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EN IEC 62097:2019 (E)

European foreword

The text of document 4/359/FDIS, future edition 2 of |JEC 62097, prepared by IEC/TC 4 "Hydraulic
turbines" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN IEC 62097:2019.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2019-11-12
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2022-02-12
document have to be withdrawn

This document supersedes EN 62097:2009.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 62097:2019 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards

indicated:

SO 428 NOTE Harmonized as EN ISO 428

S0 4288 NOTE Harmonized as EN 1SO 4288
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu.

Publication Year  Title EN/HD Year
IEC 60193 - Hydraulic turbines, storage pumps andEN 60193 -

pump-turbines - Model acceptance tests
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC MACHINES, RADIAL AND AXIAL - METHODOLOGY FOR
PERFORMANCE TRANSPOSITION FROM MODEL TO PROTOTYPE

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |[EC 62097 has been prepared by IEC technical committee 4: Hydraulic
turbines.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes an editorial and technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) In introduction, clarifications have been brought such as addition of a sentence which
declares the precedence of JEC 62097 over |[EC 60193 if any mismatch is found between
them

b) In Clauses 3 and 4, corrections of the typographical errors

c) In Clause 3: changes to be in accordance with presentation of the terms and structure of
EC 60193 (except for the water temperature)

d) In Clause 4:

— Deletion of the clause providing the direct step-up procedures for a whole tuRﬂguments
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— Introduction of a global view by using turbine A and turbine B instead of model turbine,
reference model turbine and prototype turbine

— Move of section dealing with “surface roughness of model and prototype” in a new
Clause 5

e) In Clause 5:

— Introduction of additional chapters to answer comments raised at the CDV stage and to
clarify the subject of surface roughness of model and prototype

— Introduction of new tables for minimum recommended prototype roughness for new
radial or diagonal machines and for new axial turbines

— Addition of the explanation about roughness measurement of heavily rusted surface
f) In Clause 7 (former Clause 6):

— Introduction of a new subclause for clarifications about the assumed maximum
hydraulic efficiency, 7pamax

— Deletion of the requirement of mutual agreement for the application of the step-up
formula for very high efficiency machines exceeding 7amax

— Clarifications of the equations from 22 to 33 by doubling the equations for suiting the
“two step method”

g) In Clauses 6 and 7, correction of typographical errors

h) In Clause 8 (former Clause 7), introduction of new figures for clarifying the “2 step
method” and the alternative method

i) In Annex A, modification of the flux diagram to be in compliance with |EC 60193
i) In Annex B:
— Correction of the equation to obtain Agcq

— Deletion of the clause which describes the direct step-up procedures for radial flow
machines

k) In Annex C, deletion of the clause which describes the direct step-up procedures for axial
flow machines

) In Annex D:
— nhotes become main text
— change of variable names in Subclause D.1 for clarifications

m) Addition of Annex E, about comparison of IEC standards dealing with models: 60193 and
62097

n) In Annex F, clarifications of equations by adding more subscripts
0) The Excel sheets attached to the standard are revised as itemized below
— Deletion of the routine regarding the direct step-up procedures for a whole turbine

— Deletion of the notice which requires mutual agreement when the step-up is applied to
high efficiency machines exceeding 7,amax

— Addition of the routine to process the normalization of test data obtained at optimum
test conditions

p) Simplification of structure, calculation of optimum and individual point, step up calculation

With 7haAmax
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The text of this standard is based on the following documents:

FDIS Report of voting
4/359/FDIS 4/364/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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

« replaced by a revised edition, or
e« amended.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

0.1 General remarks

EC 62097 forms an element of a series of standards which deals with model testing of
hydraulic machines. The series has two groups describing

a) Hydraulic turbines, storage pumps and pump-turbines — Model acceptance tests

(IEC 60193);

b) Hydraulic machines, radial and axial — Performance conversion method from model to

prototype (IEC 62097).

Advances in the technology of hydraulic machines for hydroelectric power plants provided
background for updating and revising the scale effect methodology of |[EC 60193. The

advance in knowledge of scale effects originates from work done by research institutes,
manufacturers and relevant working groups within the organizations of IEC and IAHR. See

EC 60193 and [1]1 to [6].

The method of calculating prototype efficiencies is supported by experimental work and
theoretical research on flow analysis and has been simplified for practical reasons and agreed
as a convention by [7] to [9]. The methodology is representing the present state of knowledge
of the transposition of performance from model to a homologous prototype.

Homology is not limited to the geometric similarity of the machine components; it also calls for
homologous velocity triangles at runner inlet and outlet [1].

According to the present state of knowledge, the formula for the efficiency transposition
calculation given in |JEC 60193 and earlier standards often overestimates the transposition
increment of the efficiency for the prototype.

Limitations and applications of performance conversion of both standards (JEC 60193 and
EC 62097) are given in Annex E.

This document is intended to be used mainly for the assessment of the results of contractual
model tests of hydraulic machines. If it is used for other purposes such as evaluation of
refurbishment of machines having very rough surfaces, special care is taken as described in
Annex B.

Due to the lack of sufficient knowledge about the loss distribution in Deriaz turbines, multi-
stage pump-turbines and storage pumps, this document does not provide the scale effect
formulae for them.

An Excel workbook concerning the conversion procedures of hydraulic machine performance
is attached as a complement of this document to facilitate the calculation of the scaled value
for a given test point.

When using this document, if any mismatch is found with |[EC 60193, the information in
EC 62097 prevails. Annex E provides additional information for performance conversion
method.

1 Numbers in square brackets refer to the bibliography.
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0.2 Basic features

A fundamental difference compared to the transposition is the standardization of
scalable losses. In , a loss distribution factor V has been defined and standardized,
with the disadvantage that turbine designs which are not optimized will benefit from their
lower technological level.

This is certainly not correct, since a low efficiency design typically produces high non-scalable
losses, like incidence losses, whereby the amount of scalable losses is about constant for all
hydraulic machines, for a given type and a given specific speed of a hydraulic machine.

This document avoids all the inconsistencies connected with |EC 60193. A new basic feature
of this document is the separate consideration of losses in specific hydraulic energy, leakage
losses and disk friction losses [4], [7] to [9].

Above all, in this document, the transposition of the hydraulic performance is not only driven
by the dependence of friction losses on Reynolds number Re, but also the effect of surface
roughness Ra has been implemented.

Since the roughness of the actual machine component differs from part to part, scale effect is
evaluated for each individual part separately and then is finally summed up to obtain the
overall step-up for a complete machine [9]. For radial flow machines, the evaluation of scale
effect is conducted on five separate parts; spiral case, stay vanes, guide vanes, runner and
draft tube. For axial flow machines, the scalable losses in individual parts are not fully
clarified yet and are dealt with in two parts; runner blades and all the other stationary parts
inclusive.

The calculation procedures according to this document are summarized in Clause 8.

In case that the Excel workbook is used for evaluation of the results of a contractual model
test, each concerned party executes the calculation individually for cross-check using
common input data agreed on in advance for at least one test point.
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HYDRAULIC MACHINES, RADIAL AND AXIAL - METHODOLOGY FOR
PERFORMANCE TRANSPOSITION FROM MODEL TO PROTOTYPE

1 Scope

This International Standard establishes the prototype hydraulic machine efficiency from model
test results, with consideration of scale effect including the effect of surface roughness.

This document is intended to be used for the assessment of the results of contractual model
tests of hydraulic machines.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

EC 60193, Hydraulic turbines, storage pumps and pump-turbines — Model acceptance tests

3 Terms, definitions, units, subscripts and symbols

For the purposes of this document, the following terms, definitions, units, subscripts and

symbols given in |EC 60193 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp
The International System of Units (Sl, see |SO 80000-4) is used throughout this document. All
terms are given in Sl base units or derived coherent units2. The basic formulae are valid using

these units. Any other system of units may be used after written agreement of the contracting
parties.

NOTE Clarification of any term, definition or unit of measure in question shall be agreed to in writing by the
contracting parties prior to the test.

3.1 Terms and definitions

3.1.1

point

position 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

2 N=kgm-s? Pa=kgm?ls?2 J=kgm?s?2 W=kgm?2s3
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3.1.2

test

collection of points and results adequate to establish the performance of the machine over a
specified range of operating conditions

3.1.3
hydraulic performance
all performance parameters attributable to the machine due to hydrodynamic effects

3.1.4

main hydraulic performance data

subset of the hydraulic performance parameters, i.e. power, discharge and/or specific
hydraulic energy, efficiency, steady-state runaway speed and/or discharge

Note 1 to entry: The influence of cavitation shall be considered.

3.1.5
additional data
subset of hydraulic performance data which can be determined for information on the model

Note 1The prediction of the corresponding prototype data is less accurate than that achievable for the main
hydraulic performance data, due to application of approximate similarity rules.

3.1.6
guarantees
specified performance data contractually agreed to

3.1.7
scaling
transposition of machine efficiency

3.2 List of definitions by topic

Subclause Title
3.3 Subscripts and symbols
34 Geometric terms
35 Physical quantities and properties
3.6 Discharge, velocity and speed terms
3.7 Pressure terms
3.8 Specific energy terms
3.9 Head terms
3.10 Power and torque terms
3.11 Efficiency terms
3.12 Fluid dynamic and scaling terms
3.13 Dimensionless terms
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3.3 Subscripts and symbols
Lo Subscript
Subclause Term Definition or symbol
3.3.1 high pressure a high pressure section of the machine to which the 1
T reference section | performance guarantees refer
[SOURCE: |EC 60193]
3.3.2 low pressure a low pressure section of the machine to which the 2
e reference section | performance guarantees refer (see |EC 60193)
3.3.3 specified subscript denoting values of quantities such as rotational sp
e speed, discharge etc. for which other quantities are
guaranteed
3.3.4 turbine subscript denoting either Model (M), Reference Model (M*) | A, B
e or Prototype (P)
3.3.5 prototype subscript denoting values related to the full size machine P
3.3.6 model subscript denoting values related to the model M
3.3.7 reference model subscript denoting values related to a model and referred M* or *
= to a constant value of Reynolds number, a referred
diameter, a referred water temperature t,,. = 20 °C and a
referred water density at ambient pressure p, = 101 325
Pa and at the reference value of each component surface
roughness, Ra.q),. according to Table 12
3.3.8 specific energy subscript referring to specific hydraulic energy
3.3.9 volumetric subscript referring to discharge Q
3.3.10 torque or disk subscript referring to torque or disk friction T
- friction
3.3.11 reference subscript denoting values related to a specified reference ref
o condition
3.3.12 optimum point subscript denoting the best efficiency point opt
3.3.13 hydraulic subscript referring to a hydraulic diameter value d
T diameter
3.3.14 velocity subscript referring to a velocity value u
3.3.15 hydraulic subscript referring to hydraulic value h
3.3.16 flat plate subscript referring to a flat plate f
3.3.17 individual subscript referring to an individual test point i
3.3.18 component subscript referring to a component of the studied machine CcO
3.3.19 spiral case subscript referring to the spiral case of the studied SP
o machine
3.3.20 stay vane subscript referring to the stay vane of the studied machine | SV
3.3.21 guide vane subsqript referring to the guide vane of the studied GV In general
machine these terms
3.3.22 runner subscript referring to the runner of the studied machine RU > represented
3.3.23 draft tube Subscript referring to the draft tube of the studied machine | DT by CO
3.3.24 stationary part subscript referring to the stationary part of the studied ST
o axial machine
3.3.25 rotating part subscript referring to the rotating part of the runner for disk | TR
T friction power loss
3.3.26 stationary part subscript referring to the stationary part facing the runner TS
e for disk friction power loss
& The terms "high pressure" and "low pressure" define the two sides of the machine irrespective of the
flow direction and therefore are independent of the mode of operation of the machine.
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3.4 Geometric terms

Subclause Term Definition Symbol Unit

3.4.1 radial flow machines [ Francis turbines and Francis type reversible pump- - -
U turbines

3.4.2 axial flow machines Kaplan turbines, bulb turbines and fixed blade propeller |- -
U turbines

3.4.3 reference diameter reference diameter of the hydraulic machine D m

[SOURCE: |EC 60193]

3.4.4 hydraulic diameter 4 times sectional area divided by the circumference of d, m
U the section

3.4.5 diameter of runner maximum diameter of runner crown or runner band, Dy m
o crown or runner band [ whichever larger

3.4.6 radius of runner maximum radius of runner crown or runner band, My m
U crown or runner band [ whichever larger

3.4.7 opening of the opening between two adjacent blades at high pressure |a m
o concerned and low pressure side of the runner/impeller, guide

component vanes or stay vanes.

3.4.8 sand roughness equivalent sand roughness [10] K m

3.4.9 arithmetical mean deviation of the surface profile represented by the Ra m
o roughness arithmetical mean value

3.5 Physical quantities and properties

Subclause Term Definition Symbol Unit
3.5.1 acceleration due to local value of gravitational acceleration at the place of |g m s~2
e gravity testing as a function of altitude and latitude
[SOURCE: |EC 60193]
3.5.2 temperature temperature of water in Celsius t, °C
[SOURCE: |EC 60193]
3.5.3 density of water mass per unit volume of water P Py kg m=3

[SOURCE: [EC 60193

Note 1 to entry: p is commonly used instead of p,

3.5.4 dynamic viscosity quantity characterizing the mechanical behaviour of a u Pas
T fluid

[SOURCE: ISO 8000-4]

3.5.5 kinematic viscosity ratio of the dynamic viscosity to the density of the fluid. | v m?2 s~1
T Values are given as a function of temperature

[SOURCE: [EC 60193
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3.6 Discharge, velocity and speed terms

Subclause Term Definition Symbol Unit

3.6.1 discharge volume of water per unit time flowing through any Q m3 s~1
o section in the system

3.6.2 mass flow rate mass of water flowing through any section of the (0Q) kg st
o system per unit time

3.6.3 discharge of machine | discharge flowing through the high pressure reference |Q, m? s~1
o section

3.6.4 leakage flow rate volume of water per unit time flowing through the q m3 s~1

runner seal clearances

3.6.5 net discharge volume of water per unit time flowing through Q m3 s1
e runner/impeller

Note 1 to entry: This corresponds to Q,-q in case of
turbine and Q,+q in case of pump.

3.6.6 mean velocity discharge divided by the sectional area of water v m st
o passage

3.6.7 peripheral velocity peripheral velocity at the reference diameter u m st
o u=zDn

3.6.8 rotational speed number of revolutions per unit time n st

3.7 Pressure terms

Subclause Term Definition Symbol Unit

3.7.1 ambient pressure absolute pressure of the ambient air Pamb Pa

Note 1 to entry: Values for standard atmosphere are
given as a function of elevation in JEC 60193.

3.8 Specific energy terms

In the International System of Units, mass (kg) is one of the base quantities. The energy per
unit mass, known as specific energy, is used in this document as a primary term instead of
the energy per local unit weight which is called head, and was exclusively used in previous
publications.

The latter term (head) has the disadvantage that weight is a force which depends on the local
value of acceleration due to gravity g, which changes mainly with latitude but also with
altitude. Nevertheless, the term head will still remain in use because it is very common.
Therefore, both related energy terms are listed, the specific energy terms in this subclause
and head terms in 3.9. They differ only by the factor g, which is the local value of acceleration
due to gravity.
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Subclause Term Definition Symbol Unit
3.8.1 specific hydraulic specific energy of water available between the high and | E J kg™?!
T energy of machine low pressure reference sections 1 and 2 of the machine
taking into account the influence of compressibility
SEE |EC 6019
3.8.2 specific hydraulic <turbine> net specific hydraulic energy working on the E., J kg™t
e energy of runner
runner/impeller . )
<pump> Specific hydraulic energy produced by the
impeller
3.8.3 specific hydraulic specific hydraulic energy loss which corresponds to the [E_ J kg™!
e energy loss of energy dissipated between any two sections in the
machine turbine/pump
E, =E-E, =E_+E, = > Eu+DEw
3.8.4 specific hydraulic specific hydraulic energy loss in stationary part which E. J kg™t
e energy loss in includes both friction loss and kinetic loss
stationary part
3.8.5 specific hydraulic specific hydraulic energy loss in runner/impeller which Em J kg™t
e energy loss in includes both friction loss and kinetic loss
runner/impeller
3.8.6 friction loss of specific hydraulic energy loss caused by the friction on | E ; J kg™
e specific hydraulic the surface of water passages
energy
3.8.7 kinetic loss of specific hydraulic energy loss caused by the hydraulic E J kg™t
e specific hydraulic phenomena other than surface friction, such as
energy turbulence, separation of flow, abrupt change of water
passage, etc.
3.9 Head terms
Subclause Term Definition Symbol Unit
3.9.1 turbine net head or | specific energy per local unit weight of water at any H m
e pump delivery head | section
H=E/g
See 3.7.1 for the definition of E
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3.10 Power and torque terms

IEC 62097:2019 © IEC 2019

Full document details: BS EN IEC 62097:2019

Subclause Term Definition Symbol Unit
3.10.1 turbine output or mechanical power delivered by the turbine shaft or to P w
B pump input the pump shaft, assigning to the hydraulic machine the
mechanical losses of the relevant bearings and shaft
seals (see Figures A.1 and A.2)
3.10.2 hydraulic power hydraulic power available for producing power (turbine) | P, W
B or imparted to the water (pump)
P, = E(pQ),
3.10.3 mechanical power mechanical power transmitted through the coupling of P w
B of runner/ impeller [ the runner(s)/impeller(s) and the shaft
3.10.4 power of <turbine> Power produced by the runner corresponding | P, w
B runner/impeller to E_ (pQ,), Or P.P 4
<pump> Power produced by the impeller represented
by E (pQ,)), Or P.P 4
3.10.5 disk friction loss power loss caused by the friction on the outer surface Py W
B of the runner/impeller
3.10.6 mechanical power mechanical power dissipated in guide bearings, thrust Pim W
B losses (bearing loss | bearings and shaft seals of the hydraulic machine
power)
3.10.7 runner/impeller torque transmitted through the coupling of the T N m
B torque runner/impeller and the shaft corresponding to the
mechanical power of runner/impeller, P
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3.11 Efficiency terms
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Subclause Term Definition Symbol Unit
3.11.1 hydraulic efficiency <turbine> ratio of mechanical power of runner to the h -
T hydraulic power
7 =Pn! Py
<pump> ratio of hydraulic power to the mechanical
power of the impeller
m=Pn/Pn
3.11.2 specific hydraulic <turbine> 7 = E_/E e -
energy efficiency
<pump> 7. = E/E
SEE Figures A.1 and A.2
3.11.3 volumetric efficiency | <turbine> Mg = Qu/Qy Mg -
<pump> 75 = Q,/Q,,
SEE Figures A.1 and A.2
3.11.4 power eff_iciency <turbine> n, = P /P, n -
(disk friction
efficiency) <pump> 7. =P /P
SEE Figures A.1 and A.2
3.11.5 mechanical <turbine> n_ = P/P T -
efficiency
<pump> 5. =P_/P
SEE Figures A.1 and A.2
3.11.6 efficiency step-up difference between efficiencies at two hydraulically An -
T similar operating conditions
3.11.7 efficiency step-up ratio of efficiency step-up against considered efficiency |4 -
T ratio An
A=—"L
n
3.11.8 assumed maximum efficiency of an ideal model at a specified Reynolds ThAmax -
B hydraulic efficiency number and with smooth surface roughness without any
hydraulic kinetic losses other than friction and leakage
losses
3.11.9 efficiency correction | correction of standardized loss terms. Keorr -
T coefficient
_ (1"7hMopt)
o (1' UhAmaxM)
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3.12 Fluid dynamics and scaling terms

Subclause Term Definition Symbol Unit
3.12.1 Reynolds number Reynolds number of the machine Re -
D-u
Re=
14
3.12.2 Reynolds number Reynolds number of component passage Re, -
B of component
passage Rey=d,v/v
3.12.3 friction loss friction loss coefficient for a pipe A -
B coefficient for pipe - _FEus
flow Lﬁ
d 2

where d pipe diameter (m)
L pipe length (m)

3.12.4 friction loss friction loss coefficient for a flat plate C; -
T coefficient for a flat E ¢
Cf S ——
plate B-L ws
Q 2

where B width of a flat plate (m)
L length of a flat plate (m)
Q discharge passing by the plate (m3/s)
w relative flow velocity (m/s)

3.12.5 disk friction loss friction loss coefficient for a rotating disc C -
T coefficient PLd
Cm=—7
4 3 5
- -n°-D,
8 Pw d

where D, diameter of the rotating disk (m)

3.12.6 relative scalable scalable specific hydraulic energy loss divided by E, S, -

. e E
hydraulic energy which is dependent on Reynolds number and
loss roughness (in most cases, it is represented in %)
o = E{/E
3.12.7 relative non- non-scalable specific hydraulic energy loss divided by S -
B scalable hydraulic E, which remains constant regardless of Reynolds
energy loss number and roughness
S, = EL/E
3.12.8 reference scalable S value for a model with smooth surface operating at a | o, -
hydraulic energy reference Reynolds number Re = 7 x 10°
loss
3.12.9 reference scalable | 5 . for each component passage Secoref -

hydraulic energy
loss in component

passage
3.12.10 relative disk friction | disk friction loss P, , divided by P | Or -
loss S = PLg
T =—2
Pm
3.12.11 reference disk Sr value for a model with smooth surface operating at a Orret -
friction loss reference Reynolds number Re, = 7 x 10°

3.13 Dimensionless terms

Machine performance may be characterized by dimensionless terms based on E=1, D =1
and p=1oronn=1, D=1 and p=1. The units are: H (m); D (m); E (J-kg1); n (s71);
p (kg-m=3); T (N-m); P (W); Q (m3-s71). The relations of these dimensionless terms to other
existing definitions are given in annex of .
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Subclause Term Definition Symbol Unit
3.13.1 flow velocity factor |ratio of the maximum relative flow velocity in each Kico -
T for each component | component passage against the peripheral velocity u
passage
Vco
K, =—
uco u
3.13.2 dimension factor ratio of the hydraulic diameter of each component Kyco -
B for each component | passage against the reference diameter
passage
Kdco = dnco
D
dimension factor ratio of the diameter of the runner crown or runner band | « -
3.13.3 ; i . . T
for disk friction loss | against the reference diameter
Dy
KT =—
LY
3.13.4 scalable hyd_raulic <all components of radial machine> decoref -
energy loss index
for each component decoref = Secoret
passage 1+0,351x (xyco - Kgco )2
<runner of axial machine>
d _d _ SECOref
ECOref = YERUref = 0.2
1+ 0,25 x (kyco - Kgco )™
<stationary component of axial machine>
decorer = desTrer = 00123
3.13.5 scalable disk o STref o -
e ) Tref =——— &
friction loss index re 1+0154 KT0'4
3.13.6 loss distribution ratio of scalable loss to total loss \ -
B factor s
V =
1-m,
3.13.7 specific speed specific speed NQE -
0,5
_n-Q
Noe = g075
3.13.8 speed factor speed factor Nep -
_nD
Nep = £05
3.13.9 discharge factor discharge factor Qep -
Q
Qep = Dz'éoys
3.13.10 power factor power factor Peo -
P
Pp=——m ——
ED p1W~D2~E1'5
3.13.11 energy coefficient energy coefficient Eb -
E
B0 =7 57
3.13.12 discharge discharge coefficient Qupb -
B coefficient o
__ @
QnD - n-D3
3.13.13 power coefficient power coefficient P -
P
Pp=——m1
" pry-n°-D°
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4 Scale-effect formula

4.1 General
4.1.1 Scalable losses

The energy flux through hydraulic machines and the various losses produced in the energy
conversion process in a hydraulic machine can be typically illustrated by the flux diagrams
shown in A.1.

One of the main features of the transposition formula as stated in this document is the
separate consideration of three efficiency components. They are specific hydraulic energy
efficiency g, volumetric efficiency 19 and power efficiency 7. Scale effect on each of these
efficiency components is considered in this document.

Among the losses corresponding to these efficiency components, the following losses are
subject to scale effect by the difference of Reynolds number and the relative roughness. Then
these losses are referred to as “scalable losses” in this document.

— Specific hydraulic energy loss due to friction: Ej;

— Leakage loss: q
— Disk friction loss: P 4

The relative magnitude of each scalable loss to each corresponding performance parameter is
given as a function of the specific speed for each type of machine, except for discharge
(6g =Eif/E and o1 =P g/Py)-

E ¢ is the sum of the friction loss in various parts of the machine and it is expressed as the
sum of the friction loss in each component as E; :ZELfCO' The scale effect on this loss is

caused by the difference of Reynolds number and relative roughness between turbine A and
turbine B and assessed by the formula 1.

The rest of the specific hydraulic energy loss is called “kinetic loss" or “non-scalable loss" and
expressed as E =ZEcho . It is considered that the ratio E |, /E, remains the same through

the turbine A and the turbine B.

Similarly to E 4, the scale effect on the disk friction P 4 is caused by the difference in
Reynolds number and the relative roughness of the outer surface of the runner/impeller
between the turbine A and the turbine B. However, due to the presence of the radial flow and
the distortion of the boundary layer in the limited space between the runner/impeller and the
stationary parts, the scale effect on P 4 appears in a slightly different manner than on E ;. Itis
considered in this document that the scale effect on the disk friction is assessed by a scale
effect shown in formulae D.7 to D.9.

In case of axial flow machines, the friction loss of the surface of runner hub is negligibly small
and its scale effect is disregarded.

The scale effect on the leakage loss, g, is caused by the change of the friction loss coefficient
of the seal clearance of the runner/impeller. In most cases, the leakage loss itself is minor
and the scale effect on this loss is relatively very small.

In case that the geometry of the seal is maintained homologous between a turbine A and a
turbine B within the criteria given in Table 1, the scale effect on the leakage loss is
disregarded and the volumetric efficiencys of turbines A and B are considered equal.

Otherwise it is recommended to use the correction formula for 7 as set out in Annaééuments
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In summary, the following efficiencies are adressed:

— For radial machines:

o scale effect on losses: g, 1

e correction in case of non homologous seals on 74
— For axial machines:

e scale effect on losses: 7
4.1.2 Basic formulae of the scale effect on hydrodynamic friction losses

One feature of the scale effect formula is the consideration of surface roughness.

Following mathematical models are used to describe the physical effect of surface roughness
on water flow:

— friction in a pipe

— friction on a flat plate

— disk friction

For pipe friction flow, the Colebrook diagram is usedand the implicit Colebrook formula can be
simplified into an explicit expression as shown below (see B.1).

0,2
A= 1{0,74(8 x10° k—5+ﬂJ + 0,26] (1)
h Reg
where
Re. is 7x10°
20 is a constant equal to 0,008 5
K is the sand roughness
dy, is the hydraulic diameter of the water passage
Rey is the Reynolds number of the water passage defined as Rey = dn v :Og‘—’VRe
v -u

Regarding the relationship between the sand roughness kg and Ra, wide spread results have
been reported so far. In this document, however, it is considered that the relationship can be
expressed by the following formula:

—= ~5__ 2
dr ar (2)
Then, Formula 1 is rewritten as follows:
0,2
A= 0,74x[4x105?+(?—.u-%J +0,26 (3)
h h 'V e

Figure 1 sketches the basic concept for the loss transposition from a turbine A to turbine B
including different examples of surface roughness:

— Bj: machine with very rough surface with decrease of efficiency compared to tuBine A
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— B,: machine of reasonable roughness

— Bj: smooth machine.

Rough surface
/

// Smooth surface
/

: Re : ReE

IEC
Figure 1 — Scale effect considering surface roughness

In order to calculate the difference of hydraulic efficiency between two hydraulically similar
operating points A and B at different Reynolds numbers and different surface roughness
conditions, the following formulae can be derived by using Formula 3 (see Annex A.2.2).

An An =4
Aep g = —E = Oeref (%] (4)
'IEA ref

The Colebrook diagram is valid for pipe flow, but it can be demonstrated that also friction loss
coefficients of flat plate flow can be approximated with sufficient accuracy by similar formulae
as shown below.

k Re 02
C; =Cy | 080x|10° =S+ | 020
L Re;

)
0,2
=Cy .{o,sox(s x10° %+ﬁ-%] +0,20]

L-w Re
where
Reret s 7x108
Cto is a constant equal to 0,003 2
Re is the Reynolds number of the plate Ref = L.w _L-w -Re
v D-u
L is length of the plate
w is the relative flow velocity on the plate

By replacing 4 in Formula 4 by C; given by Formula 5, Formula 4 is used to calculate the
scale effect of the friction loss of runner blades of axial flow machines. Documents
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Similar formula of friction loss coefficient for disk friction is established as follows
(See Annex D and [8]).

k Re. )°
Crpy =Cpo -1 085 x (1,5 x10% =T +—“9fj +015
rq Re;

(6)

02
2
_C,o-|085x| 75x104 R8T, D° Rt | 415
Iy 2r,> Re

o s 7x10°

Cmo is a constant equal to 0,001 9

KT is the equivalent sand roughness corresponding to Ra; kgt =5 x Ray

Ra; is the weighted average of the arithmetical mean roughness of the outer surface of the
runner and the surface of the stationary part facing to the runner as given by
Formula 13

Re; is the Reynolds number of the disk defined by

rqg - rqg - 2r D
Re; = -4 ©_ld '@ Re-2'd Re-"d Re
v D-u D? 2D?
rq radius of runner crown or band, whichever larger (m)
w angular velocity of the disk (rad/s)

By using Formula 6, the transposition formula for power efficiency (disk friction) is obtained as
follows (see A.2.4):

Ant Cma —Cmp
ATALB = OTref [% (7)
mre

4.2  Specific hydraulic energy efficiency
4.2.1 General

The scalable losses &g, as appeared in Formula 4 refer to those of a model with smooth

surface operating at a reference Reynolds number Re,; = 7 x 10%. They have been
established as a function of type and specific speed of a hydraulic machine. They are
standardized and set out in Annex B for radial flow machines and Annex C for axial flow
machines.

By putting the scale effect formula of Formula 3 into Formula 4, the following formula for the
individual step-up for a machine component is derived (see B.2).

Aneco
Aecop g = = OECOref

Acoa —Acos J
TEA

Acoref

Ra 7x10° )"° Ra 7x108 )°

coA , X J —(4><105Kuco cop , ~X (8)

Da Re Dg Reg
Documents

Document Sharing Hub

Aecoass = Yecorer - [[4 X 105Kuco

Full document details: BS EN IEC 62097:2019


http://www.avadocuments.com/doc/bs-en-iec-62097-2019
http://www.avadocuments.com/doc/bs-en-iec-62097-2019

- 26 — IEC 62097:2019 © IEC 2019

where

Secoref IS the reference scalable loss for each component passage (see A.2.2 and B.2.2)
Kuco is the flow velocity factor for each component passage (see B.2.1)

decores IS the reference scalable loss index for each component passage (see B.2.2)

Then the transposition of the specific hydraulic energy for the whole machine can be
calculated by the formula below:

Ang
Xpg=—= Z %copssB 9)
EA

The structure of formula is valid for all types of hydraulic reaction machines.

4.2.2 Radial flow machines

For radial flow machines, Formula 8 allows to calculate the individual scaling in the various
components, using dgcores @aNd xycoWhich have been established in 6.3.2 and 6.3.3 for each

individual component from spiral case to draft tube.

4.2.3 Axial flow machines

For axial flow machines, the scalable loss is divided into two parts, stationary parts and
runner blades. The efficiency scaling ratio for the scalable loss of stationary parts, 4ggt, can

be obtained by Formula 8 in the same way as for radial flow machines. In this case, it is
considered that the representative flow velocity factor x,g1 for all stationary parts can be
represented by 0,8 times the flow velocity factor for guide vanes; namely, «,gt =08xx,gy -

The value of kg7t is shown in 6.3.4.

As stated in 4.1.2, scale effect formula for flat plate represented by Formula 5 is supposed to
be applied to runner blades.

0,2 0,2
RaRUA 7><106 5 RaRUB 7><106 (10)
=d A1 5x10%kypy  —RYA L 2522 1 1 5x10%kpy —RYB S
Zery = deRuU ref {[ URU Da Rex uRU Dg Res

4.3 Volumetric efficiency
The influence of Reynolds number on the volumetric efficiency is considered negligible in

case that the geometrical configuration of clearances, labyrinths, balancing holes/pipes is
similar at both model and prototype.

The influence of the seal geometry is considered negligible when the deviation is within the
limits of Table 1 hereafter.
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Table 1 — Permissible deviation of the geometry of model seals from the prototype

Dimensions and design Permissible deviation from
the prototype
Radial clearance of runner seals 2 0~ +20%
Diameter of seal + 5%
Axial length of seal clearances 2 0~ -20%
Number of steps or grooves should be the same
Shape of steps or grooves (see Annex F) shall be homologous

NOTE In case of axial flow machines, the words marked by 2 should be read as "blade tip
clearances" and “thickness of blade tip”, respectively. Only these two criteria for radial clearance
and thickness of blade tip should be applied.

If the homology of the runner seals of model and prototype can not be fulfilled, the volumetric
efficiency has to be adjusted according to the following formula:

Ang  noB
Aqpop = =21 (11)
oA QA

Unless there is a different agreement between parties, it is recommended to use the formula
given in F.2 for the calculation of AQ .

4.4  Power efficiency (disk friction)
4.4.1 Radial flow machines

Disk friction has a significant impact on the efficiency of low specific speed radial machines.
The following power transposition formula, Formula 12, is obtained by putting Formula 6 into
Formula 7. It describes the variation of power efficiency of radial flow machines due to the
difference in Reynolds number and surface roughness (see Annex D).

A _Ant s [ Cma—Cme
TA-B - nTA C e Croref

2

0,2 0
Ra 6" Ra 6"
Therefore 4r, 5 = Orper || 75x10% k7 — 1A PRLAE I 75x10% ko — 1B $ 1107 (12)
Dy Re, Dg Reg

where

Stref =1—nre IS the reference disk friction loss (see A.2.4)

Aref is the scalable disk friction loss index (see D.2)
KT is the dimension factor for the disk relating to disk friction loss (see D.1)
Rart is the representative roughness given by Formula 13.

4.4.2 Axial flow machines

For axial flow machines, the runner hub friction induces neglectible losses compared to
hydraulic losses. Therefore, At is set at zero for axial flow machines.
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5 Surface roughness of model and prototype

5.1 General

Surface roughness has major impact on friction losses and therefore on machine efficiency.

Refining surface roughness increases efficiency but also costs, as shown in Figure 2.
Moreover, the roughness of the prototype should not be finer than the roughness expected
after some period of operation.

Recommended
range of surface
roughness

&

S Efficiency =

= o

w O

\— Cost
Fine Roughness Rough

IEC
Figure 2 — Impact of surface roughness on turbine efficiency and costs

The improvement of the efficiency achievable by the replacement of some components can be
assessed by comparing the efficiencies calculated with the roughness measured on the
existing components and with the design values for the new components.

In case of rehabilitation projects,

— for the assessment of the efficiency improvement, the roughness of the prototype
components shall be measured on the existing unit whenever possible or agreed upon
between parties;

— roughness data of those components not to be replaced shall be provided by the owner
with the specification or agreed upon between parties.

5.2 Measurement of surface roughness
5.2.1 Procedure

The measurements shall correctly represent the average surface roughness of each
component.

It is recommended to follow the normative references presented in Clause 2.

The use of a stylus type digital microprofiler for Ra < 50 um and a digital depth indicator for
Ra > 50 um is recommended. The expected Ra uncertainty is £ 20 % of the reading for a
digital microprofiler and + 40 % of the reading for a digital depth indicator. These uncertainty
values have been estimated from measurements done by different users also writers of this
document, but method of measuring (including instrument) can amplify this value of
uncertainty.

The roughness should be measured at specific locations. The arithmetic average for each
component should be used, keeping the distribution of points as stated below.

— Spiral case: 9 points or more; at 3 radial sections: entrance, middle, end of Casﬁocuments
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— 2 stay vane channels: 6 points or more per stay vane channel; 2 points per side of the
vane, 1 point on the top of the channel, 1 point on the bottom of the channel

— 2 guide vane channels: 10 points or more per guide vane channel between 2 guide vanes;
6 points on the inner side of the guide vane, 2 points on the outer side of the guide vane,
1 point on the top of the channel, 1 point on the bottom of the channel

— 3 runner channels: 10 points or more per channel considering:

e for radial machines: 3 points in region A on suction side, 3 points in region A on
pressure side, 1 point region B on suction side, 1 point region B on pressure side, 1
point on the crown and 1 point on the band (regions A and B are defined Figure 3)

e for axial turbines: 5 points on suction side and 5 points on pressure side (see Figure 4)
— Draft tube: 10 points or more; with 70 % of them upstream of the bend

— Stationary part for disk friction: 4 points or more at the areas facing to the sample points
of runner.

— Rotating part for disk friction:
e Runner outer crown:2 points or more near outer periphery
¢ Runner outer band: 2 points or more near outer periphery
Since the roughness of the rotating part has dominant influence of the disk friction torque, the

weighted mean roughness as given by the following formula shall be used for Rag in
Formula 13.

Rar :m (13)

where
Ragr is the average roughness of those measured on the rotating part
Ragg is the average roughness of those measured on the stationary part

The surface roughness shall be measured as it appears in actual operation. Painted surface
shall be measured over the paint coat.

For axial flow machines, the roughness value given by Formula 14 shall be used as a
representative roughness for all stationary parts.

Rag, +Ragy

Ragr = 5

(14)

5.2.2 Roughness of model and prototype

The model is known to have a very good uniformity of roughness per component. When this is
the case, 2 to 4 measuring points per component are sufficient. For repetitive built
components, like stay vanes, guide vanes and runner blades, measurement on at least 2
repetitive components is recommended.

Design values for the prototype roughness, which are provided by the supplier or agreed
upon, shall be used as the roughness of the prototype. When the machine components are
completed in the factory, the surface roughness shall be measured. It is recommended to
verify that the average value of the measured roughness of each component is equal or finer
than the design roughness for the component.
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5.2.3 Measurement of very rough surfaces

For the measurement of rough surfaces of old machines, the recommendations described
below for Ra values larger than 50 um such as found for heavily rusted surfaces shall be
taken into consideration.

On old machines, the roughness values are often beyond any existing portable roughness
tester range which makes the measurement difficult.

In these situations, one method is to take molds at most representative locations using
appropriate plastic material and measure the roughness of these moulds, using mutually
agreed methods to find an equivalent Ra value.

Another method is to measure the average depth of these surfaces, using a depth indicator,
preferably a dial indicator to speed up the measurement. The plunger tip of the indicator shall
be sharp, with an angle of approximately 30 degrees total, relative to a vertical line. The
measurement locations should be as indicated in 5.2.1. The average roughness depth thus
measured for each component shall be divided by a factor of 10 in order to obtain
approximately the equivalent Ra value 3. With this method, there is no need to have a special
consideration for surfaces having deep voids, provided that the area having these voids is
considered relatively small, (less than 10 % of the component total area).If the area with deep
voids is significant, mutual agreement on how to take these deep voids into account should
take place.

For these heavily rusted and very rough surfaces, comparison coupons could also be used, if
interpretation of those coupons and conversion to equivalent Ra is mutually agreed.

Special attention shall be given to choose the meaningful roughness values from the
measurements. Based on the current state of knowledge, it is believed that areas having
scattered deep voids do not create as much losses as their measured value would indicate.
Indeed, the stream lines over such areas pass over the voids without reaching the bottom and
do not create significantly larger losses. Therefore, it is recommended to ignore areas with
recess deeper than approximately 1,5 mm.

Once the above considerations have been taken into account, the relationship between kg
and Ra as expressed by Formula 2 can be tentatively applied also to heavily rusted surfaces.

5.3 Surface roughness ranges

Table 2 shows the recommended range of model roughness in order to optimize the
transposition procedure detailed in chapter 8.

Table 2 — Recommended roughness range for the model

Component SP SV GV RU DT TR TS
Racom (»m) 0,4t01,6 0,4t0 1,6 0,2t00,8 0,2t0 0,8 0,4t01,6 0,4t01,6 0,4t01,6

Table 3 and Table 5 show the minimum recommended surface roughness for prototype
components below which no more increase in efficiency is expected. Table 4 and Table 6
show the maximum recommended roughness for prototype components of new turbines.

3 Note that this factor of 10 is based on a single case study of an old Francis turbine, where an efficiency test
was performed before and after refurbishing the stay vane and guide vane passages. More case studies and
research are needed to confirm this factor.
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Table 3 — Minimum recommended prototype roughness
for new radial or diagonal machines

Specific hydraulic energy, E (J/kg)
Roughness (um) applied on 300 850 1400 3 000 8 000

Spiral casing Ragp 25,0 23,2 23,2 23,2 23,2
Stay vane channel Rag,, 25,0 23,2 21,6 >1,6 21,6
Guide vane channel Rag, 21,8 21,4 21,02 20,82 20,82
Runner channel Rag, 21,8 21,4 21,08 20,82 20,82
Draft tube Rag; 250 > 3,2 23,2 23,2 23,2
Rotating part Ra g 25,0 23,2 >1,6 >1,6 21,6
Stationary part Ra g 250 23,2 21,6 21,6 >1,6
& There are indications that small Ra values may deteriorate within a few months. Further studies are required

in order to better understand the phenomena taking place with the surface finish once a machine is in

operation for a few months.
NOTE Roughness values for intermediate specific hydraulic energy shall be linearly interpolated.

Table 4 — Maximum recommended prototype roughness
for new radial or diagonal machines

Specific hydraulic energy, E (J/kg)

Roughness (um) applied on <2000 > 2 000
Spiral casing Ragp < 25,0 <12,5
Stay vane channel Rag,, < 25,0 <12,5
Guide vane channel Rag,, <125 <6,3
Draft tube Rapy; < 25,0 <12,5
Rotating part Ra g < 25,0 <12,5
Stationary part Ra g < 25,0 <12,5

|
| |
| |
| |
. __ L.
! |
| |
! |
| |
| |
! |
| |
|
|
|
Turbine | Turbine Pump-turbine
E<2000Jkg™ E>2000Jkg™ [EC
Figure 3 — Surface roughness regions for Francis runner blades
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Table 5 — Minimum recommended prototype roughness for new axial turbines

Specific hydraulic energy, E (J/kg)

Roughness (um) applied on 30 130 300 600
Spiral casing Ragp 26,3 24,0 = 3,2 22,0
Stay vane Rag,, 26,3 24,0 23,2 22,0
Guide vane Ragy 26,3 24,0 23,2 22,0
Runner Rag, 224 21,3 20,8a 20,62
Draft tube Rag; 26,3 24,0 23,2 22,0

a8 There are indications that small Ra values may deteriorate within a few months. Further studies are

required in order to better understand the phenomena taking place with the surface finish once a machine
is in operation for a few months.

NOTE Roughness values for intermediate specific hydraulic energy shall be linearly interpolated.

Table 6 — Maximum recommended prototype roughness for new axial turbines

Specific hydraulic energy, E (J/kg)
Roughness (um) applied on < 300 > 300
Spiral casing Ragp <25,0 <12,5
Stay vane channel Rag,, < 25,0 <125
Guide vane channel Ragy <12,5 <6,3
Runner channel Rag, <6,3 <3,2
Draft tube Rap, < 25,0 <12,5
|
|
|
1
1
! IEC

Figure 4 — Surface roughness region for axial flow runner blade

6 Standardized values of scalable losses and pertinent parameters

6.1 General

The values of dgcgref and x,co to calculate the transposition of specific hydraulic energy
efficiency and those of dq,o; and xy to calculate the transposition of power efficiency (disk
friction) are defined in this clause. These values refer to machine with hydraulically smooth
surface at reference Reynolds number Re 4 = 7 x 106.
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6.2 Specific speed

A hydraulic machine of any type can be described by its specific speed at the point of
optimum efficiency which is calculated by the following formula:

05

05 _ Qnmp”’

Nge =—F575— O Nge=NepQep ~ =—"5r (15)
E™ Enp

where

E s the specific hydraulic energy of machine (J kg™1)

Q, is the discharge of machine (m3/s)

n s the rotational speed (s™1)

For reversible pump-turbines, the specific speed at each maximum efficiency point when

operating as a turbine or as a pump, should be calculated and taken as a reference to obtain
the scalable losses in turbine or pump operation, respectively.

During transposition, the shift in specific hydraulic energy, volumetric discharge and power
induces a shift in NQE. However this difference is very small, for example, 1 % of change in

Ngg results in an efficiency difference less than 0,01 %.

As the specific speeds of different machines from different manufacturers for the same
specified prototype conditions are quite close, it is possible to fix dgcorets Xycor Arer aNd #p
in advance in a specification. Also, for a comparative model test, common values of dgcoyefs
Kucor dtref @and x4 should be defined and agreed upon prior to set in efficiency guarantees.

6.3 Parameters for specific hydraulic energy efficiency transposition
6.3.1 General

Once an investigated hydraulic machine is described by its specific speed, the factors dgcoyes
and x,co can be determined by the formulae shown in Tables 4, 5, 6 and 7.

6.3.2 Francis turbines

Table 7 — Standardized scalable loss index dgcoyet
and standardized velocity factor x,c for Francis turbines

Component passage decore Kico
Spiral case Oesprer = 0,40/ 100 xusp =—0,5 Nog +0,33
Stay vanes desvref = (— Noe +0,40)/100 xysy =-14Ngg +0,60
Guide vanes deGuref = (~2.9NgE +165)/100 KuGv = -33NgE +129
Runner deRuref = (34 Nog +0,55)/100 KkurU = -13 Ngg +0,90
Draft tube depTref = (0.5 Ngg +0,05)/100 Ko7 =0,28
NOTE The above formulae are valid for 0,06 < Noe < 030. Outside of this range the values are not
validated. In this case, if the transposition formulae are applied to the evaluation of the contractual model
test results, prior agreement shall be made among the concerned parties.
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Table 8 — Standardized scalable loss index dgcq.ef and standardized velocity factor
K, co for pump-turbines in turbine operation

Component passage

dECOref

Kuco

Spiral case

despret = 0,45/ 100

Kysp = —0,5 NQE + 0,34

Stay vanes

dESVref = (— NQE + 0, 45)/100

Kysyv = —1,4 NQE + 0,57

Guide vanes

deGvref = (- 29 Ngg +165)/100

Kugy =-3,3 NQE +1,23

Runner

deruref = (3.4 Nge +135)/100

KyRU = —1,3 NQE +O,87

Draft tube

depTref =(05Ngg +0,05)/100

KuDT = 0,31

NOTE The above formulae are valid for 0,06 < NQE <0,20. Outside of

validated. In this case, if the transposition formulae are applied to the evaluation of the contractual model
test results, prior agreement shall be made among the concerned parties.

this range the values are not

6.3.3.2

Pump operation

Table 9 — Standardized scalable loss index dgcoef and standardized
velocity factor x,co for pump-turbines in pump operation

Component passage decoret K,co
Spiral case desprer =0,45/100 xysp =—-05Ngg +0,31
Stay vanes desvrer = (- Nge +0,50)/100 Kysv =-14Nog +0,53

Guide vanes

deGvref = (- 29 NgE +165)/100

Kygy =-3.3 NQE +0,96

Runner

deruref = (3,4 Noe + 155)/100

KyrU =-13 NQE +0,79

Draft tube

deprrer =(0.5 NoE + 0,05)/100

KuDT = 0,27

NOTE The above formulae are valid for 0,06 <Ngg <0,20. Outside of

validated. In this case, if the transposition formulae are applied to the evaluation of the contractual model
test results, prior agreement shall be made among the concerned parties.

this range the values are not

6.3.4

Axial flow machines

Table 10 — Standardized scalable loss index dgcoyet
and velocity factor &, for axial flow machines

Component passage decoret K,co
Runner deruret = 2,45/100 kyry =103
All stationary parts desTret =1,23/100 xusT =019

NOTE The above formulae are valid for O,ZSSNQE <0,70. Outside of this range the values are not

validated. In this case, if the transposition formulae are applied to the evaluation of the contractual model
test results, prior agreement shall be made among the concerned parties.
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6.4 Parameters for power efficiency (disk friction) transposition

6.4.1 Francis turbines

The following formulae shall be used to obtain dy,; and x7 (see D.3).

0,004 1
dref =[0,44+ Jx for 0,06 < Ngg < 0,30 (16)
NQE
k1 =-57Ngg +20 or 1,0 whichever larger (17)

The dq,¢s formula is valid in the corresponding specific speed range. Outside of this range the
values are not validated. In this case, if the transposition formulae are applied to the
evaluation of the contractual model test results, prior agreement shall be made among the
concerned parties.

6.4.2 Pump-turbines
6.4.2.1 Turbine operation

The following formulae shall be used to obtain d1,; and x7 (see D.3).

0,012 1
dref =[0,97+ 5 ]x for 0,06 < Ngog < 0,20 (18)
NQE
k1 =-83Nge +27 or 1,0 whichever larger (19)

The dq,¢s formula is valid in the corresponding specific speed range. Outside of this range the
values are not validated. In this case, if the transposition formulae are applied to the
evaluation of the contractual model test results, prior agreement shall be made among the
concerned parties.

6.4.2.2 Pump operation

The following formulae shall be used to obtain d,,; and x7 (see D.3).

0,015 1
drref :[123+ 2 JXW for 0,06 < Ngg < 0,20 (20)
QE
k1 =-T5Ngg +27 or 1,0 whichever larger (21)

The dq,¢s formula is valid in the corresponding specific speed range. Outside of this range the
values are not validated. In this case, if the transposition formulae are applied to the
evaluation of the contractual model test results, prior agreement shall be made among the
concerned parties.

6.4.3 Axial flow machines

For axial flow machines, the runner hub friction induces neglectible losses compared to
hydraulic losses. Therefore, drf is set at zero for axial flow machines.
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