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CAVITATION PITTING EVALUATION IN HYDRAULIC TURBINES,
STORAGE PUMPS AND PUMP-TURBINES

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FOREWORD

~

’

1) The formal decisions or agreements of the I EC on technical matters, prepared by Technical Committees on which all the
National Committees having a special interest therein are represenlcd express, as ne&rly as possible, an international

consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the Nanonal Comn‘uttees in that

s¢cnse.

3) In order lo promote international unification, the IEC expresses the wish that all Natmnal Committees should adopt the
text of the IEC recommendation for ‘their national rules in so far as national conditions will permiit. Any divergence
between the IEC recommendation dnd the corresponding national rules should, as far as pombk be clearly indicared in

the laiter.

PREFACE .

This standard has been prepared; by IEC Tecnnlcal omrmttee No. 4, Hydrauhc Turbmes <

Lo

Drafts were discussed at meetmvs held in Mumch in 1973 and in Tokyo in 1973 Asa result of ‘this
second meeting, a draft, Document 4(Central Office)35, was submitted to the National Commtttees for

approval under the Six Months’ Ru e in January 1976.

The followmg countries voted ex_'phcxtly in favour of publication:

Other IEC publzcauom quo;cd in IhlS srandard

Publications Nos. 193A First supplemenl to Publication- 193
' 5 Hydraulic Turbines.

Australia
Austria
Belgium
Brazil
Bulgaria
Canada
Czechoslovakia
Egypt
France
Germany
Italy-

497 . Intcmauonal Code for Model Acu:prance Tests of Storaoe Pump:

Japan
Norway
Romania
South Africa (Republ:c of)

: ‘Spam
Sweden
Switzerland
;Tur}\ey

' . Union of Soviet ;

- Socialist Republics

~'United Kingdom: -

International Codéa'ffor Méd:el AcceptanceTest:

i
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CAVITA'IION PITTING EVALUAI‘ION IN HYDRAULIC TURBINES
A STORAGE PUMPS AND PUMP-TURBENES ' :

SECTION ONE — GENERAL
Introduction !’

Guarant¢e$§applying to cavitation pittfing m hydraulic turbines, storage pumps and pump-
turbines are .quite different from other guarantees stated in a contract representing inherent
characteristics of the machine, such as efficiency. The amount of cavitation pitting depends essen-
tially on four factors:

a) The type and design of the machine.

b) The material and surface condition of the parts subjected to cavitation.
¢) The setting of the machine in the plant i.e. the o value of the piant

d) The duration of operation and operatmg condmons

Items a) and b) describe the machme and Iters c) and d) depend on the design of the plant and
on its operatlon Therefore the guarantee, for,cavitation pittinggeanibe established only by mutual
agreement between the customter and the snppher during the planmno of the ptant or durmg the
contract negotiations. : : : -

Negotlatmg such a guarantee may be done in two ways:

either the semng of the machine (and thert,fore the g.value of the plant) is gvcn and the amount
of the cavitation pitting,shall be agreed upon with due regard to turbme/pump size, speed,
matenal surface conditions, operatxon etc., (see Figures la and 1b, page 9)

or the amount of the cavitation ptttmg is hmxted and the settmo of the machine shall be agreed
upon (see Figures 1a and lc, page 9)

In some cases a machine can be optrated notmally without any cavitation (e.g. Pelton turbines
in installations with small head variations, honzontal shaft turbines of storage pump installations,
etc.), or may be required to operate without any cavitation, but generally it is more economical to
accept.a shght amount of cavitation pitting, whxch means usmg a higher settmg, than would be
required for operation of the machines without cavxtatxon pitting.
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It is not! pos51ble to rnake general recommendations to the customer for an acceptable amount of
cavitation plttmg, economic problems must be investigated and decided upon in each individual
case. For example, a smaller amount of cavitation pitting requires a higher o value for the plant,
i.e. a deeper setting of the hydraulic machine and therefore higher costs for civil engineering work.
On the other hand it reduces the cost and/or the frequency of repair, as well as the cost of the loss
of energy production during the shut-down of the unit. The acceptable amount of cavitation pitting
may also be influenced by the feasibility of repair in situ without dismantling the machine e.g. by
the possibility of crackfree welding, by the possibility of applying the necessary heat treatment, etc.

Exafmplllesf of amounts of cavitation pitting expressed as depth, area and volume (see Sub-clauses
5.22t0 5.24 and 5.32) asia function of diameter D are given in Appendix A.

Scope and eb:ject :

This standard serves as a basis for the formulation of guarantees applymg to tavitation pitting in
hydraulic turbmes storage pumps and pump-turbines, and for the measurement and evaluation of
the amount of cavitation pitting on certain specified machine components of a given machine,
which is defined in the contract by output, head, speed, material, operation, etc. The evaluation is
to be based.on the loss of material during a given time and under accuratél / defined operating con-
ditions.

The supply contract should state svhether cavitation pitting on the hyd1 auhc machine should or
should not be anncrpated in'alFor'in’'séme'operating ranges.

Guarantees which restrxct the extent of cavitation pitting on the hydraulic machine at the end of
an operatmg period specxfxed in_the contract are necessary wheneyver occurrence of cavitation
pitting on the machine has been-accepted by boththe customer and the supplier for the specified
operating ranges.
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Excluded topics and limiijt:}ltions | o

Other effects which cavitation may possibly have on the operating character‘rstics of the machine
such as o‘utput, efficiency, vibration and noise are not covered by ;his stan;darld.g

Itis assumed in .this standard that.the water is not chemrcally aggressrve to a significant degree
and that it is essentially free from abrasive solrds e . 'g f

The cav1tatron guarantee shall, however, be given on the basrs of an agreed water analysis. If it
becomes apparent in the course of later analysis that the water is in fact. more aggressive than the
agreed analysis indicated, this must be taken into consrderanon when judgmo whether the given
guarantees have been mét : - L ':’ :

| ' i

Abrasron due to water contaminated with solids (e.g. sand) cannot be con idered as cavrtatron‘; g
pitting. T he solids. content of the water must be stated in the water analysxs and 1r it reaches srgmfr—f 7
cant proporuon must be the subject of a special agreement. 5 ;

[ . Do

If cavrtatron plmng occurs in zones where damage can be separate

chemical or electrochemlcal COTTOSION, abrasmn or impact, such damage .
evaluatron of cav1tatroni : i
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1ii' If icavitation pitting occurs in zones where damage can be shown to have been increased by
L _herriiéal or electrochemical effects additional to those normal to cavitation in water of the agreed
- .analysis, then such zones shall be excluded from the evaluation of cavitation.

o

it

- Material defects revealed by wear on the machine surfaces during operation are not included in a
guarantee against cavitation pitting.

SECTION TWO - TERMS, SYMBOLS AND DEFINITIONS

4. Measuring system

- The Intemational System of Units (S.1.) is adopted throughout this standard but other systems
are allowed. |

5. List of terms

The terms, symbols and definitions adopted in this standard are listed below:

T B T
P - Iy

S.1 Cavitation Vapour bubbles wI:)ich form when the level of local pressure drops (o approxi-
- mately that-of vapour pressureyand which collapse when the level of local
pressure rises'above that of vapour presstre i
5.2 Cavitation pitting Loss of material cadszd Byicayitation
5.3 g Cavitation factor (Thoma’s coefficient) characterizing the setting of a hydraulic
) machine referred to the tailwater lével or suction water level (see IEC Publi-
; cation 19BA. First'sipplensent 1o 1EC Publication 193, International Code for
; Model . Agcepiange, Testss of Hydraulic (Larbites. Sab-clause 5.1.1, and 1EC
i Publication 497, International Code for Model Acceptance Tests of Storage
! Pumps, Sub-clause 57.1.1)
5.4 | Cavitation guaraniee Number of months or years of service of a machine during which the cavitation
il period pitting guarantee is valid :
5.5 Cavitation guarantee Number of machiue operating hours during which the cavitation pitting
| duration of operation guarantee is valid
5.6 Reference duration Number of machine operating hours used as a referense value for establishing
of operation 1y (h) cavitation pitting guarantees o '
5.7 Actual duration of The actual number of machine operating hours at the time of caviration
| operationt, (h) pitting examination ’ : : )
5.8 | Po Lower turbine power limit for normal continuous operation specified for each
head and each permissible tailwater level (Figure 2, page 17)
5.9 Pee Upper turbine power limit for normal continuous operation specified for each
head and each permiissible tailwater level (Figure 2) '
i [ . . .
SA0 Y Py b i Lower turbine power limit for temporary abnormal operation specified for each
: Pt head and each permissible tailwater level (Figure 2) ;
5.1 | Pry Upper turbine power limit for temporary abnormal operation specified for each i
o . head and each permissible tailwater level (Figure 2) i K
U512 Hep |4 Lower pump head'limit for normal continuous operation specified for each ,
L poid permissible slucnop;w_z;xteljlevgl (Figure 3, page 17) Co i T I
X - . . T |
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