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Foreword

The text of document 4/279/FDIS, future edition 1 of IEC 62364, prepared by IEC TC 4 "Hydraulic
turbines" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 62364:2013.

The following dates are fixed:
— latest date by which the document has to be implemented at (dop) 2014-05-01
national level by publication of an identical national

standard or by endorsement

— latest date by which the national standards conflicting with (dow) 2016-08-01
the document have to be withdrawn

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

Endorsement notice

The text of the International Standard IEC 62364:2013 was approved by CENELEC as a European
Standard without any modification:

In the official version, for Bibliography, the following note has to be added for the standard indicated :

IEC 60193:1999 NOTE Harmonised as EN 60193:1999 (not modified).
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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC MACHINES -
GUIDE FOR DEALING WITH HYDRO-ABRASIVE EROSION
IN KAPLAN, FRANCIS, AND PELTON TURBINES

FOREWORD

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.

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.

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.

In order to promote international uniformity, |[EC 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.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services''and, in‘'some ‘areas; ‘access to'1EC ‘marks of ‘conformity.EC-is not responsible for any
services carried out by independent certificationbodies:

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

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.

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.

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 62364 has been prepared by IEC technical committee 4: Hydraulic
turbines.

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

FDIS Report on voting
4/279/FDIS 4/283/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.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date 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

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ 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

Many owners of hydroelectric plants contend with the sometimes very aggressive
deterioration of their machines due to particle abrasion. Such owners must find the means to
communicate to potential suppliers of machines for their sites, their desire to have the
particular attention of the designers at the turbine design phase, directed to the minimization
of the severity and effects of particle abrasion.

Limited consensus and very little quantitative data exists on the steps which the designer
could and should take to extend the useful life before major overhaul of the turbine
components when they are operated under severe particle abrasion service. This has led
some owners to write into their specifications, conditions which cannot be met with known
methods and materials.
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HYDRAULIC MACHINES -
GUIDE FOR DEALING WITH HYDRO-ABRASIVE EROSION
IN KAPLAN, FRANCIS, AND PELTON TURBINES

1 Scope

This Guide serves to:

a) present data on particle abrasion rates on several combinations of water quality, operating
conditions, component materials, and component properties collected from a variety of
hydro sites;

b) develop guidelines for the methods of minimizing particle abrasion by modifications to
hydraulic design for clean water. These guidelines do not include details such as hydraulic
profile shapes which should be determined by the hydraulic design experts for a given
site;

c) develop guidelines based on “experience data” concerning the relative resistance of
materials faced with particle abrasion problems;

d) develop guidelines concerning the maintainability of abrasion resistant materials and hard
facing coatings;

e) develop guidelines oanca recommended lapproach, whichiowners could and should take to
ensure that specifications communicate the need for particular attention to this aspect of
hydraulic design at their site§ without establishing, criteria which cannot be satisfied
because the means are beyond the control of the manufacturers;

f) develop guidelines concerning operationrmode:! of the hydro turbines in water with particle
materials to increase-the.operation life;

It is assumed in this Guide that the water is not chemically aggressive. Since chemical
aggressiveness is dependent upon so many possible chemical compositions, and the
materials of the machine, it is beyond the scope of this Guide to address these issues.

It is assumed in this Guide that cavitation is not present in the turbine. Cavitation and
abrasion may reinforce each other so that the resulting erosion is larger than the sum of
cavitation erosion plus abrasion erosion. The quantitative relationship of the resulting
abrasion is not known and it is beyond the scope of this guide to assess it, except to
recommend that special efforts be made in the turbine design phase to minimize cavitation.

Large solids (e.g. stones, wood, ice, metal objects, etc.) traveling with the water may impact
turbine components and produce damage. This damage may in turn increase the flow
turbulence thereby accelerating wear by both cavitation and abrasion. Abrasion resistant
coatings can also be damaged locally by impact of large solids. It is beyond the scope of this
Guide to address these issues.

This guide focuses mainly on hydroelectric powerplant equipment. Certain portions may also
be applicable to other hydraulic machines.

2 Terms, definitions and symbols

2.1 Units

The International System of Units (S.l.) is adopted throughout this guide but other systems
are allowed.
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2.2 Terms, definitions and symbols

For the purposes of this document, the following terms, definitions and symbols apply.

NOTE They are also based, where relevant, on IEC/TR 61364.

hardness of the abrasive particles

Sub- Term Definition Symbol Unit
clause
2.21 specific_ specific energy of water available between the high and E J/kg
hydraulic low pressure reference sections 1 and 2 of the machine
energy of a
machine Note 1 to entry: For full information, see IEC 60193.
2.2.2 acceleration local value of gravitational acceleration at the place of g m/s2
due to gravity testing
Note 1 to entry: For full information, see IEC 60193.
223 turbine head available head at hydraulic machine terminal H m
H=E/g
pump head
2.2.4 reference reference diameter of the hydraulic machine D m
diameter
Note 1 to entry: For Pelton turbines this is the pitch
diameter, for Kaplan turbines this is the runner chamber
diameter and for Francis and Francis type pump turbines
this is the blade low pressure section diameter at the
band
Note 2 to entry: See IEC 60193 for further jnformation.
2.2.5 abrasion depth | depth of metal layer that has been removed from a S mm
component due to particle abrasion
2.2.6 characteristic characteristic velocity-defined forreach machine w m/s
velocity component'and used olquantify -particle’abrasion
damage -
Note 1 to entry: See also 2.2.20 to 2.2.24.
2.2.7 particle the mass of all solid particles per m?3 of water solution C kg/m3
concentration
Note 1 to entry: In case the particle concentration is
expressed in ppm it is recommended to use the mass of
particles per mass of water, so_that 1 000 ppm
approximately corresponds to 1 kg/m*.
2.2.8 particle load the particle concentration integrated over the time, 7, that PL kg x h/m3
is under consideration
T
PL = IC(Z) x Kize (1) Kshape (1) % Khardness (1)dt
0
N
~ ZCn * Ksize,n X Kshape,n X Khardness,n % Ts,n
n=1
C(t) = 0 if no water is flowing through the turbine.
If the unit is at standstill with pressurized spiral case then
C(1)=0 when calculating PL for runner and labyrinth seals,
but C(1)#0 when calculating PL for guide vanes and facing
plates.
2.2.9 size factor factor that characterizes how the abrasion relates to the Kgize
size of the abrasive particles
2.2.10 shape factor factor that characterizes how the abrasion relates to the KShape
shape of the abrasive particles
2.2.11 hardness factor | factor that characterizes how the abrasion relates to the Khardness
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Sub- Term Definition Symbol Unit
clause
2212 material factor factor that characterizes how the abrasion relates to the K.,
material properties of the base material
2.2.13 flow coefficient | coefficient that characterizes how the abrasion relates to K mm x s34
the water flow around each component kg x h x m®
2.2.14 sampling the time interval between two water samples taken to T, h
interval determine the concentration of abrasive particles in the
water
2.2.15 yearly particle the total PL for 1 year of operation, i.e. PL for T= 8 760 h PLycar kg x h/m?3
load calculated in accordance with 2.2.8
2.2.16 maximum the maximum concentration of abrasive particles over a Crax kg/m?3
concentration specified time interval
2.2.17 particle median | the median diameter of abrasive particles in a sample, dPg, mm
diameter i.e. such diameter that the particles with size smaller than
the value under consideration represent 50 % of the total
mass of particles in the sample
2.2.18 wear abrasion depth or volume of a reference material WRI -
resistance (generally some version stainless steel) divided by the
index abrasion depth or volume of the material in question,
tested under the same conditions
2.2.19 impingement the angle between the particle trajectory and the surface °
angle of the substrate
2.2.20 characteristic flow through unit divided by the minimum flow area at the
velocity in guide vanejapparatus estimated at best efficiencypoint
Francis guide Woy m/s
vanes 0]
ng TR B2E af B A G
characteristic axZyxBy
velocity in
Kaplan guide
vanes
2.2.21 characteristic speed of the water flowrat. guide yanejlocation
velocity in W /
guide vanes of ng =0,5x4/2xE qv m/s
Kaplan,
Francis or
tubular
turbines
2.2.22 characteristic speed of the water flow at injector location
velocity in w /
Pelton injector Winj = J2xE inj m/s
2.2.23 characteristic the relative velocity between the water and the runner Wein m/s
velocity in blade estimated with below formulas at best efficiency
Kaplan or point
Francis tubular
turbine runner 2 2
Up =nxgxD
x4
€2 = Q—z
7xD
Note 1 to entry: In calculation of ¢y for Kaplan turbines,
the hub diameter has been neglected in the interest of
simplicity.
2.2.24 characteristic speed of the water flow at a Pelton runner
velocity in - /
Pelton runner Weun =0,5x+/2x E run m/s
2.2.25 discharge volume of water per unit time passing through any section o m3/s
(volume flow in the system
rate)
2.2.26 guide vane average shortest distance between adjacent guide vanes A m

opening

(at a specified section if necessary)
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Sub- Term Definition Symbol Unit
clause
Note 1 to entry: For further information, see IEC 60193.
2.2.27 number of total number of guide vanes in a turbine Z,
guide vanes
2.2.28 distributor height of the distributor in a turbine B, m
height
2.2.29 rotational number of revolutions per unit time n 1/s
speed
2.2.30 specific speed commonly used specific speed to of an hydraulic machine ng
_ 60xnx+P
s =574
P and H are taken in the rated operating point and given
in KW and m respectively
2.2.31 output output of the turbine in the rated operating point P kw
2.2.32 actual abrasion | the estimated depth of metal that will be removed from a Starget, mm
depth of target component of the target turbine due to particle abrasion actual
unit
Note 1 to entry: For use with the Reference model.
2.2.33 actual abrasion | the actual depth of metal that has been removed from a Sref, actual mm
depth of component of the reference turbine due to particle
reference unit abrasion
Note 1 to’entry:’ [Foruse withithe Reference/model.
2.2.34 number of number of 1ozzles in a)Pelton.turbine %0
nozzles
2.2.35 bucket width bucket width in a Pelton runner B, mm
2.2.36 number of number of buckets in-a’Pelton runner 22
buckets
2.2.37 time between time between overhaul for target unit TBO\grget h
overhaul for
target unit Note 1 to entry: For use with the reference model.
2.2.38 time between time between overhaul for reference unit TBO, o h
overhaul for
reference unit Note 1 to entry: For use with the reference model.
2.2.39 turbine the reference size for calculation curvature dependent RS m
reference size effects of erosion
Note 1 to entry: For Francis turbines, it is the reference
diameter, D (see 2.2.4).
Note 2 to entry: For Pelton turbines it is the inner bucket
width, B.
Note 3 to entry: For further information in the inner
bucket width, B, see IEC 60609-2.
2.2.40 size exponent exponent that describes the size dependant effects of p
erosion in evaluating RS
2.2.41 exponent numerical value of 0,4-p that balances units for K¢ a

3 Abrasion rate

3.1 Theoretical model

In order to demonstrate how different critical aspects impact the particle abrasion rate in the

turbine, the following formula is considered:
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