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KAztMlERz STELLER, EUGENiUSZ PARTYKA, MAREK TARGAN

lnslytut Maszyn Prrcpływowycb PAN. Gdańsk (lnstitute of l'luid-Flow Machinery, Polish Arndemy of Sciencęs. Gdańskl

Detection and Asses§ment of Flow Cavitation Intensity

Research methods used in the Dcpartment of Ftuid Dynamics of thc tnstitute of Fluid_Flow Machi-
llł:--. Polish Academy of Sciences, in Cdańsk and serving for detection and assessment of the degrće of

I u, ption development in hydraulic machines and sy§tem§ have been briefly reviewed,

l

I '. 
lntroduction

l

] O'u*nostic method§ u§ed to detect and assess the intensity of cavitation consist
]m":er in directly examining the cavitation phenomenon i,e. observing cavitation de_

l T 
'-'"'gP.n' and destabilization of llow or in observing (recording) signs accompanying

l ł';tation - esPecially performance effects, impingement on the flow confining walls,

l'łrration, noise and cavitation erosion, These methods allow to identify the pheno_
l :mcron experimentally.

! Cavitation development can also bę assessed by means of analytic methods.
llś
llłl l4y,Ąffii
lFig.l.Pressuredistributionoverahydrofoitdu-@
l ring cavitation [l] 
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Subcavitałing
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furłiat caviłałion

e=6" 6v=o&t ł=fł'6,oół ł=ł7"6v=|.2o

Supercaviłałian

6v'0,045

Fig. 2. Dilferent cavitation forms over the NACA 16-012 foil for Re : 106, dilferent angles of i

and diversified cavitation index o,, values

,, J^*rr'łr'; n (where po prcssure above the fre suńaa, p,, $turat€d vapour pffisure, p density, y affilerali], d

ł hydrofoil imm€§ion depth. f liquid velocity}

Assessment of the degree of cavitatlon development, or rather prediction of
tion on the grounds of theoretical premises, is based first of all on calculationr
analy§i§ of pres§ure distribution in the flow. If pressure decreases below thę sa

vapour pressure at a given temperature in any place of the l'low (inside a h1

machine), then it is assumed that cavitation may occur in that place (Fig. 1).

Cavitation can take different forms. They depend on the place and conditj

occurrencę of the phenomenon. Fig. 2 shows variation of cavitation form on r
cau§ed by changes of the foil angle of incidence and flow parameters.

In the present paper the results of investigations carried out in the

of Fluid Dynamics of the Institute of Fluid-Flow Machinery in Gdańsk, co
prediction of incipient cavitation and zones of developed cavitation in two_di

blade systems ąs well as a§se§sment of the intensity of cavitation in fluid-flow
and devices have been pre§ented.

2. Theoretical Predictions [3]

A cavitation zone may be formed by a single cavity or by a cloud consisting of

cavitation bubbles. One may as§e§s the extent of a single cavity by solving a

problem by the method of iteration, The extent of bubbly cavitation is usu

iermined by solving the Raytćigh equation for a bubble moving along a blade

with a velocity equal to that of the ambient liquid.
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'!:3. Cavitation sensitivity of the NACA 2418 foil (comparison
of theoretical calculations with an expeńment), €vitation indcx at the inrlow, d hydrofoil angle of incidencc, i. cavitalion

cloud length, l hydrofoil lengih

Fig.4. Cavitation extent in TNA 143ó8 blade cascade (test results [25])

For some time a simplified routine has been used in the Department of Fluid
M:amics of thc IF-FM. It consists in applying a model of a singló bubble evolution
D iss€ss the extent ofcavitation at a blade surface and in replacing the actual pressure
fttjbution over the blade section with a rectangular one. Undei these assumptions
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Fig. 5, Cavitation prediction in a leversible rnachine guide-ring a) turbinę operation, b) pumping

the problem is ręduced to that of solving a §ystęm of nonlinear algebraic equa
Thę results of testing of the NACA 2418 aerofoil can be an example of such
tn Fig. 3 a comparison of the resrilts of caleulations and experiments is
A satisfactory conformity of the predicted and actual sensitivity to cavitation of
aerofoil tested is shown. A little worse conformity was obtained for a cascade of
des (Fig. 4). The disregard of the phenomenon of boundary layer separation in
pre§sure distribution around prolrles seems to be the reason of the above. In a
formulation this fact pould be taken into considęration together with
data concerning the connectiołl of incipient cavitation with the phenomena
in the boundary layer.

Also computer programs for prediction of cavitation in machines that have
worked out at thę lnstitute of Fluid-Flow Machinery, P.A.Sci. are worth of
They were used, among others, for prediction of cavitation in guide apparatu§es
reversible machines installed in the pumped-storage water power plant at Zydowo
and in the Kaplan runner at the Bergheią Hydro-Electric Power Plant.[6].

Fig, 5 presents results of numerical calculations allowing to infer about the
bility of cavitation development (o) in a guide apparatus during turbine o
(50 MW) and pump operation (67 MW) at the rated head of 81.0 m and the

l.

3

L

4
I

0

-1

Fig. ó. The Deriaz model turbine during cavitation tests ln pumping mode of operation
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l head of 83.7 rn, respectively. It is easy to notice that cavitation should not occur
:.:rbine mode-of operation {o > n) whereas one can expect it on guide vane edges in

ping mode of operation {o <.,o r)'. The curve showing the cavitation development
ured by Ao : o,-c §uggests that the intensity of erosion increases with increasing
ing of the guide apparatus ao. An inspection of the guide apparatus confirmed

predictions. Cavitation pitting found on the blade edges reached the depth of
nm after 10000 hrs of machine operation.

3. Empiricń Methods

3.1. Direct methods'

Drect methods allow to follow thę cavitation phenomenon in diffćrent stages of
-velopment. They consist first of all in visual observations and in making films
photographs of zones threatened with cavitation, Their use is limited almost
ly to laboratory conditions, especially to testing models of machines and hy-
ic devices. Though information got in this way is incomplete, it is nonethęle§s
reliable as far as detection of cavitation, location cavitation.covered zones and

:rng the cavitating flow pattern are concerned, The photograph in Fig. 6 is an

ż09

ple.

Formation and existence of cavitation in hydraulic machines are determinęd also
:rrrformance parameters, especially the Net Positive Suction Head:

)

NPSH : oH :r::!: ,r2; .

1, l!ł
'.

hus equation: o -- Thoma cavitation index, H - head, p" and a"- pre§§ure and
velocity of liquid at the draft tube outlet, pp - pressure of liquid evaporation,

ryecilic weight of liquid, 9 - acceleration of gravity. ł,
ts already mentioned in section 2, the value of o index is often considered a measure

l

5o,s 615s 6o

coviloiion jndex 5
Fig. 7. Distortion of imp;!§r purnps.efficiency characteristics resulting from cavitation
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l,

t'

l'.

Fig. 8. Cavitation characteristic of a

versible machine during pumpĘ
P| optimum working point, P2 '-- workrę

H**, Q^i", Pl working point H^i,, A-

of cavitation development. It serves as a criterion of danger of cavitation
inside a machine (o,), indicates the permissible degree of development of the 

1

menon (o*.-) and determines its intensity. In the case of developed cavitation
a machine a break-down in the performance characteristics occurs. Fig. 7

typical characteristics ry(o) illustrating the effect ofdegree ofcavitation
on thę efficiency of impeller pumps. Different shape of 4(o) curves results,
others, from diffęrent design features and specific speed of the machines tested

Cavitation tests of a model hydraulic machine give some information aboU
behaviour within the desired range of variability of l{ and Q and indicate thc
quired suction head definęd by the inequality:

h" < ho-hr-o*,^H;,
where Ę means the atmospheric pressure hęad measured at the tail water free
and h, is the saturated vapour pressure.

Fig. 8 illustrates operating conditions of the machine in pumping'regime.
can distinguish here the limiting curves corresponding to incipient cavitation
ring on the back (suction) face of a blade - at smaller flow, rates, and on the
(pressure) face of a blade - at higher rates. On this ground one may indicatc
permissible range of machine operation in consideration of cavitation and
placing of the machine in relation to the tail water level. An example
Fig. 8 shows, that cavitation should be expected at high treads (Il-"J. It will be
rate but its material-damaging capacity will depend on many additional factorą i
ding the frequency of occurrence of operating conditions under consideration_

3.2. Indirect methods

Indirect methods enable detecting and assessment of cavitation intensity
different accuracy. They are used for watching the cavitation progre§§ in machi
well as for determining the permissible parameter§ of machine operation.
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The fo1lowing indirect methods have been developed* at the Institute of Fluid-Flow

chinery, P.A.Sci., in Gdańsk:
,lpticai (measurement of light beam attenuation, recording changes of intensitY

n j-ray beamo application of laser techniques),

:lectric (measurement of liquid resistance),
* rcoustic (measurement of cavitation noise),
_ ,. ibrativę (measurement of acceleration and vibration amplitude),

-\1t. Optical methods

The essence of detecting and observing cavitation development through measu-

ent of light bęam attenuation consists in dispersion of a light beam crossing a liquid

bubbles. Attenuation of light intensity depends on its wavelength, concentratton

sŁes of bubbles and the index of refraction.
{t the Institute of Fluid_Flow Machineiy of thę Polish Academy of Sciences

2ll

n*iurement of attenuation of light intensity is carried out with a probe designed by

\{ackiewicz U0]. It consists of two pieces of a metal pipe. Inside a longer pipe

r:on there is a movable insert with a light bulb (3 v), inside a shortęr sęction -
rcotoresistor. Both sections of the pipe wtth lenses mounted on the ends are joined

: fixing bars and a small tube with photoresistor leads. Current intensity (i) in the

:,loresistor circuit is measured by a microammeter of class 0,5,

Fig. 9 show§ an example of attenuation of light as a function ilio : f{o), where

iŁ 9. Dependencę of the relative attenuation of a white light

beam (i/io) on the cavitation index (o)

l photor$istane, ż lens, .l diaphragm,.4 light source

. Apart from the mentioned methods measurem€nts of lumindscence (first of all of sonoluminescence

fi".l, measurements of stresses in machinery components and changes of intensity of ultrasonic radiation

[9] are worth of notice.
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io means thc current intensity in cavitation free flow. The results indicate that a distins
attenuation of light beam occurred at o = 2, This value can be accepted as a critic
value corresponding to incipient cavitation" [t was confirmed by visual observatiom,,

One should notice that optical probes are vęry sensitive to any variations in ńr
flow and theY register different disturbance including the disturbance caused Ęcavitation. However the detection of cavitation can be done without particu.lm
difficulties.

OPtical methods may be used to a§§ess cavitation cloud structure. Conception d
"structure" concerns the form of the cloud, its constitution and oscillation in differem
Stage§ of cavitation development. Fig. l0 shows lines of equal gas phase contents m
a cloud close to an aerofoil NACA 2418.

-20

20

10

0

-10

-n
-]0

Fig. l0. Lines of equal gas ntents around tlte NACA 2418 in a cavitating flow (a
setting angle, o : 0.88 :'const)

The measurements were carried out by means of beam of y radiation emitted
'ilA-. contents of gas phase (vapour and gas mixture) were calculated based
the relative attenuation of a radiation beam of 1 mm diametęr crossing the zone
measurement.

Thb Percentage of vapour and gas mixture in the cavitation zone was calcu
from the relationship:

]0

20

10

0

-10

where 1-1o, I- and lo are
after crossing a chamber
respectively.

Measurements carried

_ ln(I .,,lI -)(0 : "'-' "'.l00%' ln(I,1I -)
the intensity of beam after crossing the
f,lled with water and after crossing an

out in tap water at a temperature of 20.C

cavitation zou.,
empty chamŁren

revealed thal n

phase contents around



rg: l l. Schematic diagram of the set lbr measuring the cavitation clclud pulsation frequency using
, rhe optical method
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the value of cavitation tndex* o : 0.88 maximum contents of vapour and gas mixtulc

are of the value from aboui 61,5% to about 660ń and occur in the initial part of the zom"

Flow of liquid around a body may be investigated by applying laser technique

Fig. 11,shows a schematic diagram of a set for measuring the frequency of cavitati

cloud pulsation at a single aerofoil. To investigate thę distribution of velocitY ro

the aeiofoil (Fig. 12) a differential laser anemometer RAL-2 designed and cons

at the Department of Plasma Dynamics of the Institute has been used.

Knowiedge of the velocity distribution leads to that of pre§§ure distribution

hencę to caviiation sensitivity of the body flown about. Cavitation sensitivity may

expressed by the formula:

Gi: -Cpmin

where c,: (p_p*)l{0.5pu2*):1_(ulu_)2 is a pressurę coefficient, whereas p, a,

p_ and"r_ J"nót. the.local,pre§§ure and yelocity and the same parameters in

nót oi.tuÓ.d by the presęnce of an obstacle. Although the above notions concern

inviscid and incomprissible flowo where cavitation occurs at the moment of reduc

of the local pressure to the''saturated vapour pre§§ure, still we don't commit a

mistake usirlg them for detection of cavitation under realistic conditions,

3.2.2" Electric methods

Electric methods consist in measuring the liquid resistance. These methodg

based [11] on the change of the medium permittivity as a result of presence of

tation Luuut". in the flów. It is assumed that if the liquid resistance is low, the

in the zone under consideration is cavitation free,-while the inciPience of cavi

is indicated by growth of the ręsistance. Changes of liquid resistance may be den

with the nerp or one or two electrodes. In the lirst case the electrode is set b
examined flow and changes of the medium permittivity are observed in dilferent

tation stages (resistance R) and stages with no cavitation (resistance Ro). In the src

ca§e one electrode is set in the examined flow (resistance R) while thę second ori
another place of the flow where cavitation doesn't occur (resistance R6).

Fig. 13. Yariation of the relative liquid
on the pump suction side and head -ćl vs. tbc

index o [l2]

* o = ł/.._p)l{o.Spv!), wherąp- - pre§sure in undisturbed flow, p, - pres§ure of liquid

tion, p - density ofliquid, u. - velocity of undisturbed flow.
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Fig. 13 shows the change of liquid resistance and the total head of an impeller
pump a§ functions of the cavitation index o, Electrodes were set up on an inner cir-
cumferencę of the pump suction nozzle,just upstream of the impellęr inlet. From both
§urves conclusions can be drawn that a change of liquid occurs before the break of
curves ll(o) revealing cavitation in an early stage of development, This observation
was confirmed by visual observations and control tests performed in the cavitation
runnel of the IF-FM P.A.Sci. designed for testing ship propellers.

3.2.3. Acoustic methods

Acoustic methods, rnaking use of conversion of flow energy disturbing into
rcoustic wave energ}; con§ist in measuring the acoustic pressure in the air (outside
ńe machine) and in the liquid (inside the machine). Microphones and hydrophones
lre the basic instrument§.

Most often sound level meters,consisting of a microphone and a measuring amplifier,
ihowing acoustic pressure in decibels, are employed for noise measurements. More
:iscerning assessment of noise measurement results consists in performing spectro-
ł.ralysis of sound.

Cavitation noise is an often measured parameter. Random acoustic signals of
Ctrasonic frequency (above 16 kHz) and continuous spectrum are.on".rn.d. Noise
neasurements are carried out mainly in the range of frequency from 105 to 108 Hz.

Figs 14-17 present some results of investigations carried out at the IF-FM as
łlell as at other laboratories. The possibility of detection and observation of cavita-
:on on the basis ofacoustic pressure change is evident, Figs 14 and 15 (the authors'
:wn investigations) and Fig. 16 (investigations carried out by others) indicate close
:elationship between acoustic pres§ure and cavitation development: while the value
f o indęx is decreasing the acoustic signal increases independently of the measuring
;ansducer art and situation. This increase occurs up to a certain threshold corręs-

e
myiłdbr

-)
m

b

lo

0ffi
o§

#-Pą(g)

Sg 14. T}re inlluence ofcavitation index o change
m the cavitation cloud length l, behind a cylin-
rncal bolt and on the hydroacoustic pressure

change p* [13]

!iig. l 5. The influence of hydrophonb position and
cavitation. development degree o on the acoustic

pre§§ure 11 value [15]



żt6 K. Steller, E, Partyka, M. Targan

.x]
ao,c) 

0
JU
Ęro
9-n
=8 -:o

-,o

iv
l o oł

tVlBROMETR ]KHZ
vENDEVCO ]0KHZ

NOE\ o ilKHZ
ńTt"]E 3MHZ

Fie. 16. Sound level variation (dBl
pending on the cavitation index ą
corded with difrerent measuring i

CAV|TATlON NUMBER ments (from [l4])

Loss 0f heod
AHlHo/a

6.NPS|-l/H

Q,Ołrrlzs
T .52,5"C

N=lffirpm

Relotive noise
l/lo"

intensi8

6-NPSH/H

ponding to strongly developed cavitation. The level of the recorded signal
under supercavitation conditions.

A similar.pattern of acoustic pressure changes is observed when testing
machines in the cavitation regime. The highe*t:,sound (.noise).le3el occ,urs

simultaneously with the bending of the p"rfor*un"e characl'eńtięs.(Fi8.

ł
]
2
1

0

-,l
-2
-3
-l.

Fig. 17. Test re§u|ts on Superphenix l pump model [24]
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:at the §ound level decręa§es in general, which is connected with a state in which
:;r.r,itation fills a significant part of space between thę blades,

Acoustic methods arę used in cavitation diagnosis of large hydraulic machines
ł rrking in water power plants. The ręsults of the authors' own investigations shown
:l Fig. l8 are an example. This drawing shows hydroacoustic noise variation under
,]T,e runner of a reversible machine versus opening of the guide-ring during pumping
,:,]wer of ó7 MW) and turbine operation (power of 50 MW). Also accelerations of

",,ibrating cover of the draft tube scuttle are pre§ented in this ligure. The cover acts
,łr a membrane of a kind, sensitive to dynamic efIects occurring under the runner. From
:c form of the curvo§ it is easy to infer that the most beneficial cavitation conditions
ucur during the tur$ine operation, at the guide-ring opening from 50 to 80%
lrnd that during pumping the influence of cavitation on the surroundings is most
tr:ense.

§

,€.\_J

c'
c
.9+o
Lg,
(l,

o
c
.ę
c'L

.€

guide wheet ryning,a,lĄ
r9 l8. Hydroacoustic noise emission and accele-
rr :n of vibrating draft tube of a reversible ma-

chinę vs. the guide-ring opening [t9]

Fig, 19. Cavitation noise emiśsion vs. pump dis-
charge Il7]

Fig. 19 is anotńer example indicating usefulness of the acoustic method for
ment of cavitation hazard to a machine. This figure presents the change of

,ltation noise level as a function of the liquid flow rate through a pump. The curve
: -ns not only about differenf intensities of the phenomenon, but also about thę
ł,able range of pump operation.
Worth mentioning here are the observations made by various investigators, inclu-

the authors, that it is advisable to use higher frequency transducers (> t00 kHz)
:easure the acoustic pres§ure in flow with cavitation. One may recommend Brtiel
t.aer hydrophones and Piezotronics pressure transducers of high sensitivity (on

^&pumping regirne ,' \n

turbining regime

ryning,q fĘ

.rrder of several pV/Pa) and small diameter (several mm).
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3.2.4. Vibrational methods

As vibrational method one under§tands diagnostic methods based on measu
and analysis of vibrations (displacement, velocity or acceleration) of a machine
equipment parts exposed to cavitation" The point in question concerns vi
which are caused by implosion and collision of cavitation bubbles and by cavi
clouds pulsation.

Usually the spectrum of vibration frequency is contained in the band from
to a dozen or so (several tens) kHz. When accelerations of vibrating machine
nents are measured, the most significant part of process energy is concentrated
the range of the highest measured frequencies, in the case of vibration veloci§
process energy is distributed evenly in the spectrum, in the case of displacement
is concentrated at the lowest frequencies,

The progress of vibration depends, of course, on the degree of cavitation
lopment. The vibration level increases owing to decrease of cavitation indęx
maximum for developed cavitation. For strongly developed cavitation the i
of vibration decreases,

Increase of the vibration levęl caused by cavitation occurrence in the flow is
always distinct. On this account and also because of the random character of vibrau
process, by observing a characteristics of machine vibration one can only roughll i
cate these operating parameters for which cavitation appears and reaches the hi
dynamic intensity. Fig, 20 may be an example. It presents the dependencę of vi
displacements in a body of a Kaplan turbine on the generating set power, As
from audiovisual observations cavitation in a bubbly form appears at the posEr
about 9 MW. At the power of about 12 MW it is strongly developed (intens€
cavitation) generating noise of moderatę intensity, and from 13 MW on it is a
of louder clicks arrd of unrhytmic din.

The influence of cavitation intensity and the angular velocity ro of a diagonal

ł32
łFd zg

l', 2Ę
l

20

16

ll

8

4

0

Fig. 20. Dependence of Kaplan turbine body vibratron amplitude on turbine set power



Detection and Assessment of Flow Cavitation Intensity 219

Fig. 21. Dependence of the pump body vibration
acce|eration a on the impeller angular velocity
,.l and cavitation index o ior the discharge coeffl-

cient <p* : Elq"pt- 1.22 U8]

urpeller on the level of the pump body vibration iś presented in Fig.21. From emPirical

rurla it appear§ that vibrative acceleration may be expressed-by the equation

a: Can,

ry:ere c is a function of the discharge coefflcient ę and cavitation index o while the

,iuue of the exponent n is contained within the bounds from2.4 to 3.1. One should

nention that tńis quantitative relationship conQerns a definite case, so it is characte-

ins:_ic for this particular case only and can't be a basis for generalization.

One,should point out the fact that exeept cavitation there exist also other forces

,r;n_:sing vibration of flow limitirrg walls. Separation of "cavitation free" runs comes

against seriou§ difliculties. The same takes place also during noise measurements.

:eived results may be disturbed also by reverberationso interferences, resonan§e,

tions and so on.

_rJ5, Hydrodynamic methods

Hydrodynamic methods consist in observing pre§sure pulsations produced by
-rtation and in measuring the flux of energy delivered by cavitation impulses to

::ansducer set up in the cavitation zone.

An example ofa spectrum of cavitation pressure pulsation in a diagonal pump is

m-xented in Fig. zz. inę lowest frequencies, on the order of a few Hz, are caused bY

ilr§sure micropulsations in the whole pumping system. They are the effect of a feedback

ltlv,,een the cavitation zone sizes and the pumping discharge under conditions of

ł[:.rngly developed cavitation. Frequencies from tens to several hundred kHz are arl

mect-ł cavitation cloud pulsation. These are usually pulsations of high amPtitude.

J:::sure pulsations caused by motion and development of cavitation bubbles arę

;:ntained in the band of frequencies from several to a dozen or so kHz, The highest

hąuencies in the range of tins, hundręds or even thousands kHz are the result of

rł.llsations caused by cavitation bubble implosion.
The flux of impact energy per unit of surface may be described as follows:

E: n?t*nrćr* .., łnlćo,
łhere n1, k21 .,. &tE numbers of pressure impulses at a męan energy leuel ar, ćr, ",
Histogramsbf pressure impulses received for different cavitation intensities in a flow
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Fig. 22. Spectrum of cavitation pressure pulsation in a diagonal pump

are Presented in Fig. 23. The transducer for pressure impulses measurements (pCD
Piezotronics transducer with a sensivity orO.iłS mVĄpa, resolution of 1.4 kpa_ n-

attention to variability of the number of impulses depending on the value of o in&g
and to the fact, that impulses reach their maximurn uulu", foi a certain defined cari:r_
tion number (this result is known from experimental and theoretical investigations;

Assuming that the energy of a single impulse is defined by power emitt.d n
a collapsing bubble and that the density of this power figures:

sonant frequencY 500 kHz, membrane diameter - 5 mm, litted for max. pressT1l,!
of'l00 MPa) was installed in the region of direct cavitation action. one shoula 5łn3

(where p is the impact pressure, 
"rO ";r;:''"!r*rof sound in a medium of densitl i,,,
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Flg.24. Dynamic index of cavttation intensit1 ,'l
a function of cavitation index o of a diagonal pu:;u
lor thc angular velocity tu: l57 rad s and : -

charge coefficient 9* : Elę.p,: 1.22

Fig, 23. Histograms of cavitation pulses
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the expression:

E q. ME:Ł'f ,,o?
1 i= r

can be a measure of cavitation intensity. Fig.24 presents the change of the energy flux
density I : 2.5. rc- 5 M Elpc in relation to cavitatiop index op : NPSH 1u2l2g)- 

| for
a diagonal pump. Worth noting are large changes of the cavitation intensity indicating
high erosion hazard for small values of oo.

As it follows from the experience of the Department of Fluid Dynamics of the
IF-FM, Pol. Acad. Sci., measurements of energy of pressure impulses are the best
way of assessing the influence of cavitation on a flow confining wall, and thus asses-
sing the cavitation intensity, forming a basis for prediction of erosion damage.

3.2.6. Destructive methods

Destructive methods consist in recording ćhanges which occur under the influence
of cavitation acting on §tructural materials of machines and modęls and test samples
of material inlayed in a flow conlining wall. The recording may concern observation
of surface changes, a mea§urement of ma§s or volume loss or medium depth of cavi_
tation pitting. Observations allow first of all to detect places exposed to cavitation
attack. To this end one may use coatings sensitive to cavitation aótivity. On coatings
of low durability marks of destructive action of cavitation occur already at small
intensities of the phenomenon. Marks of damage occurring on a model runner of
a turbine may be an example (Fig. 25), In thę case of cąvitation intensity assessment
one ma} use erosion tests of appropriate specimens of materials or inspection of
machines afte1 some time of operation. For instance one may use for tests: two

Fig. 25. Effccts of cavitation on a mocicl'impóller
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§pecimens made of the same material: a standard one (M) put to cavitation of knorll
intensity (MEń and a test sample (P) set in flow with cavitation of unknown inten_

sity (MEp). Cornparing medium durability 5 gm;n7mm31 of bołh pieces (óp and ć,
after the same time of cavitation activity one may infer about orosion and cavitatiot
intensity in a given place of flow. As proved in eariier works {for instance [23]) rit
may write roughly that:

Ł : §".rrLag}*
ó u R"uu.r, {ą M E)r'

or assuming the same cavitation resistance of the standard and test sample (R*,. v =
- R.ou,p) and similar efficiency of energy absorption by tlre material 0łu:4r),

_Ł:
óM

ME,
ME,

On the grounrJ of the above we may estimate the actual cavitation intensity leu$
for which the factor ME will be

MEp: vr,?,", óP

Also incubation (initiation) period and maximum darnage penetration rate MDP*
may be applied a§ measures allowing to assess the cavitation intensity. 6nę 5hgrłld
e*plain here that some authors [2ó] stress the relationship between the value f
MDPR and the acoustic power of a point (monclpolar) source l(R). This relation x
as follows:

MDPR: ClW(R)]'l'

in which C means a constant while power W(R) may be reckoned from the ęquaticĘr

W(R) =.{,rrr'
where l męans the unit acoustic energy flux emitted by a source set at a distance R, § g
the area of a surface which that flux "covers",

Generally one may say that destructive methods serv'ę mostly lbr revealing tiu
spots ęxposed to cavitation and assessing the cavitation erosion intensity.

4" Final remarks

It appears from the review of diagnostic methods suitable for detection and obsenz-
tion of cavitation development in hydraulic machines that most of them afe not gosc
for use under field conditions, Specifically, power-related and optical methods as
suitablę first of all for model investigations, while vibroacoustic methods can be uscd
for investigations under natural conditions.
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Table l

\-isual observations
power methods*
Ącoustic methods**
vibration methods
Hydrodynamicrnethods: 

' 
" 

'

a) according to energy flux
b) according to pressure pulsation

Destructive methods

t

0.3_0.4
1.05
0.9

0.6-0.9
0,25-0.95
depending on malerial

* This means distortion oi cavitaliofl characterisłics by tlreaking the curves of head, flow inten§ity, p0wer and efficiency

_:;rease o[ values ot lt, 0, N and ł rvithin l to 3%,
** conwrłs spectral analysis of cavitation noise.

One can €stimate the ęfficiency of diagnostic methods by comparing the results of
,..."ial observatiorr with the ręsults of rneasurement of different cavitation signs. such an

.J:ćlvsis was carried out for a radial-flow inrpeltrer pump by V. Kercan and F. Schweiger
_:]. Similar diagnosis for a diagonal pump was carried out in the Department of
: _ld Dynamics of the IF-FM [22]. I-isted in Table 1 arę some of results of this
,:,:j},sis. Number 1 means occurrence of cavitation in the flow at a stipulated incipient
:l "iiąi|61number 6,n : NPSH lH : |. Numbers difierent frorn one indicatę an earlier
. .Jter - in relation to cavitation inception discovered visually - occurrence of

:,"ticular marks of the phenomenon, And so numbers smaller than one give evidence

_:iven marks appearing at cavitation index srnaller than the value of cavitation
i,:eption index i.e. o 1 o',,, whęreas a number larger than one gives evidence of cavi-
J " on having beęn detęctęd earlier than noticed by the observęr, Differencęs betweęn
],.:iicular values indicate the known fact that particular signs of cavitation do not
,,:,:ur SifilUltaneously.

When assessing the diagnostic methods onę should take into account that their
l :iuation is based on the results of empirical investigations performed under different
.,:lditions of machine operation, thus at diffęrent speeds of inlpeller rotation and at
::irent heads. Among others that's why estimations are expressed by an interval of
ł :, numbers. Besidęs, recordęd signs of cavitation are disturbęd by other phenomena

] 5 .|o ls aottmtps
i: ]ó. Vartation ofthe ręlative density ofenergy Fig. 27. Relative cavitation noise intensity varia-

tion //lo vs. time l of material damaging [24]\,l ElMEo delivered to the cavitation chamber
: during time r of material damaging [23]

]tL,l;
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accompanying operation of the machine tested. This state of the art as well as flrx_
tuations of the measured parametęr§ have an effect on the results obtained. Nonet_
heless, numerical data indicatę that measurements of pressure pulsation in a flow an
the most controversial ones (large dispersion of. the impulse levels indicating cavita-
tion), while vibroacoustic methods do not arou§e distinct resęrvations (level d
impulses generated by cavitation differ only slightly).

APart from the power-related methods which are standard ones and most oftea
aPPlied during laboratory tests, one should acknowledge the §uperiority of hydrc,
dYnamic methods basęd on mea§urement of the flux of "cavitation enefgy" delivered
to the flow confining walls. Hydrodynamic methods may be ąlso acknówledged as
especially suitable for inferring about the hazard of cavitation erosion for machince
and devices. Fig, 26 may be an example. [t presęnts recorded signals of cavitatior
impingement in flow without and with material damaging cavitation [23]. Similar
curve (Fig. 27) was obtained by P. Courbiere |24] who applied cavitation obsena-
tion with an acoustic method.

Also vibroacoustic methods give good results, Distinguished here may be an
acoustic method consisting in analysing thę cavitation noise and suitable first of all
for detection of cavitation under natural conditions of machine operation,

Considering different aspects and criteria of assessment of hydraulic machinery,
qualities it is desirable to know the so-called "complex" characteristics. A characte_
ristics giving information about performance cavitation and vibroacoustic qualities
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lf a machine (Fig. 28) is meant here. Such a characteństics is suitable not only to

nsess the produci quality but also to determine the rated operating parameters and

:o predict machine performance under variou§ operation conditions.
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Wykrywanie i ocena natężenia kawitacji przeŃwowej

streszczenie

Praca zawiera krótki przegląd metod badawczych stosowanych w Zak|adńe Dynamiki Cieczy Instytrol
MaszYn PrzePłYwowYch PAN w Gdańsku, służących do wykrywania óraz oceny stopnia rozwoju Lr.
witacji w maszYnach i urządzeniach hydraulicznych. Przegląd iitustrowano wynikami badań własn_ld
i obcYch. Wskazano na efektywnoŚĆ opisanych metod oraz na.te metody, któie najlepiej nadają się fu,
diagnostyki kawitacji przepływowej.

W szczególności omówiono metody teoretyczne i doświadczatne,
W zakresie mętod teoret}cznych przedstawiono uproszczoną procedurę polegającą na zasto§owasnl

do ocenY zasięgu kawitacji w palisadach łopatkowych modelu ewolucji pojedynczego pęcherzyka kan,r-
tacYjnego oraz niektóre wyniki obliczeń numerycznych, wskazujące na móaiwose po|ru*n.jo p.r.*u-
dywania kawitacji w kićrownicach maszyn odwracalnych (rys. 5).

w zakresie metod doświadczalnych omówiono metody bezpośrednie i pośrednie.
Do metod bezPoŚrednich zallczono obserwacje wizualne i fotografowanie strefzagrożonych ka11,itn

(rYs. 6) oraz zniekształcenie charakterystyk energetycznych w przy|adku kawitacji roiwiniętej *. *nęń
masz}nY, TYPowe charakterystyki ł1(o) ilustrujące wpływ stopnia'rozwoju kawitacji na spiawność pory
wirowYch Przedstawiono na rYsunku 7, natomiast na rysunku 8 przedsiawiono wykres ilustrujący prarr
modelowej maszyny odwracalnej w różnych warunkach kawitacyjnych

Spośród metod pośrednich scharakteryzowano metody następujące:

- oPtYczne.(Pomiar osłabienia wiązki światła białego - rys. 9, rejestracja zmiany natężenia wiązki prc*
mieniowania 7 - rys. [0, zastosowanie anemometrii laserowej - iys, ll i l2).

- elektryczne (pomiar rezystancji cieczy - rys. 13),

- akustyczne (pomiar szumu względnie hałasu kawitacyjnego - rys. 14-:19),

- wibracyjne (pomiar przyspieszeń i amplitudy drgań - rys. 18,20 i 21),

- hydrodynamiczne (pomiar pulsacji ciśnienia i obciążeń kawitacyjnych - rys. 22+24),

- niszczące (pomiar ubytków materiału - rys. 25).

maszyn erozją kawitac5jnr
kawitacyjnej" dostarczonq
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:o ścianek ograniczających przepływ. Podkreślono także dobre własności diagnostyczne metod wibro-

:kustycznych, a zwlaszcza metody polegającej na analizie szumu kawitacyjnego.

Na zakończenie wskazano na celowość znajomości ,,kompleksowych" charakterystyk maszYn, informu-

-:cych o ich własnościach energetycznych, kawitacyjnych i wibroakustycznych,

oolrapyxnraM€ tr oqeHKa [HTeHcnBHocTn npoToqHofi l€BnTaqłrn

Perplłe

B paoore gan xopornłfi npocMoTp MeTo.[oB lłcc:re.{osaHnfi npHMeHreMbrx s Orłe,,l'e AllHaMl,lKu

l(fi.llxocTt{ I,Iucrnryra npoToqHblx MauIłH flAH s l-Aanr,cxe }l c',tyxaĘnx o§HapyxunaHfiro H oueHxe

:"Tenegn pa3BL1TIł, KaBI{TaqI{H B rrłApaBJrilqecxrłx Ma[I14Hax u ycrpońcrnax, flpocuorp IłnjlrocTpl,{pyeT,c,

a..yn"ruaur" co6cTBeHHbrx tł qyxnx lłcc,re.qogaHlłfi. Vralaga :QQerrnnuocrb olrtłcaHHbrx MeTo.IloB,

j Taxxe Te MeToAbl, xoTopbre oco6eHHo npilroAHbr Afi, AłrarxocTr,tKfi npoToqnofi rasriTaurin,

B oco6eggocrH o6cyxAa}oTc, TeopeTuqecKlte Ił 3KcneprłMeHTaflbHLle MeToAbl.

CpeAu reoperHqę€Klłx MeTo,[oB npeAcTaBJIeHbt ynpou€rłuax npo[eAypa ocHoBaHHa, Ha np[MeHeHIłH

:l9 6IIęHKIł npeAefla KaBIłTaIIfilł B nonaToqHHx perućrrax MoAeJlIł oAuHoqHoro KaBllTaulłoHnoro ny_

:§pbxa, a Tarxe HexoTopbre pe3yJTbTaTbr qIłcJIeHHblx pacv€ron, noKa3blBatouile Ha Bo3MoxHocTb npa,

]ł-lbHo.o npeAycMaTpIłBaHH, KaBłTa[r!, B HanpaB,,Ir}oulfix anilapa- aX o6parrurIx MauIłH (pnc, 5),

CpeAu rxcuepnMeHTaJlbHblx MeToAoB oocyxAarorcr Henocpe,ĄcTBeHHbre il nocpeAcTBeHHble MeToAbl,

K rłenocpegcrBeHHbtM MeToAaM 3aqrłcnrroTc, HarJrrAH},Ie ua§łp1eunr u SororpaQupoBaHl{e 3oH

-poxeHgblx KaBl{Ta[llefi (pnc. 6), a Ta(xe A€óopMauufl 3gepreTlłqecxux xapaKTepncTilK B cIyqae raBH_

_iiI}r' pa3BepĘyrofi aHyrprł MarlInnr,r. TnnuqHlie xapaKTeprłcTuKn ł(d), nnnrocTPl4PYtoxłfie BJ'll,i'Hue cTe-

ie!łH pa3BuTIl, KaBuTaul{lt Ha K.n.A. poTopHblx.HacocoB, [peAcTaB,,IeHbt Ha pI,IcyHI(e 7, a Ha plłcyHre 8 npe^-

_-rBJeH rpa$xr n1Jrrocrpupytoll1uń pa|ory rrło.ąąrrgofi ofiparuwoi,t Maillrfibl B pa3"IIłqHbIx 3(cnJ,IyaTa_

-ł ]HHbrx ycJloBHgx.

Cpełrł nocpeacTBeHHblx MeToAoB cxaparTepn3oBaHbl c,eAy}ouue MeToAbt:

onTuqecKfie (łrsuepeHue oc:ra6legtłr nyrra 6ełoro cBeTa _ ptłc. 9, perNcrpaull, H3MeHeHnf HHTeH_

:ił3HocTlłnyqKau3nyqeHur!_plłc. l0,npuMęHeHHe Ia3epHofiaHeMoMeTpilIł_puc. l1 ul2),

]_1el(TpilqecKlre (nluepeHne pe3ncTalłunu x}lAKocTI{ - 
prłc, l3), 

,
- 

"*y"r"n"""re 
(u:łrepenne (aBnTaIIlłoHHoro ruyMa - 

plłc, l4: l9),

rlł6paqnoHrrrte (usvepeHNe ycropeHnft H aMnflnTyA Kone6aHfifi __ pue. 18,20 u 2l),

rułpoanHaunqecK[e (rłrrrleperue nylscaqufi AaBIęHIł, rł KaBI{TaqI,roHHHx Harpy3oK - puc, 22-24),

-- pa3pyluarou{Ire (u3MepeHrre y6rrlefi .vnIeprĄała 
- 

puc- 25),

oco6errrro npuro.{HbtMll .IlJ, .ĘeJraHIł, BbIBoAoB o6 yrpore KaBr.tTauHoHHoń oposrłn oT}łoct{TeJIbHo

,].\{eHToB Ma[r}rH cqnTa}oTc, ruApoAttHaMr4r|ęcKlle MeToAbI, ocHoBaHńble Ha u3MepeHuł noToxa ..KaBu-

-i3oHgofi anepruu" Aocrarlnevofi t( cTeHKaM orpaHnqnBapułHM TeqeHue, flo.qqćpxlsarcTc, Ta(xe

.fo11r1e AuargocTl,rqecxrłe csoficrna au§poaxycruvecrfix MeToAos. a oco§eHHo MeToAa ocHoBaHHoro

ł, 3HaJlfi3e (aBuTaIIIroHHoro myMa.

B gax.nroqerrrłn yxa3blBaeTc, rra uełecoo6pa3HocTb 3Haqenfi, ,,KoMnJIeKcHux" xaParrePncTfiK Ma[!nH.

ł:;.!opłrlpyroułux o6 ux 3HepreTHqecrux, KaBIłTauHoHHl,tx Ił nN6poarycTuqecrrłx csoficrnax.


