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Might be Hydrocavitation Monitored only on Hydraulic
Manner and Laws
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Abstract- Cavitation is a serious problem at hydraulic components, especially at pumps,
hydroenergy turbine runners, ship propellers, even at blades from windpower generators, when
performances of those elements/machines deplete. It means that the cavitation is caused by
flowing liquid or gas over the metal surface. Severe cavitation always leads to the erosion at the
impigement metal surface.... Many conclusions were stated that for cavitation are responsible the
hydraulic demands while material properties commonly not.

In many hydraulic approaches the starting point is the speed flow of running fluid (water,
oil or gas) and also other data about hydraulic circumstances and laws (Bernuli equation, etc).
Also, in studying the nature of loads which act on turbine runner/blade, many attempts were
made on measuring the noice, frequency signals, etc, but without deeper understanding the
characteristics of used material. Cavitation here will be considered as a result of contact flowing
water — metal at turbine runner, mainly from aspect of material characteristics not from a
hydrodynamic flow demands.
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Might be Hydrocavitation Monitored only on
Hydraulic Manner and Laws

Zoran Karastojkovi¢

Abstract- Cavitation is a serious problem at hydraulic
components, especially at pumps, hydroenergy turbine
runners, ship propellers, even at blades from windpower
generators, when performances of those elements/machines
deplete. It means that the cavitation is caused by flowing liquid
or gas over the metal surface. Severe cavitation always leads
to the erosion at the impigement metal surface.... Many
conclusions were stated that for cavitation are responsible the
hydraulic demands while material properties commonly not.

In many hydraulic approaches the starting point is
the speed flow of running fluid (water, oil or gas) and also
other data about hydraulic circumstances and laws (Bernuli
equation, etc). Also, in studying the nature of loads which act
on turbine runner/blade, many attempts were made on
measuring the noice, frequency signals, etc, but without
deeper understanding the characteristics of used material.
Cavitation here will be considered as a result of contact
flowing water — metal at turbine runner, mainly from aspect of
material characteristics not from a hydrodynamic flow
demands.

More attention will be payed on the characteristics of
materials, preferably used for producing of turbine runners,
such as crystal grain size or shape, the presence of: non-
metallic inclusions or (micro) alloying elements.

Keywords: hydrocavitation, stainless steel, stabilizing
elements, grain size, coatings.

[. INTRODUCTION

tandard definition of cavitation is widely accepted
Sat a lot of national standards, so cavitation is the

formation and subsequent collapse, within a liquid,
of cavities or bubbles that contain vapor or gas, or both,
in the ASTM G32-03 standard. If the cavitation is
markably progressed, than may cause significant
implications at surface, up to the damage(s). From such
definition and aproach, the appearance of cavitation is
monitored as result only from the hydrodynamic
influences. It is believed that careful machining (for low
roughness for example) of turbine runner or other
components is obviously, while other tasks often are
neglected or remain undefined. In analysing the
hydrosystem one can found just general constatations
that turbine should be reliable and, of course, needs
quality components. It is an abstraction approach but
not enough for producing a good component, here
means a water runner. The cavitation could not be fully
avoided but only decreased.
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Materials for building of any hydraulic
component should be carefuly chosen. It is clear that
flowing water continuosly is in contact with the turbine
runner, and from that point is clear that used material
must be kind of stainless steel. The hardness of such
stainless steel should be on a higher level than at other
structural steels, because the increased hardness
usually is welcome for achieving higher strength, and
however for improving the resistance to cavitation
progress. It is stated that martensitic kind of stainless
steel represnts the good choise as material for water
turbine runner.

Every shock wave acts firstly as the
compressive and than tensile stress. Cavitation may led
to the material erosion, is enhanced by vibrations and
noise. So, the major mission for engineers is to
understand the mechanisms of cavitation appearing and
lowering its level. One usefull aproach is first to
understand and change the metal properties, if is
needed just from the melting (it means refining, applying
stabilizing elements, carbide or nitride formers for
strenhthening an alloy, improving the corrosion
resistance, etc.) and up to the servicing periode (when
fluid mechanics plays an important role). Heat-treating
methods, as quenching does, may bring up an imroving
of mechanical properties but usually are not available for
large runners, main reason for that is distorsion after
heating up to the pretty high temperatures. So, (micro)
alloying and coating technologies (for deposition hard
coatings) may play an important role for farther
decreasing the cavitation level, generally both for hydro-
or thermopower elements, but the complex geometry of
those components still is a great problem. Here will be
discused some speciffic important material properties,
which one need to know for successfuly decreasing
hydrocavitation and damaging at surface of water
runner, made from stainless steel, comonly martensitic
class.

There are many questions about the
metallurgical treatment of every turbine component:
what main alloying elements should be used, kind of
microalloying  elements, refining and  casting
procedures, kind and amount of non-metallic inclusions,
dendritic shape, grain size, kind of heat-treatment and
obtained microstructure, mechanical properties, (braze)
welding, kind of coatings to be used, etc. Most of these
questions depend of the nature of flow water, water
acidity/alkalinity, presence of abrazive particles
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(commonly SiO,, CaCQO,), or from influences. Any
hydrosystem infact is both simple but a complex. When
the machine components were exposed to cavitation to
a relatively long time, erosion will occurs. As the erosion
represents progressive loss of original material from a
solid surface, some solutions for surface protection may
be applied [18-24]. These factors do not belong to the
hydrauics, and need some detailed explanations.

[I. DEMANDED PROPERTIES OF USED
MATERIAL

For achieving the projected properties, either
product

mechanical or technological, that must

a)

Figure 1: Two types of ranners for:

For achieving the desired shape of water
runner, casting is commonly applied and used material
(stainless steel) also must possess a good fluidity for
fullfilling such complex mold cavity. The structural
stainless steel used for this purpose belongs to
martensitic class, it means the contest of about 0,3%
carbon and up to 12% chroium, for achieving the good
corrosion resistance and durability. As those martensitic
steels show pretty low ductility they need some amount
of nickel. The dezoxidation of melted steel is an obvious
operation, at least by aluminium, silicon or better with
more effective elements to react with oxygen from
melted steel, as titanium does, or other dezoxidizers
which may react with sulfur and/or phosphorous.

For stabilizing the structure, into such steel
should be added carbide or nitride forming elements, as
titanium and vanadium are, rarely is used zirconium.
Copper may be added for improving the corrosion
resistance. It is well established that as-casted products
have no mechanical properties on the level as deformed
(forged or rolled) material, and from that point of view
into the used alloy should be carefuly added (micro)
alloying elements. These elements will lowered
intergranular corrosion and cavitation/erosion
phenomena.
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possess, many facts should be known, but keep in mind
that most of those properties may be achieved just at
the periode of metallurgical making of an alloy. More
precisely, the alloying elements must satisfied demands
for higher hardness, strength, also a good corrosion
resistance. Another important demand in producing a
water runner lies in its complex geometry, Fig. 1.

a) Francis and b) Pelton turbine

Microlloying elements are adding to react with
carbon, nitrogen, rarely boron, at the same time they
may be partially dilluted into ferrite or austenite, so their
another important role is in refining the grain size.
Exactly, it is expected that large crystal grains as well as
dendrites will be refined, after that almost both
mechanical and servicing properties will be markably
improved.
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[11. SOME EXAMPLES OF CAVITATION AT FRANCIS TURBINE RUNNER

Few characteristic examples of cavitation at Francis turbine blades are shown in Fig. 2.

Figure 2: Few examples of generated cavities on blades a) and b); serioua damage c) and d) at Francis turbine
runner surface

From. figs. 2b) and c) is clear why cavitation
deplets the performance not only at the blade nut the
whole turbine equipment.

IV. CAVITATION AND GRAINSIZE

Grain size plays an important role in
strengthening of solid solution [1-6,20], but in these
discusions such approach is not of primary interest.
Concept of hydrodinamic cavitation consists from the
process of: vaporisation, than bubble formation and
after that bublle implosion, which finaly are resulted in
cavitation. From the metallurgical view the cavitation
level is amplified if in the structure of turbine runner
material are present large crystal grains. Mechanical
properties of used material as well as chemical
composition commonly undergo to detail control, but it
seems that such approach was not enough.

As turbine runners usually are produced by
casting it is expected the larger crystal grains than in
deformed metal, indeed. The size of crystal grains
effectively may be changed in processes of plastic
deformation processes (forging, rolling) and/or by heat-
treating (quenching), but those processes are useless
for components with complex geometry, as turbine
runner does. So, the grain size should be controled in
the periode of casting, just before solidification of melt
begins. For that purpose serve numerous elements, so
called grain refiners, almost known are Ti and V, which

at the same time made carbides and/or nitrides. For
strengtening may be used W or Mo, for forming
carbides but they also may forming so called
intermetallic compounds. All of those metals are
welcome into the steel for making a water runner, the
only limitation might be their price.

One metallographic view at a steel
microstructure could be seen from Fig. 3a), where dark
fields usually consist of impurities. The metallographic
approach is well known and applied in the whole
metallurgy. Such impurities are not welcome at any
steel, paricularly at qualitative steel. Harder compounds
frequently are distributed along the grain boundaries, if
so than the ductility is lowered. The grain size implies
the kind of wearing under load. During servicing periode
the surface of a watter runner is also loaded, so the
mechanism of damaging or cavitation along the grain
borders near the surface, however, is not same as in
wearing [20], but may be similar according to skethes
from figs. 3b) and c).
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Figure 3: Microstructure of one steel with impurities at grain borders a); schematic representation of wearing under
load at: coarse b) and fine c) crystal grains [20]

It is needed to underline that possible cavitation
mechanism may be described as follow: the damaging
along the borders of coarse (large) crystal grains easilly
will widespread out, Fig. 3b), while the fine (smaller)
grains become a barrier for widespreading along grain
borders, and than the damaging will be lowered, Fig.
3c).

The grain size is well defined in metallography
[1-6] and at many national standards.

a) Shape of Crystal Grins

As mentioned, the large grain size are not
welcome but another attention should be payed on the
shape of grain size. The care for obtaining the fine

grains must beggins just in the periode of solidification,
exactly in foundry production. How looks like one
dendrite structure is shown in Fig. 4a). Large dendrites,
however, must be avoided, and for their refining serve
metallurgical approaches. Heat-treating of water runner
is applicable on a limited manner, and this fact
represents a shortage. Keep in mind that geometry of
such product is complex. so the quenching is
impossible, and than only an annealing operations are
applicable, as normalizing or normalizing+tempering.
Tempered martensite offers advantage for improving the
toughness.

b)

Figure 4: Dendrite structures after casting stainless steel with dominant: a) austenitic and b) martnensitic (mixed with
ferrite and bainite)

It is wotrhy to mention that dendrite structures,
as like in Fig. 4a), frequently are more characteristic for
austenitic type of stainless steel than in martensitic steel,
Fig. 4b). Anyway, great martensitic needles even plates
should be avoided in the structure. If coarse grains
dominate into microstructure, than as a result between
large dendrites will be produced greater level of
cavitation than at fine grain material. The hydrocavitation
is pretty well explained by hydraulic manner, for
example: the shock wave first produces a compressive

© 2023 Global Journals

stress on the solid surface, and then when it is reflected,
produces a tensile stress that is normal to the surface.
But, the resistance to such shock waves also depends,
however, from the kind of used material and its
production history during metallurgical treatment(s).

V. INFLUENCE OF NON-METALLIC
[NCLUSIONS ON STEEL PROPERTIES

The influence of non-metallic inclusions on the
properties of solidified any metal, also on steel, is great,



however in a negative sence. With the presence of non-
metallic inclusions in steel, the strength properties
(tensile strength or yield point) will be decreased. while
the toughness properties will be markable lowered.
Presence of any kind of non-metallic inclusions are
favorable places for cavitation appearing, so their
amount must be controled.

a) Assessment of Amount of Non-Metallic Inclusions
The evidence of presence of an amount of non-
metallic inclusions into metals, indeed at steels, could
be assessed indirectly by one or more mechanical test
methods. But more closely assessment of the presence
of non-metallic inslusions is providing only by using a

metallographic examination. The national standards of
many industrial countries recognized the need for
succsessful assesssing the amount of non-metallic
inclusions, based on the microsopic examinations.
Scale for microscopic assessing of amount and shapes
of non-metallic inclusions for one important group of
steels is standardized, in Fig. 5. is ilustrated just one
part from standard [13]. There are, however, another
important types of inclusion, as oxide and silicate types.
All of them show detrimental effect on material
properties, and may represent difficulty for applying a
kind of protective technology for decreasing coeffitient
of friction and lowering the wear rate.
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Figure 5: Part of a scale for metallographic observation of two types of non-metallic inclusions (black spots) in
bearing steel 100CrAl

This steel commonly is used as a bearing
material. However, this kind of steel is not same as
steels usually applied for water runner at hydroturbine,
but those pictures on a good manner ilustrate the

distribution of non-mettalic inclusions, in this case into
(hot) rolled bars. The level and/or shape of non-metallic
inclusions at as-casted steels are not identical as in
deformed material, but it is well known that at as-casted
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structure the non-metallic inclusions usually are greater
than in deformed material. The scale commonly is
devided into four columnes, here are shown two types,
from the most known non-metallic inclusions groups:
sulfides, aluminates, silicates and/or globular oxides,
and every column is graduated into five levels (1-5),
from the smallest to greater one, see Fig. 5. On this way
the content of non-metallic inclusions must be strictly
controled, especially at qualitative steels.

Even small defects such as corrosion pits also
are critical for fatigue. Large non-metallic inclusions has
a dentrimental influence on cavitation level.

Farther, fatigue cracks at any machine
component can start from intrinstic defects, mostly from
nonmetallic inclusions, which may significantly influence
on the lowering the servicing characteristics, here is
mentioned the fatigue strength.

VI. COATING METHODS FOR HYDRAULIC

COMPONENTS
A lot of hydraulic components are protected by

using an anticorrodive and hard coatings. Susch coating
(layer) besides good anticorrodive must poses also

Voo

b A

good antifriction properties. For obtaining desired
coating (layer) on hydraulic components, there are
available different techniques which belong to one of the
next principal groups:

Electrolytic (galvanic) methods,

Electroless (chemical) methods,

Metallizing and

Thermodiffusional methods.

Those methods are applicable on many
hydraulic components, but water runner makes a
problem for deposition, first of all from its great gabarit
and complex geometry.

At first three methods the coatings are obtained
by deposition of the layer material, while at the fourth
method the layer is formed by diffusion. Diffusion (as
nitriding) requires elevated temperatures, after that the
treated component will be deformed. The adhesion of
diffusion layer is greater than layers deposited by other
techniques. Coatings deposited either by electrolytic or
electroless method are similar but there exist some
principal differencies, as shown in Fig. 6.

a)
electrolytic
(galvanic)
b)
electroless

(chemical)

Figure 6: Principal geometrical characteristics between: a) electrolytic and b) electroless deposition; at inside (I) or
outside corners (ll)

The elecrtolytic deposition is pretty well known,
one of the most known is hard chromium, so it would
not be farther discused here.

a) Electroless (Chemical) Nickel

Nickel has long been used as a plating material
because of its excellent appearance coupled with good
corrosion resistance. Prior to 1946, nickel coatings were
applied to most substrates by using electricity
(electroplating). Since that time methods have been
developed that allow electroless nickel plating on most
metals and also on many nonmetallic substrates. Most
electroless nickel coatings contain from 5 to 15%
phosphorus+boron.

Also, unlike electrolytic nickel, the thickness of
electroless deposits is distributed evenly over the entire
surface, compare Figs. 6a) and b), even at parts with
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complex geometry. Blind holes, threads, small diameter
holes, recesses or internal areas receive the same
amount of plating as sharp corners, edges or curved
(concave or convex) surfaces. On such way, close
tolerances can be maintained - for hydraulics it is of an
extra importance.

With proper surface preparation, excellent
adhesion can be obtained. As plated, electroless nickel
deposits have an average microhardness of 500-
550HV, 5. This can readily be increased to approximately
1,000HV by heat treating (age hardening) at 400°C, but
this temperature also is unavalilable for water runner of
Francis turbine.

Farther, the risk of damaging the water runner
after electroless nickel is deposited, lies if parrent metal
posses a remarkable amount of non-metallic inslusions.


https://www.sciencedirect.com/topics/engineering/nonmetallic-inclusion�

b) Metallization

Although for metallization could be applied wide
spectrum of materials, including a pretty hard materials
(oxides, carbides or nitrides), but those methods are
unavailable for machine components with complex
geometry, as runner does.

All of those facts one should to knows very well
before trying/applying to protect the surface of any kind
of turbine blades.

VII. CONCLUSSION

Cavitation, as an unavoidable problem, in
practice rather is considered on hydrodinamic manner
than from aspect of material properties. The local control
of cavitation level, however, is of importance, but control
only this characteristic will not gives a satisfied result. It
means that the care for grain size and all other
properties, which are needed for a final product, should
start just at the making choise of (micro) alloying
elements, melting & refining processes and heat-

treatment in producing the water runner. Precise
machining of any hydraulic components s
understanding.

Chosen steels for production hydraulic

components usually posses a good mechanical and
anticorrosive properties, but eventhough damaging on
cavitation manner is appearing. The regular control of
chemical composition (on main alloying elements as
well as microalloying elements), and mechanical
properties (hardness, strength, toughness) of used
material should be advanced, in the sence for more
detailed control about grain size and non-metallic
inclusion contest.

Non-metallic inclusions are one of the key
factors in determining the quality of used steel, indeed
for a cavitation appearance. If those inclusions are large
and in great amount than the cavitation will be
advanced, at the same time wiith reduced the servicing
life.

As shown above, the problem of cavitation
should not be considered only on a hydraulic manner
but taking acount the state of the material, it means
properties after melting, reffining, using (micro) alloying
elements, casting and/or heat-treating of used steel,
also possibilities for applying a coatings, here is
represented on the case of water runner from Francis
turbine, but those procedures are available to other
versatile hydraulic components.

REFERENCES REFERENCES REFERENCIAS

1. E.C. Rollason: Metallurgy for Engineers, Edward
Arnold, London 1973, p. 59-70.

2. R.E. Reed-Hill: Physical Metallurgy Principles, D.
van Nostrand Co., New York, p. 749-821.

3. V.A. Kudrin: Metallurgija stalji, in Russian, Moscow
1989, Metallurgija, p. 95-175.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

H. Suman: Metalografija, in Serbian, Belgrade 1965,
Zavod za izdavanje udzbenika Srbije, p. 320-330.
Yu.A. Geller, A.G. Rakhstadt: Science of materials,
Moscow 1987, Mir Publ.

Yu. Lakhtin: Engineering Physical Metallurgy and

Heat-treatment, MIR Publishers, Moscow1977,
p.316-326.
M.l.  Vinograd, G.. Gromova: VkljuCenija v

legirovannih staljah i splavah, in Russian, Moscow
1972, Metallurgia.

Lahtin, Ju.M., Arzamasov, B.N.: HimikotermiCeskaja
obrabotka metallov, in Russian, Moscow 1985,
Metallurgija, p. 141-191.

F.D. Gelin: MetalliCeskie materialji, in Russian, Minsk
1987, VisejSaja Skola, p. 138-219.

J. Burja, et all: Effect of electroslag remelting on the
non-metallic inclusions in H11 steel, J. Min. Metall,
B-Metall, 54/2018/1, p. 51-57.

C. Mapelli: Non-metallic inclusions and clean steel,
La metalurgia italiana, 2008, str. 43-52.

A.L. Vasconcellos da Costa e Silva: Non-metallic
inclusions in steels — origin and control, J. of
Materials Research and Technology, 3/2018, str.
283-299.

SRPS C.A4.013-1987: Mikroskopska metoda
odredjivanja sadrzaja nemetalnih ukljucaka u Celiku
koris¢enjem referentnih slika, in Serbian.

G. Keller, W. Weiss, W. Ranke, R. Schlégl: Bulk and
surface phases of iron oxides in oxygen and water
atmosphere at low pressure, Physical Chemistry
Chemical Physics, 3/2001. p. 1114-1122.

M. Zlatanovi¢, A. Kunosi¢, Z. Karastojkovi¢, Z.
burisi¢: Debljina i tvrdo¢a zone jedinjenja pri
impulsnom plazma nitriranju  Celika C1530, in
Serbian, 8" Int. Tribology Conference, Belgrade
2003, Proceedings book, p. 141-145.

Z. Karastojkovi¢, R. Peri¢: Nerdjaju¢i celici, in
Serbian, Industrijsko drustvo za koroziju-Belgrade,
and ,Peri¢ & Peri¢"-Pozarevac-Serbia, 2021, p. 50-
130.

H. Tanei, Y. Kondo: Phase transformation of oxide
scale and its control, Nippon steel & Sumitomo
metal technical report, No 111, march 2016.

Z. Karastojkovi¢, Milan Miladinov, Miroslav
Miladinov: Kavitaciona oStec¢enja i sanacija lopatica
na generatoru jedne Fransisove turbine, in Serbian,
DIT Pozarevac 2022, p. ?

P. Kumar, R.P. Saini: Study of cavitation in hydro
turbines - A review, Renewable and Sustainable
Energy Reviews, 14/2010, p. 374-383.

D. Chandrasekaran: Grain size and solid solution
strentgthening in metals, Doctoral dissertation,
Stockholm 2003, Royal Institute of Technology.

M. Fomitchev-Zamilov: Cavitation-induced fusion:
proof of concept, www.researchgate.net/publica
tion/301851114.

© 2023 Global Journals

Global Journal of Researches in Engineering (A) Volume XXIII Issue I Version I E Year 2023



Global Journal of Researches in Engineering (A) Volume XXIII Issue I Version | E Year 2023

22.

23.

24,

25.

Y. Tianchen: A review of the research on the
influence of cavitation and abrasion on hydroturbine
performance, E3S Web of Conf.es 233 (2021),
doi.org/10.1051/e3sconf/202123303068-

W.-T. Su, W. Yhao, M. Binama, Y. Yhao, J.-Y.
Huang, X.-R. Chen: Experimental Francis turbine
cavitation performances of a hydroenergy plant,
Sustainability 2022,14,3236. https//doi.org/10.3390/
su14063263.

D.R. Gabe; Principles of metal surface treatment
and protection, Oxford 1972, Pergamon Press, p.
21-101.

Z. Karastojkovi¢: Hemijski nikl, Invited lecture, in
Serban, InZzenjerska komora Srbije, Belgrade 2022.

© 2023 Global Journals



	Might be Hydrocavitation Monitored only on Hydraulic Manner and Laws
	Author
	Keywords
	I. Introduction
	II. Demanded Properties of used Material
	III. Some Examples of Cavitation at Francis Turbine Runner
	IV. Cavitation and Grainsize
	a) Shape of Crystal Grins

	V. Influence of Non-Metallic Inclusions on Steel Properties
	a) Assessment of Amount of Non-Metallic Inclusions

	VI. Coating Methods for Hydraulic Components
	a) Electroless (Chemical) Nickel
	b) Metallization

	VII. Conclussion
	References Références Referencias

