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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC TURBINES, STORAGE PUMPS
AND PUMP-TURBINES -
MODEL ACCEPTANCE TESTS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of ttre<]EC is to promote
international co-operation on all questions concerning standardization in the electricalf and electronic fields. To

participate in this preparatory work. International, governmental and non-go
with the IEC also participate in this preparation. The IEC collaborates closel : i Organization
for Standardization (ISO) in accordance with conditions determined e q
organizations.

2) The formal decisions or agreements of the IEC on technical matte
3) The documents produced have the form of recommendationg for j

4) In order to promote international unification

5) The IEC provides no marking procedure tq indicate its\app

6) Attention is drawn to the pogsibii
International Standard
turbines.

This second edition
in 1965, its amend

and replaces the first edition of IEC 60193 published
60193A (1972), as well as IEC 60497 (1976) and

The text of tt [ based on the following documents:
FDIS Report on voting
4/157/FDIS 4/162/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

Annexes B, F, G, K, L and M form an integral part of this standard.
Annexes A, C, D, E, H, J, N and P are for information only.

The committee has decided that this publication remains valid until 2004. At this date, in
accordance with the committee's decision, the publication will be

¢ reconfirmed;
e withdrawn;
¢ replaced by a revised edition, or

¢ amended.
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HYDRAULIC TURBINES, STORAGE PUMPS
AND PUMP-TURBINES -
MODEL ACCEPTANCE TESTS

1 General rules

1.1 Scope and object

1.1.1 Scope

This International Standard applies to laboratory models of any type
hydraulic turbine, storage pump or pump-turbine.

This standard applies to models of prototype machines eithex with it power greater than
5 MW or with reference diameter greater than 3 m. Full ggphcatiomof the\proc

In this standard, the term "turbine" includes a pu
"pump" includes a pump-turbine operating. as

arrangements for model acceptance tests to be
ge pumps and pump-turbines to determine if the main

The main objectives.of this standard are:

— to define the terms and quantities used;

— to specify methods of testing and of measuring the quantities involved, in order to ascertain
the hydraulic performance of the model;

— to specify the methods of computation of results and of comparison with guarantees;

— to determine if the contract guarantees, which fall within the scope of this standard, have
been fulfilled;

— to define the extent, content and structure of the final report.
The guarantees can be given in one of the following ways:

— guarantees for prototype hydraulic performance, computed from model test results
considering scale effects;

— guarantees for model hydraulic performance.
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Moreover additional performance data (see 1.4.4) can be needed for the design or the
operation of the prototype of the hydraulic machine. Contrary to the requirements of clauses 1
to 3 related to main hydraulic performance the information of these additional data given in
clause 4 is considered only as recommendation or guidance to the user (see 4.1).

It is particularly recommended that model acceptance tests be performed if the expected field
conditions for acceptance tests (see IEC 60041) would not allow the verification of guarantees
given for the prototype machine.

This standard may also be applied to model tests for other purposes, i.e. comparative tests and
research and development work.

If model acceptance tests have been performed, field tests can be limieQ
IEC 60041, clause 15).

ex tests (see

If a contradiction is found between this standard and any othe
prevail.

1.2 Normative references
The following normative documents contain provisi
constitute provisions of this International Standz
indicated were valid. All normative

of applying the most recent editions of
IEC and ISO maintain registers of currep

turbines §>
IEC 60609-2:1997;

pump-turbines — Pé

IEC 61366 (all
documents

ISO 31-3:1992, Quantities and units — Part 3: Mechanics
ISO 31-12:1992, Quantities and units — Part 12: Characteristic numbers

ISO 468:1982, Surface roughness — Parameters, their values and general rules for specifying
requirements

ISO 1438-1:1980, Water flow measurement in open channels using weirs and Venturi flumes —
Part 1: Thin-plate weirs
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ISO 2186:1973, Fluid flow in closed conduits — Connections for pressure signal transmissions

between primary and secondary elements

ISO 2533:1975, Standard atmosphere
Addendum 1: 1985

ISO 4006:1991, Measurement of fluid flow in closed conduits — Vocabulary and symbols
ISO 4185:1980, Measurement of liquid flow in closed conduits — Weighing method

ISO 4373:1995, Measurement of liquid flow in open channels — Water level measuring devices

evices — Part 1:
s running full

Q

ISO 5167-1:1991, Measurement of fluid flow by means of pressure differentia
Orifice plates, nozzles and Venturi tubes inserted in circular cross-section

ISO 5168:1978, Measurement of fluid flow — Estimation of
measurement

electromagnetic flowmeters

ISO 7066-1:1997, Assessment of uncertainty in the
devices — Part 1: Linear calibration relationship

ISO 7066-2:1988, Assessment of unceftai
devices — Part 2: Non-linear calibratio

ISO 8316: 1987, Measurement of liqui
liquid in a volumetric tank

ISO 9104:1991, Measuren
performance of electro

VIM:1993, Internaty
OIML)

symbols and units app pecialized terms are explained where they appear.

Clarification of any~Nerm, definition or unit of measure in question shall be agreed to in writing
by the contracting parties in advance of the test.

1.3.1.1 point

A point is established by one or more consecutive sets of readings and/or recordings at
unchanged operating condition and settings, sufficient to calculate the performance of the
machine at this operating condition and these settings

1.3.1.2 test
a test comprises a collection of points and results adequate to establish the performance of the
machine over a specified range of operating conditions
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1.3.1.3 hydraulic performance
all performance parameters attributable to the machine due to hydrodynamic effects

1.3.1.4 main hydraulic performance data

a subset of the hydraulic performance parameters, i.e. power, discharge and/or specific
hydraulic energy, efficiency, steady-state runaway speed and/or discharge. The influence of
cavitation must be considered.

1.3.1.5 additional data

a subset of hydraulic performance data which can be determined for information on the model
(see 1.4.4). However, the prediction of the corresponding prototype data is less accurate than
that achievable for the main hydraulic performance data, due to applics Qf approximate
similarity rules.

1.3.1.6 guarantees
specified performance data contractually agreed to

1.3.2 Units

The international System of Units (SI, see ISO 31-3) has beemnused ghout this standard.

ratures may be given in degrees
required.

9,

D N=kg-m-s?2 Pa=kgm?ls?2 J=kg-m?s2 W =kg-m?s3
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1.3.3 List of terms, definitions, symbols and units

1.3.3.1  Subscripts and symbols
Subclause Term Definition Subscript or symbol
1.3.3.1.1 High pressure The high pressure section of the machine to 1
reference section which the performance guarantees refer (see
figure 1)
1.3.3.1.2 Low pressure V) The low pressure section of the machine to which 2
reference section the performance guarantees refer (see figure 1)
1.3.3.1.3 High pressure Whenever possible, these sections should
measuring sections coincide with section 1; otherwise the measured o
values must be adjusted to section 1 (see 11
3.5.2.1.3)
N
1.3.3.1.4 Low pressure Whenever possible, these sections should
measuring sections coincide with section 2; otherwise, the measuxe ,
values must be adjusted to section 2 (see 2
3.5.2.1.3) /\
1.3.3.1.5 Specified Subscript denoting values of quantiti suc& \/ sp
rotational speed, discharge et¢/forwhigh er
guantities are guaranteed
1.3.3.1.6 Maximum/minimum Subscript denoting max<'{um or \> max
minimum values of/aqy ter@ N min
1.3.3.1.7 Limits Contr defired values Q
- not ceeded 111
- to be hed O orinir
1.3.3.1.8 Prototype Subsclipt d ing IWed to the full size P
AN
1.3.3.1.9 Model N Subschting VMS related to the model M
VN
1.3.3.1.10 Model at conjsta Sukschipt denpting values related to a model and M*
ReynQId‘s\nu ber \Lefe d te_a constant value of Reynolds number
1.3.3.1.11 RefeW Subscriptdenoting values related to a specified ref
<\ \@/fer\ ce/tondition
AN
1.3.3.1.12 Optim&@ \ Wript denoting the best efficiency point opt
1.3.3.1.13 mbi Subscript referring to surrounding atmospheric amb
conditions
1.3.3.1.14& P Subscript denoting values related to the operating pl
conditions of the prototype in the plant
1.3.3.1.15 Runaw Subscript referring to runaway conditions R
1)

direction and therefore are independent of the mode of operation of the machine.

The terms "high pressure” and "low pressure" define the two sides of the machine irrespective of the flow
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Inlet/outlet section

Turbine V. High pressure reference section

/ High pressure measuring section

Low pressure measurifig section

Pump

Closed position: a = 0° ora=0 mm

Figure 2 — Guide vane opening and angle
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