
 

IEC 62097
Edition 1.0 2009-02

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE

Hydraulic machines, radial and axial – Performance conversion method from 
model to prototype 
 
Machines hydrauliques, radiales et axiales – Méthode de conversion des 
performances du modèle au prototype 
 

IE
C

 6
20

97
:2

00
9 

  
  

® 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009



 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2009 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by 
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or 
IEC's member National Committee in the country of the requester. 
If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, 
please contact the address below or your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite 
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie 
et les microfilms, sans l'accord écrit de la CEI ou du Comité national de la CEI du pays du demandeur.  
Si vous avez des questions sur le copyright de la CEI ou si vous désirez obtenir des droits supplémentaires sur cette 
publication, utilisez les coordonnées ci-après ou contactez le Comité national de la CEI de votre pays de résidence. 
 

IEC Central Office 
3, rue de Varembé 
CH-1211 Geneva 20 
Switzerland 
Email: inmail@iec.ch 
Web: www.iec.ch 

 

About the IEC  
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies.  
 

About IEC publications 
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 Catalogue of IEC publications: www.iec.ch/searchpub 

The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,…). 
It also gives information on projects, withdrawn and replaced publications.  
 IEC Just Published: www.iec.ch/online_news/justpub 

Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available 
on-line and also by email.  
 Electropedia: www.electropedia.org 

The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions 
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical 
Vocabulary online. 
 Customer Service Centre: www.iec.ch/webstore/custserv 

If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service 
Centre FAQ or contact us: 
Email: csc@iec.ch 
Tel.: +41 22 919 02 11 
Fax: +41 22 919 03 00 
 
 

A propos de la CEI  
La Commission Electrotechnique Internationale (CEI) est la première organisation mondiale qui élabore et publie des 
normes internationales pour tout ce qui a trait à l'électricité, à l'électronique et aux technologies apparentées. 
 

A propos des publications CEI  
Le contenu technique des publications de la CEI est constamment revu. Veuillez vous assurer que vous possédez 
l’édition la plus récente, un corrigendum ou amendement peut avoir été publié. 
 Catalogue des publications de la CEI: www.iec.ch/searchpub/cur_fut-f.htm 

Le Catalogue en-ligne de la CEI vous permet d’effectuer des recherches en utilisant différents critères (numéro de référence, 
texte, comité d’études,…). Il donne aussi des informations sur les projets et les publications retirées ou remplacées. 
 Just Published CEI: www.iec.ch/online_news/justpub 

Restez informé sur les nouvelles publications de la CEI. Just Published détaille deux fois par mois les nouvelles 
publications parues. Disponible en-ligne et aussi par email.  
 Electropedia: www.electropedia.org 

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et 
définitions en anglais et en français, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé 
Vocabulaire Electrotechnique International en ligne. 
 Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm 

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du 
Service clients ou contactez-nous: 
Email: csc@iec.ch 
Tél.: +41 22 919 02 11 
Fax: +41 22 919 03 00 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009

mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch


 

 

IEC 62097
Edition 1.0 2009-02

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE

Hydraulic machines, radial and axial – Performance conversion method from 
model to prototype 
 
Machines hydrauliques, radiales et axiales – Méthode de conversion des 
performances du modèle au prototype 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE XC
ICS 27.140 

PRICE CODE
CODE PRIX

ISBN 978-2-88910-619-6

  
  

® Registered trademark of the International Electrotechnical Commission 
 Marque déposée de la Commission Electrotechnique Internationale 

® 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009



 – 2 – 62097 © IEC:2009 

CONTENTS 

FOREWORD...........................................................................................................................5 
INTRODUCTION.....................................................................................................................7 
1 Scope...............................................................................................................................9 
2 Normative references .......................................................................................................9 
3 Terms, definitions, symbols and units ...............................................................................9 

3.1 System of units .......................................................................................................9 
3.2 List of terms ............................................................................................................9 

3.2.1 Subscripts’ list .............................................................................................9 
3.2.2 Terms, definitions, symbols and units ........................................................ 10 

4 Scale-effect formula .......................................................................................................13 
4.1 General .................................................................................................................13 

4.1.1 Scalable losses ......................................................................................... 13 
4.1.2 Basic formulae of the scale effect on hydrodynamic friction losses ............ 15 

4.2 Specific hydraulic energy efficiency .......................................................................17 
4.2.1 Step-up formula .........................................................................................17 
4.2.2 Roughness of model and prototype............................................................ 19 
4.2.3 Direct step-up for a whole turbine .............................................................. 22 

4.3 Power efficiency (disc friction) ...............................................................................23 
4.3.1 Step-up formula .........................................................................................23 
4.3.2 Roughness of model and prototype............................................................ 23 

4.4 Volumetric efficiency .............................................................................................24 
5 Standardized values of scalable losses and pertinent parameters .................................. 24 

5.1 General .................................................................................................................24 
5.2 Specific speed.......................................................................................................25 
5.3 Parameters for specific hydraulic energy efficiency step-up................................... 25 
5.4 Parameters for power efficiency (disc friction) step-up........................................... 26 

6 Calculation of prototype performance .............................................................................27 
6.1 General .................................................................................................................27 
6.2 Hydraulic efficiency ............................................................................................... 27 
6.3 Specific hydraulic energy ...................................................................................... 28 
6.4 Discharge..............................................................................................................28 
6.5 Torque ..................................................................................................................29 
6.6 Power....................................................................................................................29 
6.7 Required input data ...............................................................................................30 

7 Calculation procedure.....................................................................................................31 
Annex A (informative)  Basic formulae and their approximation ............................................. 33 
Annex B (informative)  Scale effect on specific hydraulic energy  losses of radial flow 
machines .............................................................................................................................. 43 
Annex C (informative)  Scale effect on specific hydraulic energy losses of axial flow 
machines [10] ....................................................................................................................... 63 
Annex D (informative)  Scale effect on disc friction loss ........................................................ 70 
Annex E (informative)  Leakage loss evaluation for non homologous seals ........................... 76 
Bibliography.......................................................................................................................... 83 
 
Figure 1 – Basic concept for step-up considering surface roughness .................................... 16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009



62097 © IEC:2009 – 3 – 

Figure 2 – IEC criteria of surface roughness given in Tables 1 and 2 .................................... 20 
Figure 3 – Francis Runner blade and fillets ...........................................................................21 
Figure 4 – Runner blade axial flow........................................................................................22 
Figure 5 – Guide vanes.........................................................................................................22 
Figure 6 – Calculation steps of step-up values ...................................................................... 32 
Figure A.1 – Flux diagram for a turbine .................................................................................34 
Figure A.2 – Flux diagram for a pump ...................................................................................35 
Figure B.1 – Loss coefficient versus Reynolds number and surface roughness ..................... 44 
Figure B.2 – Different characteristics of λ in transition zone.................................................. 45 
Figure B.3 – Representative dimensions of component passages ......................................... 48 
Figure B.4 – Relative scalable hydraulic energy loss in each component of Francis 
turbine .................................................................................................................................. 54 
Figure B.5 – Relative scalable hydraulic energy loss in each component of pump-
turbine in turbine operation ...................................................................................................55 
Figure B.6 – Relative scalable hydraulic energy loss in each component of pump-
turbine in pump operation .....................................................................................................56 
Figure B.7 – κuCO and κdCO in each component of Francis turbine........................................ 57 
Figure B.8 – κuCO and κdCO in each component of pump-turbine in turbine operation............ 58 
Figure B.9 – κuCO and κdCO in each component of pump-turbine in pump operation ............. 59 
Figure B.10 – dECOref and dEref for Francis turbine ............................................................... 60 
Figure B.11 – dECOref and dEref  for pump-turbine in turbine operation .................................. 61 
Figure B.12 – dECOref and dEref  for pump-turbine in pump-operation .................................... 62 
Figure C.1 – δEref for Kaplan turbines ...................................................................................66 
Figure D.1 – Disc friction loss ratio δTref ...............................................................................72 
Figure D.2 – Dimension factor κT ..........................................................................................74 
Figure D.3 – Disc friction loss index dTref ..............................................................................75 
Figure E.1 – Examples of typical design of runner seals (crown side) ................................... 78 
Figure E.2 – Examples of typical design of runner seals (band side) ..................................... 79 
 

Table 1 – Maximum recommended prototype runner roughness for new turbines (μm).......... 21 
Table 2 – Maximum recommended prototype guide vane roughness for new turbines 
(μm)...................................................................................................................................... 22 
Table 3 – Permissible deviation of the geometry of model seals from the prototype .............. 24 
Table 4 – Scalable loss index dECOref and velocity factor κuCO for Francis turbines............... 25 
Table 5 – Scalable loss index dECOref and velocity index κuCO for pump-turbines in 
turbine operation................................................................................................................... 26 
Table 6 – Scalable loss index dECOref and velocity index κuCO for pump-turbines in 
pump operation..................................................................................................................... 26 
Table 7 – Scalable loss index dECOref and velocity factor κuCO for axial flow machines ......... 26 
Table 8 – Required input data for the calculation of the prototype performance .................... 30 
Table B.1 – dEref and κu0 for step-up calculation of whole turbine ......................................... 51 
Table B.2 – Criteria for the surface roughness for the application of the direct step-up 
formula ................................................................................................................................. 52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009



 – 4 – 62097 © IEC:2009 

Table C.1 – Ratio of 
EST

ESTd
δ

 for Francis turbines and pump-turbines ...................................... 68 

Table C.2 – Parameters to obtain ΔECO for axial flow machines ............................................ 68 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62097:2009
https://standards.iteh.ai/catalog/standards/sist/3d4e9098-70a6-482e-9848-1ce1da192a4b/iec-

62097-2009



62097 © IEC:2009 – 5 – 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 
_____________ 

 
HYDRAULIC MACHINES, RADIAL AND AXIAL –  

PERFORMANCE CONVERSION METHOD  
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 (hereinafter 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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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 IEC 62097 has been prepared by technical committee 4: Hydraulic 
turbines. 

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

FDIS Report of voting 

4/242A/FDIS 4/243/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. 

This publication contains attached files in the form of Excel file. These files are intended to be 
used as a complement and do not form an integral part of this publication. 
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The committee has decided that the contents of this publication will remain unchanged until 
the maintenance result data indicated on the IEC web site under “http://webstore.iec.ch” in the 
data related to the specific publication. At this date, the publication will be  

• recommended; 

• withdrawn; 

• replaced by a revised edition;  

• or amended. 
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INTRODUCTION 

0.1 General remarks 

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

Advances in the technology of hydraulic turbo-machines used for hydroelectric power plants 
indicate the necessity of revising the scale effect formula given in 3.8 of IEC 60193. [1]1 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. [1 - 7] 

The method of calculating prototype efficiencies, as given in this standard, is supported by 
experimental work and theoretical research on flow analysis and has been simplified for 
practical reasons and agreed as a convention. [8 – 10] The method is representing the 
present state of knowledge of the scale-up 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 the inlet and outlet of the runner/impeller. [2] Therefore, 
compared to IEC 60193, a higher attention has to be paid to the geometry of guide vanes. 

According to the present state of knowledge, it is certain that, in most cases, the formula for 
the efficiency step-up calculation given in the IEC 60193 and earlier standards, overstated the 
step-up increment of the efficiency for the prototype. Therefore, in the case where a user 
wants to restudy a project for which a calculation of efficiency step-up was done based on any 
previous method, the user shall re-calculate the efficiency step-up with the new method given 
in this standard, before restudying the project of concern. 

This standard 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 should be taken as 
described in Annex B. 

Due to the lack of sufficient knowledge about the loss distribution in Deriaz turbines and 
storage pumps, this standard does not provide the scale effect formula for them.  

An excel work sheet concerning the step-up procedures of hydraulic machine performance 
from model to prototype is indicated at the end of this Standard to facilitate the calculation of 
the step-up value. 

0.2 Basic features 

A fundamental difference compared to the IEC 60193 formula is the standardization of 
scalable losses. In a previous standard (see 3.8 of IEC 60193:1999 [1]), a loss distribution 
factor V has been defined and standardized, with the disadvantage that turbine designs which 
are not optimized benefit from their lower technological level. 

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

This standard avoids all the inconsistencies connected with IEC 60193:1999. (see 3.8 of [1]) 
A new basic feature of this standard is the separate consideration of losses in specific 
hydraulic energy, disc friction losses and leakage losses. [5], [8 – 10] 

————————— 
1  Numbers in square brackets refer to the bibliography. 
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Above all, in this standard, the scale-up 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 turbine. [10] 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 standard are summarized in Clause 7 and Excel 
sheets are provided as an Attachment to this standard to facilitate the step-up calculation. 

In case that the Excel sheets are used for evaluation of the results of a contractual model 
test, each concerned party shall execute the calculation individually for cross-check using 
common input data agreed on in advance.  
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HYDRAULIC MACHINES, RADIAL AND AXIAL –  
PERFORMANCE CONVERSION METHOD  

FROM MODEL TO PROTOTYPE 
 
 
 

1 Scope  

This International Standard is applicable to the assessment of the efficiency and performance 
of prototype hydraulic machine from model test results, with consideration of scale effect 
including the effect of surface roughness.  

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

2 Normative references 

The following referenced documents are indispensable for the application 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. 

IEC 60193:1999, Hydraulic turbines, storage pumps and pump-turbines – Model acceptance 
tests 

3 Terms, definitions, symbols and units 

3.1 System of units 

The International System of Units (SI) is used throughout this standard. All terms are given in 
SI Base Units or derived coherent units. Any other system of units may be used after written 
agreement of the contracting parties.  

3.2 List of terms 

For the purposes of this document, the terms and definitions of IEC 60193 apply, as well as 
the following terms, definitions, symbols and units. 

3.2.1 Subscripts’ list 

Term Symbol Term Symbol 

model M component CO 

prototype P   

specific energy E spiral case SP 

volumetric Q stay vane SV 

torque or disc friction T guide vane GV 

reference ref runner RU 

hydraulic diameter d draft tube DT 

velocity u stationary part ST 

hydraulic h   

optimum point opt   

off design point off   

 

in general term 
represented by 
CO 
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3.2.2 Terms, definitions, symbols and units 

Term Definition Symbol Unit 

Radial flow machines Francis turbines and Francis type reversible pump-turbines - - 

Axial flow machines Kaplan turbines, bulb turbines and fixed blade propeller 
turbines 

- - 

Reference diameter Reference diameter of the hydraulic machine 

(see Figure 3 of IEC 60193) 

D m 

Hydraulic diameter 4 times sectional area divided by the circumference of the 
section 

dh m 

Sand roughness Equivalent sand roughness  [11] kS m 

Arithmetical mean 
roughness 

Deviation of the surface profile represented by the 
arithmetical mean value 

Ra m 

Acceleration due to 
gravity 

Local value of gravitational acceleration at the place of 
testing as a function of altitude and latitude (see 
IEC 60193) 

g m s–2 

Density of water Mass per unit volume of water  (see IEC 60193) ρ kg m–3 

Dynamic viscosity A quantity characterizing the mechanical behaviour of a 
fluid 

μ Pa s 

Kinematic viscosity Ratio of the dynamic viscosity to the density of the fluid. 
Values are given as a function of temperature. (see 
IEC 60193) 

ν m2 s–1 

Discharge Volume of water per unit time flowing through any section 
in the system 

Q m3 s–1 

Mass flow rate Mass of water flowing through any section of the system 
per unit time 

(ρ Q) kg s–1 

Discharge of machine Discharge flowing through the high pressure reference 
section 

Q1 m3 s–1 

Leakage flow rate Volume of water per unit time flowing through the runner 
seal clearances 

q m3 s–1 

Net discharge Volume of water per unit time flowing through 
runner/impeller. It corresponds to Q1-q in case of turbine 
and Q1+q in case of pump. 

Qm m3 s–1 

Mean velocity Discharge divided by the sectional area of water passage v m s–1 

Peripheral velocity Peripheral velocity at the reference diameter u m s–1 

Rotational speed Number of revolutions per unit time n S–1 

Specific hydraulic 
energy of machine 

Specific energy of water available between the high and 
low pressure reference sections 1 and 2 of the machine 
taking into account the influence of compressibility (see 
IEC 60193) 

E J kg–1 

 

Specific hydraulic 
energy of 
runner/impeller 

Turbine: Net specific hydraulic energy working on the 
runner 

Pump: Specific hydraulic energy produced by the impeller 

Em 

 

Em 

J kg–1 

 

J kg–1 

Specific hydraulic 
energy loss in 
stationary part 

 

Specific hydraulic energy loss in stationary part which 
includes both friction loss and kinetic loss 

ELs J kg–1 

 

Specific hydraulic 
energy loss in 
runner/impeller 

Specific hydraulic energy loss in runner/impeller which 
includes both friction loss and kinetic loss 

ELm J kg–1 

 

Friction loss of 
specific hydraulic 
energy 

Specific hydraulic energy loss caused by the friction on the 
surface of water passages 

ELf J kg–1 
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Term Definition Symbol Unit 

Kinetic loss of 
specific hydraulic 
energy 

Specific hydraulic energy loss caused by the hydraulic 
phenomena other than surface friction, such as turbulence, 
separation of flow, abrupt change of water passage, etc. 

Elk J kg–1 

Turbine net head or 
pump delivery head 

H = E / g H m 

Turbine output or 
pump input 

The mechanical power delivered by the turbine shaft or to 
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) 

P W 

Hydraulic power The power available for producing power (turbine) or 
imparted to the water (pump) 

Ph = E (ρQ1) 

Ph W 

Mechanical power of 
runner/ impeller 

The power transmitted through the coupling between shaft 
and runner (impeller). 

Pm W 

Power of 
runner/impeller 

Turbine: Power produced by the runner corresponding to 
Em (ρQm) or Pm+PLd 

Pump: Power produced by the impeller represented by 
Em(ρQm) or Pm-PLd 

Pr 

 

Pr 

W 

 

W 

Disc friction loss Loss power caused by the friction on the outer surface of 
the runner/impeller 

PLd W 

Bearing loss power Loss power caused by the friction of the shaft bearing and 
shaft seal 

PLm W 

Runner/impeller 
torque 

Torque transmitted through the coupling of the 
runner/impeller and the shaft corresponding to the 
mechanical power of runner/impeller, Pm. 

Tm N m 

Hydraulic efficiency Turbine: ηh=Pm/Ph              Pump: ηh=Ph/Pm ηh - 

Specific hydraulic 
energy efficiency 

Turbine: ηE = Em/Eh              Pump: ηE = Eh/Em 

(see Figures A.1 and A.2) 

ηE - 

Volumetric efficiency Turbine: ηQ = Qm/Q1           Pump: ηQ = Q1/Qm 

(see Figures A.1 and A.2) 

ηQ - 

Power efficiency (disc 
friction efficiency) 

Turbine : ηT = Pm/Pr             Pump : ηT = Pr/Pm  

(see Figures A.1 and A.2) 

ηT - 

Mechanical efficiency Turbine: ηm = P/Pm               Pump: ηm = Pm/P 
(see Figures A.1 and A.2) 

ηm - 

Efficiency step-up Difference between efficiencies at two hydraulically similar 
operating conditions        

Δη - 

Efficiency step-up 
ratio 

Ratio of efficiency step-up against model efficiency 

Mη
ηΔ=Δ  

Δ  

Reynolds number Reynolds number of the machine 

Re = D u / ν 

Re - 

Reynolds number of 
component passage 

Red = dh v / ν Red - 

Friction loss 
coefficient for pipe 
flow 

Friction loss coefficient for a pipe. 

2
v

d
L
E

2
Lf=λ  

where  d pipe diameter (m) 

           L pipe length (m) 

λ - 
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Term Definition Symbol Unit 

Friction loss 
coefficient for a flat 
plate 

Friction loss coefficient for a flat plate. 

           

2
w

Q
BL

EC 3
Lf

f =  

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) 

Cf - 

Disc friction loss 
coefficient 

Friction loss coefficient for a rotating disc 

5
d

3
4

Ld
m

Dn 
8

P
C

ρπ
=   

where  

Dd diameter of the rotating disc (m) 

Cm - 

Relative scalable 
hydraulic energy loss 

Scalable specific hydraulic energy loss divided by E, which 
is dependent on Reynolds number and roughness  (in most 
cases, it is represented in %)  

            δE = Elf/E 

δE - 

Relative non-scalable 
hydraulic energy loss 

Non-scalable specific hydraulic energy loss divided by E, 
which remains constant regardless of Reynolds number 
and roughness 

             δns = Elk/E 

δns - 

Reference scalable 
hydraulic energy loss  

δE value for a model with smooth surface operating at a 
reference Reynolds number Re = 7 ×106 

δEref - 

Reference scalable 
hydraulic energy loss 
in component 
passage 

δEref for each component passage δECOref - 

Relative disc friction 
loss 

 

Disc friction loss PLd divided by Pm 

            
m

Ld
T P

P
=δ   

δT - 

Reference disc 
friction loss 

 

 

δT value for a model with fairly smooth surface operating at 
a reference Reynolds number Re = 7 × 106 

δTref - 

Flow velocity factor 
for each component 
passage 

 

Ratio of the maximum relative flow velocity in each 
component passage against the peripheral velocity u 

           
u

vCO
uCO =κ  

κuCO - 

Dimension factor for 
each component 
passage 

Ratio of the hydraulic diameter of each component 
passage against the reference diameter 

           
D

dhCO
dCO =κ  

κdCO - 
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Term Definition Symbol Unit 

Dimension factor for 
disc friction loss 

Ratio of the diameter of the runner crown or runner band 
against the reference diameter 

           
D

D d
T =κ  

Dd: diameter of the runner crown or the runner band, 
whichever larger 

κT - 

Scalable hydraulic 
energy loss index for 
each component 
passage 

( ) 2,0
dCOuCO

ECOref
ECOref

351,01
d

κ×κ+
δ=  dECOref - 

Scalable disc friction 
loss index 

4,0
T

Tref
Tref

 154,01
d

κ+

δ
=  

dTref - 

Loss distribution 
factor 

 

Ratio of scalable loss to total loss  

h1
V

η−
δ=  

V - 

Specific speed 

 

 

 

75,0

5,0
1

QE
E

nQ
N =      

NQE - 

Speed factor 

5,0ED
E
nDn =  

nED - 

Discharge factor 

5,02
1

ED
ED

Q
Q =  

QED - 

Power factor 

5,12
1

m
ED

ED

P
P

ρ
=  

PED - 

Energy coefficient 

22nD
Dn
EE =  

EnD - 

Discharge coefficient 

3
1

nD
nD
Q

Q =  
QnD - 

Power coefficient 

53
1

m
nD

Dn
P

P
ρ

=  
PnD - 

 

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. [4] 

As a consequence, one of the main features of the new scale up formula as stated in this 
standard is the separate consideration on three efficiency components. They are specific 
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