of the efficiency curve.
However, if the correction is less than 0,2 % of E,,,, the number
of measuring points for which these auxiliary measurements
shall be made may be reduced by mutual agreement.

It is recommended that the probe be checked in the following
manner, as rupture is always possible, but difficult to see. The
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11.6.2.1.2 Pressure measurements

The manometer used shall permit direct reading of pressure
with an accuracy of about 0,1 %. It is recommended that the
same manometer shall be used for measuring E,,, and E}, to
minimize the effect of systematic error of the manometer.

11.6.2.1.3 Temperature difference measurements
The thermometer used shall directly indicate the temperature

difference between measurement points. It shall be sensitive
and accurate to at least 0,001 °C.
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11.6.2.2 Auxiliary measurements

It is necessary to provide an apparatus to check the sampling
flow with an accuracy of about 5 %.

The temperature of the water drawn off shall be continuously

monitored by thermometers of at least + 0,05 °C accuracy.
The use of a recorder is recommended.

11.7 Accuracy of measurements

ISO 5198 : 1987 (E)

Whilst primarily the object of cavitation tests specified in this
International Standard is the verification of certain performance
guarantees, it is recommended that the same principles and
methods be applied for research tests.

12.1.2 Cavitation tests will in most cases be conducted with
clean cold water. Cavitation tests in water cannot accurately
predict the behaviour of the pump with liquids other than clean
cold water.

The following methods are for liquids for which the vapour
pressure is single-valued. Mixed hydrocarbons and other liquids

11.7.1 Rafidom errors and systematic errors

Errors arising in determining each quantity which occurs in effi-
ciency calctilations include random components, the uncer-
tainty of which at 95 % confidence level can be determined,
and systematic components, for which only a maximum value
can be estimated. Nevertheless it is admissible to treat these
errors as if they were all random errors, by associating
the systematic errors with an uncertainty equal to half the
maximum estimated range of the error. For more details, see
ISO 5168.

11.7.2 Geperal expression of uncertainty in
efficiency

The relativg uncertainty, 87n/n, in efficiency is obtained from
the root mean square of the relative uncertainties in the
numeratorqnd denominator of the efficiency expressions given
in 11.1.5. Disregarding the error in E, in these expressions gives

5n [ 6Eh)2 (aEm 2] 172

— = — ) +|—

n Ey, En
The relativel uncertainties in hydraulic and mechanical energy
per unit maIs themselves arise from several sources :

— det
E.;

rmination of the main quantities involved in E}, and
— det¢rmination of corféctions allowing for secondary
phenomena in the calcdlation of E ...

For more detailed infermation on analysis, propagation and
evaluation gf these_errors, see annex C.

As a guide, jitimay be assumed that the uncertainty in efficiency

where vapour pressures cannot be defined,by|a single value at
the test temperature are excluded.

Cavitation may affect the behaviourof a pumpin several ways.
It may cause noise, vibration, material damage|and alteration of
performance, as defined by changes of head, tate of flow, effi-
ciency, etc.

In no case shall the cavitation tests be used t¢ ensure that the
pump will be free from cavitation erosion during its service life.

Measurements hot relating to the hydraulic|performance of
the pump such as noise and vibrations are not covered by this
International Standard.

Assessments of cavitation performance shall be made on a
head drop or efficiency drop basis at a given rate of flow oron a
drop in rate of flow or efficiency basis at a giyen total head.

Other methods such as cavitation visualization and sound
pressure measurements which are still subject to research and
not yet generally accepted, are described in ahnex D.

12.1.3 There are different types of cavitation tests.

12.1.3.1 A check may be made to show tHat the hydraulic
performance of the pump is not affected by [cavitation at the
specified duty and (NPSH).

The pump meets the requirement if a test at f higher (NPSH)
gives the same total head and efficiency at {he same rate of
flow.

12.1.3.2 In other cases, cavitation performance is explored
more fully by reducing (NPSH) until measutable effects are
noted.

measurement carried out by experienced staff in satsfactory
experimental conditions lies between 0,5 to 1 %, if the pump
total head exceeds 100 m. This limit may be lower if the uncer-
tainty given in table 7 is agreed.

12 Cavitation tests
12.1 General

12.1.1 When a contract specifies a (NPSH) a test may be con-
ducted to verify that the (NPSH) required by the pump is equal
to or less than the specified (NPSH).

This type of test may be conducted either to check the require-
ment of the pump or as a research test.

From such a test, the behaviour of the pump at various depar-
tures from the specified (NPSH) may be judged. For instance,
the following cavitation extent may be characterized by cor-
responding values of the (NPSH) :

a) the beginning of performance alteration, (NPSH);
K L
b) (2 + ) % reduction in total head, (NPSH);

c) x % reduction in total head, (NPSH);;
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d)  x % reduction in efficiency, (NPSH),,;

e) blockage of flow rate by fully developed cavitation,
(NPSH);.

K
If not otherwise agreed, a drop of {2 + 2 % in total head shall

be used unless it is shown that comparisons on this basis are
invalid.

In the case of multistage pumps, only the head generated by
the first stage shall be considered whether actually measured or
estimated.

12.2.1.3 Condition of the test liquid

The liguid shall be clean and clear and should not contain solid
matter (see table 4).

The total gas content, including both entrained and dissolved
gas of the liquid used in the test rig, should be known for the
test. It shall be taken at the inlet close to the pump. Present ex-
perience in closed circuits indicates that the influence of air
content on a cavitation test in water may be neglected if the
total air content at standard conditions of pressure and
temperature [15° C, absolute pressure 1 bar!)], is not less than
2 parts by volume in 1 000 and if the pump works in practice

12.2 Test installations

12.2.1 General test conditions

12.2.1.1 Genera| characteristics of the circuit

The circuit shall e such that when cavitation appears in the

pump, it shall notloccur elsewhere to an extent where it affects
the stability or thg satisfactory operation of the installation or

the measurement

Cavitation or gas

of the pump performance.

released by cavitation in the pump shall not

affect the functioping of the instrumentation, particularly the
flow measuring dgvice.

The measuring cq
this be the same

nditions on the cavitation test rig, whether
the rig used for the determination of the ef-

ficiency curves or hot, shall conform to the conditions specified
in this Internationpl Standard.

The types of installations described in 12.2.2 may necessitate
special flow confrol valves at the inlet and outlet, to .avoid
cavitation in thesg items influencing results.

Cavitation in thq flow through a flow control valve can
sometimes be prejented by using two or more ‘control devices
connected in series or by arranging for theflow control valve to
discharge directly into a closed vessel' or a tank of large
diameter interposg¢d between the control and the pump inlet.

Baffles and meang of extractingfair from such a vessel may be
needed, especially when the, (NPSH) is low.

When a flow congrol'valve is partially closed the pipe shall be
full of liquid at th¢ position of the inlet pressure tappings.

with normal industrial water.

Conversely, to avoid degassing in any part.0f)the pump, the
liquid of the circuit should not be supersaturated.

De-aeration of liquid used for a cavitation test is necessary if
the pump is to be used in practiee with de-aerated [liquid.

It is possible to examine the infllence of gas content by repeti-
tion of the same test run under different gas content|conditions
as permitted by the test installation.

To avoid any degassing in open or closed circuits, gn increase
of general pressuire level may be required (see 12.2/1.1).

12.2.1.4 . Flow conditions

The/general flow conditions specified in this Internat{fonal Stan-
dard, especially at the inlet of the pump, shall be flfilled.

12.2.2 Types of installation

The following types of installations may be used.

12.2.2.1 For liquids where the error in temperatur¢ measure-
ment produces an error in determining the liquid head
equivalent to vapour pressure of less than + 0,10 mjor + 2 %
of the measured (NPSH) whichever is the higher, the installa-
tions shown in figure 25 are acceptable.

12.2.2.1.1 The pump is installed in a closed pige loop as
shown in figure 25 a) in which the pressure level or| by altera-
tion of temperature, the vapour pressure may be varied without

12.2.1.2 Viewing conditions

Whatever the type of circuit used, it is recommended where
possible that provision be made for visual observation of the
condition of the water, with particular reference to the bubble
content coming into the pump, and the cleanliness both at the
inlet of the pump and upstream of the flow measuring device.

1) 1 bar = 0,1 MPa
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\,hulls;lly the pump-head-orrate-of-flow-untitcavitation occurs

in the pump.

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

A liquid recirculation loop may be necessary to avoid unaccep-
table temperature differences in the test tank.
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The tank shall be of sufficient size and so designed as to pre-
vent the entrainment of gas in the pump inlet flow. Additionally
stilling screens may be needed in the tank if the average velo-
city exceeds 0,25 m/s.

12.2.2.1.2 The pump draws liquid through an unobstructed
suction pipe from a sump in which the level of the free liquid
surface may be adjusted. [See figure 25 b).]

12.2.2.1.3 The pressure of the liquid entering the pump is
adjusted by means of a flow control valve installed in the inlet

ISO 5198 : 1987 (E)

b) The physical separation or Van Slyke method has the
advantage of permitting the extraction of the quantity of
air contained, whether in dissolved or occluded form, by
cascading the sample under vacuum in an insulated column.
The method is relatively rapid, but necessitates working on
small volume samples.

c) Gas content recorders (as used in thermal power plants)
permit a continuous recording of the total gas content, but
must be adapted to the range of use in the laboratory where
the water is usually saturated, whereas it is nearly gas-free

in a thermal power plant.

pipe at the Ipwest practical level. [See figure 25 c).]

12.2.2.2 Fdr liquids where the error in temperature measure-
ment is grealter than that specified in 12.2.2.1, the determina-
tion of (NPSH) by direct measurement as described in 12.3.2.4
shall be used by agreement.

12.3 Deté¢rmination of the (NPSH) required by
the pump

12.3.1 Methods of varying (NPSH)

The tests sgecified in 12.1.3 can be conducted in any of the
installations shown in figure 25 and 26 according to one of the
different methods indicated in figure 27.

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

12.3.2 Measurement methods

12.3.2.1 Measurement of pump head, flowrate and speed of
rotation

The recommended methods in clatises 7 to 9 regarding the
measuremer]t of head, outlet flow'rate and speed of rotation
shall be applled during cavitationytests unless otherwise agreed.
For tests in| accordance with.12.2.2.2, the (NPSH) shall be
directly meapured using_a\liquid column gauge.

Particular care is needéd to ensure that in the measurement of
flow, cavitation.doés not affect the accuracy of the flowmeter.
Ingress of air through joints and glands should be avoided.

NOTE — The above-mentioned methods are har
dustrially.

12.3.2.3 Measurement of temperature

For the installations described/in*12.2.2.1, the
of the test liquid entering the pump shall be

y operational in-

Mapour pressure
Hetermined with

sufficient accuracy to comply with 12.3.2.5. When the vapour

pressure is derived fromstandard data and the
the temperature of the\liquid entering the pum
accuracy of temperature measurement mg
demonstrateds

The active'element of a temperature-measurin
not less than one-eighth of the inlet pipe diame
of the’inlet pipe. If the immersion of the temper
element in the inlet flow is less than that requir
ment manufacturer, then a calibration at that i
may be required.

Care shall be taken to ensure that tempers
probes inserted into the pump inlet pipe do n|
measurements of inlet pressure.

measurement of
b, the necessary
y have to be

g probe shall be
ter from the wall
hture-measuring
ed by the instru-
mmersion depth

ture measuring
pt influence the

12.3.2.4 Determination of (NPSH) by direct neasurement

The pump is installed in a closed loop in which
maintained at vapour pressure by allowing liqu
tank in a secondary circuit (see figure 26). The
measured directly on a liquid level column gay
the cavitation bottle, due account being taken
head loss which, if below 0,05 m can be consi

a free surface is
d to flash into a
(NPSH) is then
ge mounted on
of the inlet pipe
Hered of negligi-

ble influence on the (NPSH) value being meagured.

Changes in (NPSH) can be accommodated b
from the cavitation bottle to a separate sto
needs to be taken, however, when returning s

bleeding liquid
age tank. Care
ich liquid to the

main circuit, and adequate mixing shall be allol

12.3.2.2 Measurement of gas content

Gas content measurement, a requirement of all precision class
cavitation tests, may be made by any method shown to give an
error in measurement of less than * 10 % when applied to
saturated water.

a) The Winkler method enables the determination by
iodometry of the dissolved oxygen content of the water. Itis
comparatively accurate, but necessitates titrated solutions
which are difficult to keep and requires sampling without re-
aeration of the specimen. It only yields the value of dis-
solved air content by calculation.

that true vapour pressure conditions are establ
surface.

wed to occur so
ished at the free

12.3.2.5 Limits of error in determination of (NPSH)

The maximum limits of error in (NPSH) measurements deter-
mined by the above methods shall be + 3 % of the measured
(NPSH), or £ 0,15 m whichever is the greater.

For (NPSH) tests with fluid temperature over the saturation
temperature at ambient pressure, an exact error calculation
shall be made and agreement reached between the manufac-
turer and the purchaser about the acceptability of the measur-
ing uncertainties obtained.
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To vacuum or
pressure control

Stilling screens

Spray nozzle for
liquid de-aeration

\/TE—N/h [ B

Cooling or
heating coils_/

NOTE — Cooling by means of a coil may be replaced by an injection of cool water above the liquid free surface and an extraction of hd

Adjustgble liquid level

Pump

“T‘—ﬁ = )
Flowmeter

Flow control valve

Measuring point of
gas content

LtH—

\

To flowmeter, flow
control valve and
measurement of
gas content point

fa

Isolating valve open
during the test

a) Variation of (NPSH) in a closed loop by controlhof pressure or temperature

To flowmeter and
measurement of
gas content point

=

|
DA

|

b) Variation of (NPSH) by control
of liquid level at inlet

c) Variation of (NPSH) by means of a
flow control valve at inlet (to avoid)

NOTE — The drawings show the principle but not full technical details.

Figure 256 — Cavitation tests

ated water.
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\ Flow control ‘\-Flowmeter

N

1ISO 5198 : 1987 (E)

(NPSH) plus inlet| pipe head loss

-
L

H

< - ——] valve
=i
Jdb
< dF . ) .
=7 [~~—— Cooling or heating coils
e
-7

tilling screens

4

- - _._)__

From storage tank

(if necessary) ——m—

a)

To flash tank
————

7

Recirculation pump
(if necessary)

\—Isolating valve open during the. test U

Cavitation bottle

Measurement method by level gauge in the cavitation tank

- T

\ Flow control valve

)

NI

Pump

——
From storage tank
(if necessary)

_?.._

N

\‘\
Recirculation pump
(if necessary)

Isolating valve open
during the test

(NPSH) direct measurement
by manometer or differential
pressure gauge

b) Measurement method by gauge manometer

NOTE — The drawings show the principles but not full technical details.

Figure 26 — Cavitation tests — Direct measurement method
[no assessment of (NPSH) from temperature measurement]
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Annex A

Estimation and analysis of uncertainties

A.1 General

The degree of uncertainty in any measurement (for example the
efficiency of a pump) can properly be found only by a special
examination of all the sources and contributory causes of error
in the test a i i ed, and fluc-

sufficiently large number will tend to be grouped in a pattern
known as the normal or Gaussian distribution of error. Other
patterns are possible, but in the absence of evidence to the

contrary,
distribution will be assumed.

random variation ‘with the consequent normal

tuations and| variations of the phenomenon being measured. It
is usually ndt practicable to make an exhaustive study of this
sort for evdry measurement taken, and so assessments of
reliability of measurements will be more or less exact depending
on the amopint of evidence available and the analysis made.
What is reqdired is a conclusion that the value indicated by the
measurements is unlikely to have differed from the true value
by more thah a stated amount.

Both systematic and random experimental errors or uncertain-
ties shall be faken into account, and it is important to remember
that observdtions of unsteady phenomena, such as those en-
countered pump testing, are not necessarily exactly
repeatable. for this reason, precision class accuracy cannot be
guaranteed ip advance of the tests, even with the highest stan-
dards of insfrumentation and calibration. Non-repeatability of
results arising from the pump and/or its installation may make
it impossiblg, or meaningless, to represent characteristics by
mean lines drawn through the scattered points.

In this casg, the contracting parties shall agree on the ar=
rangements o be made (improvement of the test conditions, of
the methody, etc.).

A.2 Andlysis of errors

This Interngtional Standard is mainly concerned with the
measuremerjt of the basic quantities, pump head, discharge,
torque and ghaft speed (or input power) at one set stable test
condition at|a time.

The concep{ of a stable test condition implies that during a test
these quant|ties will remain virtually constant until the circuit
resistance of speed is deliberately altered. To obtain the pump
characteristics, pump_head, input power and efficiency are
plotted agaipst flowrate, using results from a number of dif-
ferent test cpnditions. The uncertainties will change for each of

If a set of n repeated observations, x; (i = 1,2
same quantity is considered, in which the-norm|
errors occurs, then the arithmetic mean, X,
equation

n
_ 1
X:7 X;

i=1

and the standard_deviation, s, of these observ

s=\/n112 (x; — 712

i=1

As n increases, the values of X tend to approad
value of the instrument readings within its fund
precision. For example if a pressure of 50

3..., n), of the
Al distribution of
is given by the

(1)

ations is:

. (2)

h the true mean
Aamental limits of
units is to be

measured on a gauge with 1 unit graduations, the true mean

value can be established to within approximat
but not within say + 0,05 units for which a
greater precision would have to be used.

If n were sufficiently large and the variation
distributed, it would be found that if, a priori, §
tage (the confidence level) of readings is
grouped around the mean value within cert
fidence interval), these limits would be related

ely £ 0,5 units,
h instrument of

were normally
certain percen-
required to be
ain limits (con-
to the standard

deviation s given by equaticn (2). As an example, if the con-

fidence level were 95 % the odds are 19 to 1 th
of the observations will lie within these limits.

If the confidence level were 99 %, these limits|
wider since 99 % of the readings would be reqy
these limits.

it any single one

would be much
ired to lie within

these conditjons) and repeated sets of readings will be taken for
those pointts"mvn‘lrlrwn'smrev'rmp'cnmm‘Cmt' utate

uncertainties, or where a single measuring point appears to dif-
fer from the trend of measuring points taken at other condi-
tions.

This is the normal type of pump test, and this annex deals with
the method used to calculate the uncertainties of the results of
each test condition studied in such circumstances.

A.3 Estimation of the uncertainty associated
with random errors

If the scatter of repeated observations of the same quantity
about a mean value occurs in a truly random manner, then a

For practical pump tests, a 95 % confidence level is generally
accepted as providing sufficient certainty and is used
throughout this International Standard. The arithmetic mean of
a small number of consecutive measured values of the same
quantity will, in general, differ by a greater amount from the
true mean value than would the arithmetic mean of a larger
number of consecutive readings.

For values of n less than 30, the assumption of a normal
distribution becomes invalid; however, small (or exact) sam-
pling theory may be applied. Student’s ¢ distribution gives the
probability of the mean value of n readings lying between
chosen limits + ts/\/_n_where t is a function on n as given in
table 12, for a 95 % confidence level.
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Table 12 — Values of Student’s ¢ distribution

Table 13 — Values of \/n/t

n t n t
3 4,30 12 2,20
4 3,18 13 2,18
5 2,78 14 2,16
6 2,57 15 2,14
7 2,45 16 2,13
8 2,36 17 2,12
9 2,31 18 2,11

10 2,26 19 2,10

1 2,23 20 2,09

n NG n /nlt
3 0,403 12 1,575
4 0,629 13 1,653
5 0,804 14 1,732
6 0,953 15 1,810
7 1,080 16 1,878
8 1,198 17 1,945
9 1,299 18 2,011
10 1,399 19 2,076
1 1,487 20 2,140

The procedure, [therefore, to determine the uncertainty at a
95 % confidencelevel due to the scatter of experimental results
about the mean |s as follows:

a) determing the mean value, X, of the readings, using
equation (1);

b) calculate|the standard deviation, s, from the value of X

so obtained, and using equation (2);

c) multiply this value of s by the appropriate value of
t/A/ n.

The answer so optained will indicate within what limits 95 out
of 100 mean valdes obtained under identical conditions might
be expected to LIie with respect to the true mean indicated
values of the insfrument being used.

The random uncgrtainty ts/+/ n is denoted by e,.

test condition, g number (at least three) of readings of each

In order, therefO{, to check the random error for a single stable
quantity should be made at that condition.

The readings shquld be synchronized, i.e. head, flow, terque

The possibility exists that one reading may deviate|much more
widely from the mean than the remainder in-the s¢t. Suppose
the value of this reading is x,. The following, test shguld be used
to determine whether or not it may berejected.

a) Estimate the mean, X and, the standard devi{ation, s, for
the whole set, including the.suspect reading.

b) Calculate the ratio’ R = (x, — X)/s betweef the devia-
tion of the suspeet reading from the mean, x, ahd the stan-
dard deviation{ s\li.e. calculate the ““number pf standard
deviations” By which the suspect reading diffdrs from the
mean).

Only if thisjratio (“‘number of standard deviations’’) xceeds the
value‘given in table 14 may the suspect reading be rejected.
Note\that if a reading is rejected, n is then reduced|by 1, and ¥
and s shall be recalculated. The final value of n shall| not be less
than 3.

Table 14 — Maximum permissible value of|ratio R
(number of standard deviations)

and speed readir
more of the read
electrically over 4
counter), the oth

gs should be made simultaneously:. If 'one or
ngs are being time-averaged mechanically or
period (for example weightank-or revolution
r readings should be observed over the same

period, and their|average for that period-recorded.

In order to restrick the number of repeated readings, it is helpful
to have previoug agreement between the parties to the test
concerning the afnount of uncertainty arising from scatter that
can be tolerated.|If the measurements or results are contained
within a specified band, they’may be accepted without further
repetition or analyses:

If the agreed random’e :
standard deviation can be expressed for dlfferent numbers of
test points by applying the condition

. 3)

Values of \/n/t are given in table 13.

58

n R n R
3 1,15 12 2,41
4 1,48 13 2,46
5 1,71 14 2,51
6 1,89 15 2,55
7 2,02 16 2,59
8 2,13 17 2,62
9 2,21 18 2,65

10 2,29 19 2,68

11 2,36 20 2,71

Itis preferable whenever possnble to estimate rarjdom errors

a le test con-
dltnon as descnbed here rather than to try to deduce them
from the scatter about a mean line of points taken from single
sets of readings at a number of test conditions. Clause A.6
gives general guidance on procedures for curve-fitting.

A.4 Estimation of uncertainty associated
with systematic errors

All known corrections may be applied to the value of an instru-
ment reading taken in perfectly steady conditions without any
observer error, and yet it may still differ from the true value of
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the quantity being measured. This residual uncertainty is called
systematic error, and arises from the limitations of calibration,
change of installation compared with calibration conditions,
and inherent and constructional limitations of the instrument
itself.

The uncertainty associated with systematic errors cannot be
assessed experimentally without changing the equipment or
conditions of measurement. Whenever possible this shouid
be done since the alternative is to make a subjective judgement
on the basis of experience and consideration of equipment in-
volved.

1ISO 5198 : 1987 (E)

Alternatively some instruments such as differential pressure
flowmeters are covered by national and International Standards
which give details of construction and use, together with co-
efficients, corrections, and uncertainties.

Values given in clauses 7 to 12 are based on experience and
judgement and are the likely ranges of the systematic uncer-
tainty, at a 95 % confidence level, for the methods employed.
These should be used only as a guide for the estimation of the
systematic uncertainties and read in conjunction with the ap-
propriate clauses of this International Standard and the relevant
standards for each method.

The first step in the estimation of systematic uncertainty is to
identify thode aspects of the measurement that can affect its
value; the sg¢cond step is to allocate uncertainty limits to allow
for each of| these effects. For example if the independent
variables (sugh as density, temperature, datum height, velocity
head) for calculating the head, H, are denoted X, X>, ..., X,
then:

H=f(X1,X2,,Xn) (4)
Then the st'rndard deviation, sy, of H, due to the standard

deviations aflising from uncertainties in the individual variables,
is given by:

LA
Sy = z ain S%i ... (B
i=1
provided thdg variables are mutually independent.

If f is a linegr function

n

Spy = \/ Y sk .. (6)

i=1

and thus the|confidence limits, e, of systematic error ata 95 %
confidence Ipvel, are given by

n

ey = 2 egx,» .o (7)

i=1
where ey 4 1,968y

In practice if is'hecessary to draw largely from past experience

A.5 Combination of random_and Isystematic
uncertainties

There is no universally accepted.method of combining random
and systematic uncertainties{ Although it is [of value to list
systematic and random uncertainties separately, this would be
confusing when related_tospecified conditigns. The overall
error in any one quantity'shall be obtained using the square law
propagation method

e= . /ed+e? ... (8)

The systematic error is entirely controlled by the choice of

measuring method and the characteristics of
foriexample the value of the kinetic energy calc
mean velocity can differ from its true valug
distribution of the measuring section is not suf
Random error is, however, influenced by the ¢
measurement, the number of measurements ta

the installation,
ulated using the
if the velocity
ficiently regular.
hre taken during
ken and the site

conditions.

A.6 Estimation of errors from scatter
around a fitted curve

Computer programs are available for fitting curjes to test data,
and these may be used to advantage in a contfactual situation
where two or more people have interests in the nterpretation of
the test results.

Fitting a mathematical curve to such data imppses constraints
over and above those implicit in the data, and the choice of
curve itself may therefore become the subje¢t of conflicting
interests.

With a limited number of test conditions, espegially if none are

and published data to arrive at an estimate of systematic uncer-
tainty in the measurement of any one quantity. Often it is poss-
ible to have an instrument calibrated by a recognized national
authority who will include, with the calibration certificate, the
uncertainty at the 95 % confidence level or the standard devia-
tion of the results of the calibration.

Even if the instrument is calibrated locally, it must be against
some secondary standard the limits of error of which must be
known if the calibration is to be meaningful.

At least two calibrations are necessary, one before and one
after the test, but it is preferable to have a history of a number
of calibrations than to rely on only previous calibration.

repeated, a complicated curve passing through each of the
points may well be a worse estimate of the true mean curve
than a simpler expression about which the test data are scat-
tered.

Curve fitting for acceptance test purposes is best confined
to a fairly narrow range of duties (say + 10 %) around the
condition specified for acceptance. As many repeats, or near
repeats, as are technically and/or economically feasible should
be made within this range. Usually it will be found that, within
such a range, simple low order polynomials may be fitted, such
that the fitting of a polynomial one or more order higher results
in no advantage with respect to the confidence limits obtained
at the specified duty point.

59
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End conditions can be imposed on such a curve by “spline-fit”
programs linking a simple curve covering one range to similar
curves over adjacent ranges on either side.

If it becomes apparent that the range selected contains
characteristics with inflexions, discontinuities, or other
singularities, it may be necessary to narrow or shift the range so
as to investigate thoroughly the true curve shape. Figure 28
gives an example.

/Area requiring clarification

!

Figure 28 — Example of a discontinuity

Gy
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Annex B

Comparison of test results with specified duty

B.0 Introduction

This International Standard does not specify any constructional
tolerance nor any global tolerance for acceptance purposes.

Nevertheless f in-the-een
tract, it refnains necessary to compare the results of
measurements with the specified duty, taking into account

both the ufpcertainties of measurement and the agreed
tolerances. This annex gives different possible methods of
comparison Wwhich may be used as a guide. Positive and
negative tolefances have been used though this may not always
be the case.

B.1 Conjparison of test results with
specified [quantities at a given flow rate

B.1.1 Pump total head

The specificdtion on head is met if, on the graph of H(q,), the
band of meagurement as defined in 6.5.3 intersects or touches
the line AB shown in figure 29, where 1, is the agreed tolerance
on the total head, H.

2H, oty

!

qup
qy

Figure 30 — Graph for comparison of measyred efficiency
with that specified at a given flow rate

B.1.3 Power input

The specification on power input is met if, on the graph of
P(qy), the band of measurement as defined in 6.5.3 intersects,
touches or is lower than the line AB shown in fjgure 31, where
tpis the agreed tolerance on power input, P.

O

Figure 29 — Graph of comparison of measured total
head with that specified at a given flow rate

B.1.2 Efficiency

The specification on efficiency is met if, on the graph of 7 (g},
the band of measurement as defined in 6.5.3 intersects,
touches or is higher than the line AB shown in figure 30, where
t, is the agreed tolerance on efficiency, 7.

(%

(%]

Figure 31 — Graph for comparison of measured power
input with that specified at a given flow rate
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B.2 Comparison of test results with the
specified quantities at a given total head

B.2.1 Flow rate

The specification on flow rate is met if, on the graph of H(q;),
the band of measurement as defined in 6.5.3 intersects or
touches the line AB shown in figure 32, where ¢, is the agreed
tolerance on flow rate, gy

b

B.2.3 Power input

The specification on power input is met if, on the graph of
H(P), the band of measurement as defined in 6.5.3 intersects,
touches or is to the left of the line AB shown in figure 34, where

tpis the agreed tolerance on power input, P.

Hep F-—o————==

| |

! |

| (I
Lo
L
|

| |

| |

| |

| |

| |

l
i
|
|
l
|
|
|
I

qup“_fq) qup qup(1+fT
Gy

Figure 32 — Graph for comparison of measured flow rate
with that specified at a given total head

B.2.2 Efficiency

The specification on efficiency is met if, on the graph of Hil7),
the band of measurement as defined in 6.5.3 intersects,
touches or is to|the right of the line AB shown in\figure 33,
where ¢, is the agreed tolerance on efficiency, #.

!

(1+5)
p

Figure 34 — Graph for comparison of measured power
input with that specified at a given totallhead

B.3 Comparison of test results with |a
specified duty point

B.3.1 Flow rate and total head

The specification on the duty point (qysp, Hgp) is mpt if, on the
graph of H(qy), the band of measurement as defimed in 6.5.3
intersects or touches the rectangle ABCD shown ;’E figure 35,
where ¢, and ty; are agreed tolerances on flow rate, g, and
total head, H, respectively.

All points which lie simultaneously in the band of mgasurement
and in the rectangle ABCD are delimited by DEF df figure 35.
All the points of this zone are equally valid and conform to the

I I
nsp(1-f72) nsp
n

!

Figure 33 — Graph for comparison of measured efficiency
with that specified at a given total head
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SpeTITicaton.

B.3.2 Efficiency

The zone DEF delimited in figure 35 determines a range of flow
rate. That part of the band of measurement on the graph of
n(qy), situated in this range of flow rate delimits a zone GHIJ.
All points of this zone are equally valid.

The specification on efficiency is met if the zone GHIJ in-
tersects or touches or is higher than the rectangle A’B'C'D’
shown in figure 36, where tgy and ¢, are agreed tolerances on
flow rate, gy, and efficiency, n respectively.
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B.3.3 Power input

The zone DEF delimited in figure 35 determines a range of flow
rate. That part of the band of measurement on the graph of
P(qy), situated in this range of flow rate delimits a zone KLMN.
All the points of this zone are equally valid.

The specification on power input is met if the zone KLMN
intersects, touches or is lower than the rectangle ABCD shown

ISO 5198 : 1987 (E)

in figure 37, where ¢, and ¢ are agreed tolerances on flow rate,
qy, and power input, P, respectively.

NOTE — In the case where is no agreed tolerance, the line AB in
figures 29 to 34 or the rectangle ABCD in figures 35 to 37 is reduced to
a point.

The relevant specification is met if this point lies within the corre-
sponding band of measurement or on the upper or lower limiting curve
of the band.

Hsp(1+//‘_/)

sp
Hepl1-1,)
H

|
\
|
|
I
|
|
|
|
|
|
|
!

qup“_ /27) qup‘ qupH”(Z? )

Figure 35 — Graph for comparison of flow rate and total head
with a specified duty point

!
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|
|
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qup(‘I ~1y) qupi qup(1+fb )

9y

Figure 36 — Graph for comparison of flow rate and efficiency
with a specified duty point
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l%p“*’fp)
p

(%]

“-fq) q\/sp q\/sp
9y

qup

Figure 37 — Graph for.comparison of flow rate and power input
with a specified duty point
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Thermodynamic properties of water and assessment of the accuracy of

efficiency measurements by the thermodynamic method

Ci

C.1 Tables of thermodynamic properties of water

Values of coefficients @, ¢ and ¢, are given in tables 15 to 17 as a function of temperature and pressure at intervals from 0 to 275 °C
and from 1 to 300 bar1l.

Tabie 15 — Isothermal coefficient, @ (103 m3/kg)
Tempdrature
oC 0 5 10 15 20 25 30 35
Pressure
bar

0 1,018 6 0,995 9 09754 0,957 1 0,941 1 0,926 5 09124 0,899 0
20 1,015 3 0,993 2 0,973 1 0,955 2 0,939 4 0,925 0 0,911 1 0,897 9
40 1,012 1 0,990 5 0,970 8 0,953 2 0,937.7 0,923 5 0,909 8 0,896 7
6 | 1,008 9 0,987 8 0,968 6 0,9513 0,936 0 0,922 0 0,908 6 0,895 6
80 1,005 8 0,985 2 0,966 3 0,949 4 0,934 3 0,920 6 0,907 3 0,894 5
100 1,002 7 09826 0,964 1 0,947 4 0,932 7 0,919 1 0,906 0 0,893 4
120 0,999 7 0,980 0 0,961 9 0,945 6 0,9310 09176 0,904 7 0,892 3
B 140 0,996 8 0,977 4 0,959 7 0843 7 0,929 4 0,916 2 0,903 5 0,891 2
160 0,993 8 09749 0,957 6 0,9418 0,927 7 09147 0,902 2 0,890 1
180 0,990 9 09724 0,955 4 0,940 0 0,926 1 09133 0,900 9 0,889 0
200 0,988 1 0,970 0 0,9533 0,938 1 0,924 5 09119 0,899 7 0,887 9
220 0,985 3 0,967 6 0,951 2 0,936 3 0,922 9 09105 0,898 5 0,886 9
240 0,9825 0,965 2 0,949 1 0,934 5 0,921 3 0,909 1 0,897 2 0,885 8
260 09798 0,962 8 0,947 1 0,932 7 09197 0,907 7 0,896 0 0,884 7
280 0,977 2 0,960.5 0,945 1 0,930 9 0,918 2 0,906 3 0,894 8 0,883 7
300 09745 0,958 2 0,943 0 0,929 2 0,916 6 0,904 9 0,893 6 0,882 6

1) 1bar = 0,1 MPa
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ISO 5198 : 1987 (E)

Table 15 — Isothermal coefficient, a (10~3 m3/kg) (continued)

Temperature
oC 40 45 50 55 60 65 70 75
Pressure
bar
0 0,886 1 08739 0,862 3 0,851 1 0,840 0 0,828 8 08178 0,806 7
20 0,885 2 0,873 1 08617 0,850 6 0,839 5 08285 08176 0,806 7
40 0,884 2 0,872 3 0,861 0 0,850 0 0,839 1 0,828 2 0817 4 0,806 6
60 0,883 3 08715 0,860 3 0,849 5 0,838 7 0,827 9 0,817 2 0,806 6
80 0,882 3 0,870 7 0,859 7 0,848 9 0,838 3 0,827 6 0,817 1 0,806 5
100 0,8814 0,869 9 0,859 0 0,848 4 0,837 8 0,827 3 08169 0,806 4
120 0,880 4 0,869 1 0,858 3 0,847 8 0,837 4 0,827 0 08167 0,806 4
140 0,879 5 0,868 3 0,857 6 0,847 3 0,837 0 0,826 7 0,816'5 0,806 3
160 0,878 5 0,867 5 0,857 0 0,846 7 0,836 5 0,826 4 0,816 3 0,806 2
180 0,877 6 0,866 7 0,856 3 0,846 2 0,836 1 0,826 1 0,816 0 0,806 1
200 0,876 7 0,865 9 0,855 6 0,845 6 08357 0,825 7 08158 0,806 0
220 0,875 7 0,865 1 0,855 0 0,845 1 0,835 2 08254 | 08156 0,805 9
240 0,874 8 0,864 3 0,854 3 0,844 5 0,834 8 0,825 1 0,815 4 0,805 7
260 0,8739 0,863 5 0,853 6 0,844 0 0,834 3 0,824 7 0,815 1 0,805 6
280 0,873 0 0,862 7 0,853 0 0,843 4 0,833 9 0,824 4 0,814 9 0,805 5
300 0,872 1 0,862 0 0,852 3 0,842 8 0,833 0,824 0 0,814 7 0,805 3
Temperatyre
PC 80 85 90 9 100 106 110 115
Pressure
bar
0 0,795 8 07849 0,774 1 0,763 1 0,7518 — — _
20 0,7959 0,785 1 0,774.4 0,763 6 0,752 4 0,740 8 0,728 9 0716 6
40 07959 0,785 3 0,747 0,764 0 0,7530 07416 07298 07177
60 0,796 0 07855 0,775 0 0,764 4 07535 07423 0,730 7 07187
80 0,796 0 0,785 6 0,775 3 0,764 8 0,754 1 07429 0,7315 07197 |
100 0,796 1 0,785.8 0,775 6 0,765 2 0,754 6 07436 07323 0,720 6
120 0,79 1 0,785.9 0,775 8 0,765 6 0,755 1 0,744 2 0,733 0 07215
140 0,796 2 0,786 1 0,776 1 0,766 0 0,755 5 0,744 8 0,733 8 0724 |
160 0,796 2 0,786 2 0,776 3 0,766 3 0,756 0 0,745 4 07345 0,723 3
180 0,796 2 0,786 3 0,776 5 0,766 6 0,756 5 0,746 0 0,735 2 0,724 1
200 0,792 0,786 4 0776 8 0,767 0 0,756 9 0,746 5 0,735 9 0,724 9
220 0:796 2 0,786 5 0776 9 0,767 3 0,757 3 0,747 1 0,736 5 07257
240 0,796 2 0,786 6 0,777 1 0,767 6 0,757 7 0,747 6 0,737 2 0726 5
260 0,796 1 07867 07773 0,767 8 0,758 1 0,748 1 07378 0,727 3
280 0,796 1 0,786 8 07775 0,768 1 0,758 5 0,748 6 0,738 4 07280 |
300 0,796 1 0,786 8 07776 0,768 3 0,758 8 0,749 0 0,739 0 0,728 7
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