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Relationship between cavitation structures and cavitation damage
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Abstract

A study of visual and erosion effects of cavitation on simple single hydrofoil configurations in a cavitation tunnel was made. A two-
dimensional hydrofoil with circular leading edge was used for the experiments. In addition, the hydrofoil geometry was modified to obtain
some three-dimensional cavitation effects. A thin copper foil, applied to the surface of the hydrofoil, was used as an erosion sensor. Cavitation
phenomenon above hydrofoils at different flow conditions (system pressure, water gas content) was observed. Images of vapour cavities
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rom above and from side view were taken. A statistical evaluation of cavitation structures was made. Images of damaged cop
ydrofoil surface were taken under sufficient magnification. A pit-count method, based on computer-aided image processing, w
irect measurement of the cavitation erosion by evaluating the damage of the surface of the hydrofoil. A relation between charac
avitation structures and cavitation damage was established.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Cavitation phenomenon, characterised by vapour gener-
tion and condensation, occurs frequently in hydraulic ma-
hines. It causes vibration, increase of hydrodynamic drag,
hanges in the flow hydrodynamics, noise, thermal and light
ffects like luminescence and, the most important of all, cav-

tation erosion.
It was Rayleigh[1] who first introduced the problem of

avitation erosion of the ship propellers. Since then, a wide
ange of studies that deal with problems from bubble dynam-
cs to material testing, have been made.

It is recognised that the most common mechanism of cav-
tation erosion is the so-called micro-jet phenomenon[2].
enjamin and Ellis[3] provided experimental proof of micro-

et formation. The process was later theoretically approached
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by Plesset and Chapmann[4] and again experimentally co
firmed by Lauterborn and Bolle[5] who provided high-spee
photographic observations of the initial stages of the coll
of a laser-generated bubble near the wall. It was found
the liquid jet that penetrates the bubble can reach a ve
of several 100 m/s. Bourne and Field[6] observed the inte
actions of plane shock waves with single cavities and stu
the processes occurring within the cavity during collaps

There is some evidence that other mechanisms are
considered as important as the micro-jet phenomenon fo
cavitation damage occurrence. Mørch[7] reports of the shoc
waves generated at the collapse of bubble clusters, while
et al.[8] considers also the splashing effect which follows
impact of the liquid jet.

Recently, there were many attempts to predict and co
the cavitation erosion. Some ideas can be found in PhD w
of Böhm[9], Hofmann[10] and Lohrberg[11].

Fig. 1schematically shows the process of cavitation c
implosion that begins with its separation from the attac
part of cavitation. It then travels with the flow and collap
in the higher pressure region. Its collapse causes the
mation of the re-entrant jet (frame 4), which causes a
rane.sirok@fs.uni-lj.si (B.Sirok).
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Nomenclature

A pixel gray level
i i co-ordinate in the image
j j co-ordinate in the image
n image number
N number of images
p∞ pressure at the inlet to the test section
pv vapour pressure
Re Reynolds number (=νd/ν)
T∞ fluid temperature
v velocity

Greek letters
µ mean value of gray level
ν viscosity
σ cavitation number
σ standard deviation of gray level

separation of the cavitation cloud. Frame 6 shows the possi-
bility of micro-jet formation (the inserted image is courtesy
of Prof. L.A. Crum published in[2]).

Because of the collapse of a group of bubbles (cavitation
cloud), a pressure wave of magnitude of several 100 kPa is
emitted. These repeating transient collapses can cause cavi-
tation erosion and can also produce some other effects like
luminescence[12]. The pressure wave with sufficient magni-
tude, acts on the bubbles of a spherical shape that are po-
sitioned close to the surface of the submerged body. The
shape of the bubble becomes unstable, it begins to oscillate. If
the amplitude of oscillations is big enough, a micro-jet phe-
nomenon can occur. The fluid that surrounds the bubble takes
a shape of jet through the bubble in the direction towards the
solid surface (Fig. 2).

This micro-jet can reach high local velocities (several
100 m/s) that cause a shock (the order of magnitude is big-
ger than 1 GPa, the duration is approximately 1 ns and the
affected area is in order of a few�m2) with high local ten-
sion of the material[13]. The damage of the surface appears
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Fig. 2. Micro-jet mechanism. As a response to the pressure wave the initially
spherical bubble starts to oscillate. If the oscillations are big enough the
surrounding liquid penetrates the bubble and flows through it toward the solid
surface. As it hits the solid surface a formation of a pit (plastic deformation)
can occur.

in a form of microscopic plastic deformations, called pits
[14].

Due to difficulties of measuring the pressure peaks caused
by bubble implosions it is not possible to define the aggres-
siveness of cavitation erosion on purely hydrodynamic basis.
Methods of measuring are, for example vibratory determina-
tion [15] or the usage of soft metal (aluminium or copper)
or paint coating of the submerged body as a sensor[16–20].
The erosion evaluation method, using the number, distribu-
tion and shape of the pits caused by bubble implosions on
the soft surface coating gives us a detailed knowledge of the
cavitation erosion mechanism.

Different approaches of cavitation erosion prediction and
its relation to macroscopic cavitation structures have already
been discussed[21–24].

This paper discusses the relation between optically ob-
served cavitation structures above different single hydrofoils
and the erosion on the surface of the hydrofoils. Due to the
time limitation of the experiment a soft copper foil was ap-
plied to the surface of the hydrofoil to obtain the sufficient
number of pits in a shorter time period (30 min to 4 h). To
obtain a three-dimensional cavitation pattern and asymmet-
ric erosion distribution a basic (symmetric two-dimensional)
hydrofoil configuration was modified by sweeping back the
leading edge at a certain angle (Fig. 3).
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ig. 1. Collapse of the united group of bubbles (cavitation cloud). The
ess begins with cavitation cloud separation, which is caused by t
ntrant jet (4). The cavitation cloud travels with the flow and collapses
igher pressure region. The shock wave emitted at cavitation cloud co

nfluences the bubbles that are positioned near the wall, which can re
ith the formation of a micro-jet (inserted frame is courtesy of Prof.
rum published in[2]). The collapse of the cloud generates the re-en

et that causes a new cavitation cloud separation and the process is re
 .

Cavitation was studied on three different hydrofoils
ifferent operating conditions (cavitation number, water
ontent).

The final goal of the work is to find general correlatio
nd rules, which will serve as a base for developmen
n expert system for monitoring and control of cavita

ig. 3. Copper coated CLE, ALE15 and ALE25 hydrofoils used for
xperiment. The hydrofoils are 107.9 mm long, 50 mm wide and 16
hick. To get some three-dimensional cavitation effects, the basic geo
as modified by sweeping back the leading edge for 15◦ and 25◦.
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in hydraulic machinery by means of different visualization
techniques.

2. Experimental set up

Cavitation tests were performed in a cavitation tunnel at
the Laboratory for Turbomachinery and Fluid power, Darm-
stadt University of Technology.

Three simple hydrofoils were used. The basic geometry
is 50 mm wide, 107.9 mm long and 16 mm thick symmet-
ric hydrofoil with circular leading edge and parallel walls
(CLE: Circular Leading Edge hydrofoil). In order to obtain
three-dimensional cavitation effects, the basic geometry was
modified by sweeping back the leading edge at an angle of
15◦ and 25◦, respectively (ALE15 and ALE25; ALE: Asym-
metric Leading Edge hydrofoil;Fig. 3).

Hydrofoil was put into a rectangular test section of the
cavitation tunnel (Fig. 4) with closed circuit what enabled
to vary the system pressure and consequently the cavitation
number. The test section of the cavitation tunnel is 500 mm
long, 100 mm high and 50 mm wide. Two observation win-
dows are mounted for top and side view observation.

The velocity in the reference plane upstream of the hydro-
foil was held constant at 13 m/s (Reynolds number based on
h t-
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Table 1
Parameters of investigated cavitation conditions

Test Hydrofoil Cavitation
number

Gas content
(mgg/lw)

1 CLE 2.0 14.0
2 CLE 2.3 13.8
3 CLE 2.5 14.0
4 CLE 2.0 47.8
5 CLE 2.3 48.9
6 CLE 2.5 49.2
7 ALE15 2.0 14.8
8 ALE15 2.3 14.5
9 ALE15 2.5 14.9

10 ALE25 2.0 14.8
11 ALE25 2.3 14.7
12 ALE25 2.5 14.7

Water quality, which can be measured by its content of dis-
solved and undissolved gasses, was changed using the bubble
generator system in the range from 14.3± 0.5 mgg/lw (mil-
ligrams of gas per liter of water) for low gas content to 48.5
± 0.7 mgg/lw for high gas content.

The parameters of the experiments can be found inTable 1.

3. Cavitation image capturing

A sufficient number of images of vapour cavities from
top and side view were taken in order to get a representative
pattern for each cavitation condition (Figs. 5 and 9).

A CCD camera SensiCam with sensor CCD-Interline Pro-
gressive Scan was used. Images were captured at 8 bit reso-
lution in m-jpeg format. The size of captured image is 860×
1280 pixels for the top view and 1280× 860 pixels in case
of the side view.

The illumination was provided by stroboscopic light. The
position of the light source and the CCD camera can be seen
in Fig. 5. Frequency of image capturing was relatively low,
approximately 2 Hz.

Fig. 6 shows a sequence of six images of cavitation
structures on ALE25 hydrofoil at low gas content and at a
cavitation number of 2.0 from top view. A significant dy-
n wall

F ) and
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ydrofoil thickness was:Re= 208,000). Developed cavita
ng flow was observed at 5◦ incidence angle and at differe
alues of cavitation number (2.5, 2.3, 2.0), which is defi
s the difference between the pressure at the inlet to th
ectionp∞ (measured on the position 400 mm upstream
he hydrofoil) and vapour pressurepv (at system temper
ureT∞) divided by the dynamic pressure (defined by fl
ensityρ and flow velocityv):

= p∞ − pvT∞
ρv2/2

. (1)

Decreasing the cavitation number, results in higher pr
ility in cavitation occurrence or in increase of the magnit
f the already present cavitation.

Considering the combination of inaccuracies of press
elocity and temperature measurements, the cavitation
er could be determined within±0.02 of global uncertaint

ig. 4. Cavitation tunnel. The test section is 500 mm long 100 mm hig
0 mm wide. The maximal flow velocity is 20 m/s. The pressure at the

o the test section can be adjusted between 0.2 and 5 bar.
amic cavitation behaviour can be seen near the front

ig. 5. The arrangement of CCD camera (1), stroboscopic light (2
ydrofoil (3) for a side (left picture) and top view (right picture) ima
cquisition. It was found that the light source must be positioned at 4◦ to

he camera to get the best image quality.
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Fig. 6. Sequence of top view images for ALE25 hydrofoil. The flow is from
left to the right. Significant dynamic cavitation behaviour can be seen near
the front wall, while the cavitation at the rear wall remains nearly steady.

(fluctuations of cavitation region with separation of the cav-
itation cloud) while cavitation at the rear wall (where the
hydrofoil length is the greatest) remains nearly steady (with
no cloud separation).

4. Cavitation erosion tests

Due to the problems with reproducibility of the galvanic
copper coating method, only a small part of the surface was
investigated for the cavitation erosion in previous investiga-
tions. This was done using pure copper specimens inserted
into the hydrofoil[10]. To get the information about the ero-
sion on the whole surface of the hydrofoil, a polished copper
foil, 0.2-mm thick, was fixed to its surface using adhesive
film. The hardness of the copper coating was approximately
40 HV. A sufficient number of pits was obtained after 1 h ex-
posure to the cavitating flow (the exposure time was constant
for all operating conditions).

Pits have a diameter of magnitude order 10−5 m, and can
be distinguished only by sufficient magnification. Images of
the pitted surface were acquired using an Olympus BX-40
microscope and a CCD camera (Fig. 7).

The enlargement scale was 50:1 leading to the resolution
of 1.95�m per pixel. 925 images (one image embraces an
a en
f d by
i oated
h

Fig. 7. Camera, microscope, light source and hydrofoil arrangement for
surface image acquisition. About 925 images of the pitted surface were
taken for each experiment.

Fig. 8. Image of the surface prior (left) and after (right) the exposure to the
cavitating flow. While we see no damage on the left image, almost 5% of
the surface on the right image is covered with pits.

Fig. 8shows an image of the surface before the exposure
to cavitating flow (left) (0% damaged surface) and after 1 h
of exposure (right) (4.98% damaged surface).

5. Image post-processing

Image post-processing is based on the fact that imagen
with ij pixels can be presented as a matrix with ij elements. 8
bit resolution gives 256 levels of grey levelA(i, j, n), which
the matrix element can occupy (0 for black pixel and 255 for
white pixel):

A(i, j, n) ∈ {0, 1, . . . , 255}. (2)
rea of 1.2 mm× 1.5 mm big) of the pitted surface were tak
or each operating point (the part of the surface evaluate
mages represents approximately 48% of the copper c
ydrofoil surface).
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Each image is presented as a matrix:

Image (n) =




A(1, 1, n) · · · A(i, 1, n)

A(1, 2, n) · · · A(i, 2, n)
...

...
...

A(1, j, n) · · · A(i, j, n)




, (3)

Interesting parameters are the mean value of grey level of
the ij th matrix element in the series ofN imagesµ(i, j) and
the standard deviation of grey level of theij th matrix element
in the series ofN imagesσ(i, j):

µ(i, j) = 1

N

N∑
n=1

A(i, j, n), (4)

σ(i, j) =
√√√√ 1

N − 1

N∑
n=1

[
A(i, j, n) − µ(ij)

]2
, (5)

Results of functionsµ(i, j) andσ(i, j) are best presented as
contour diagrams in matrix form:

µ(i, j) =




µ(1, 1) · · · µ(i, 1)

µ(1, 2) · · · µ(i, 2)
...

...
...




, (6)
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Fig. 9. Convergence test for mean value (upper images) and standard devi-
ation (lower images) of grey level (top view). It can be seen that almost no
change in the mean value of gray level or in the standard deviation of gray
level can be seen after considering more than 30 images.

Fig. 10. Mean value and standard deviation of gray level distribution for
CLE hydrofoil; σ = 2.0, low gas content = 14 mgg/lw. Observing the side
view we can see that the maximum of standard deviation is far away from
the surface of the hydrofoil. The larger distance contributes to lower damage
of the surface (observingFig. 18).

the cavitation number the zone of cavitation cloud separation
(in the diagrams characterised by the maximum of standard
deviation) moves along the hydrofoil but also away from the
hydrofoil surface.

While the diagrams of the mean value of grey level do
not show any unusual features, the contour diagrams of the

Fig. 11. Mean value and standard deviation of gray level distribution for CLE
hydrofoil; σ = 2.3, low gas content = 13.8 mgg/lw. Side view distribution of
standard deviation reveals that the position of the maximum is closer to the
surface. It also shows a significant region with higher values of standard
deviation, which suggests highly dynamical behaviour of cavitation in this
region.
µ(1, j) · · · µ(i, j)

(i, j) =




σ(1, 1) · · · σ(i, 1)

σ(1, 2) · · · σ(i, 2)
...

...
...

σ(1, j) · · · σ(i, j)




. (7)

Convergence of the mean value and the standard dev
f grey level was studied to determine the minimum num
f images that need to be included in the post processin

It can be seen that the mean value and standard dev
f grey level in the images do not change significantly w

aking in account more than 30 images (Fig. 9). The uncer
ainty level of less than 1% for the mean value and less
.5% for the standard deviation was estimated for the
ith 50 images.
Contour diagrams of mean value of gray levelµ and stan

ard deviationσ of gray level for cavitation numbers 2.0, 2
nd 2.5, incidence angle 5◦, low and high water gas conte
nd constant upstream velocity 13 m/s for CLE, ALE15
LE25 are presented inFigs. 10–15.
The flow is from left to right. The left images show t

istribution of mean value (scaled to 0—black, 250—wh
hile the right ones represent the distribution of stan
eviation (scaled to 0—white, 50—black). The upper

mages show the top view while the bottom two show
ide view.

It can be seen fromFigs. 10–12that the volume of cavita
ion structure grows when cavitation number decreases
our diagrams of the mean value of gray level). By decrea
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Fig. 12. Mean value and standard deviation of gray level distribution for CLE
hydrofoil; σ = 2.5, low gas content = 14 mgg/lw. The standard deviation of
the gray level (both side and top view) is smaller than inFig. 11, hence we
can expect less damage at the surface.

Fig. 13. Mean value and standard deviation of gray level distribution for
CLE hydrofoil;σ = 2.3, high gas content = 48.9 mgg/lw. We can see that the
cavitation grows when the gas content is increased. Also, the lower values
of standard deviation suggest less dynamical behaviour.

Fig. 14. Mean value and standard deviation of gray level distribution for
ALE15 hydrofoil;σ = 2.3, low gas content = 14.5 mgg/lw. Looking the top
view distributions we can see that the maximum of standard deviation is in
the region close to the front wall (where the hydrofoil is the shortest), which
relates very well to the region where we have dynamical cavitation (cloud
separation, observingFig. 6).

Fig. 15. Mean value and standard deviation of gray level distribution for
ALE25 hydrofoil;σ = 2.3, low gas content = 14.7 mgg/lw. The distribution
of standard deviation suggests that the region of where cavitation cloud
separation occurs is even more specific (concentrated in the region near the
front wall) than in case with ALE15 hydrofoilFig. 14.

Fig. 16. Schematically presented distribution of the standard deviation dis-
tribution for the side (left) and top view (right). The source of the higher
value of standard deviation in region B is cavitation cloud separation.

standard deviation of the grey level need to be explained in
more detail. Side view diagrams show a significant thin re-
gion of higher standard deviation (region A inFig. 16). The
cause for the higher value of standard deviation is not the cav-
itation cloud separation (region B inFig. 16) but the small
oscillations in the volume of the attached (quasi steady) part
of the cavitation. The same phenomenon can be seen in the
top view images for the cases with asymmetric hydrofoil.
At the back wall of the channel (where the hydrofoil is the
longest) a thin region of higher value of the standard devia-
tion at the end of the attached (quasi steady) cavitation can
be observed (region A inFig. 16).

The gas content influences the cavitation structure in two
ways. It can be seen that for the high gas content (Fig. 13)
the position of the maximum value of standard deviation of
gray level is not as specific as in the case of low gas content
(Fig. 11). Also, the maximum value is higher for the case of
low gas content. The gas content also influences the volume
of the cavitation structures. It can be seen that the average
cavitation structure is bigger in the case of high gas content,
although all other parameters (flow velocity, cavitation num-
ber and incidence angle) were the same (diagrams of mean
gray value inFigs. 11 and 13).

The cases with asymmetric hydrofoils (ALE15 and
ALE25) show obvious 3D asymmetric cavitation structures.
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y observing the top view contour diagrams of standard
iation (Figs. 14 and 15) we see that the dynamic cavitati
henomenon (separation of cavitation clouds, here ch

erised by a higher value of standard deviation) occurs
n a region close to the front wall of the cavitation tun
where the hydrofoil length is the smallest).

The cavitation image post-processing can serve as a t
istinguish between steady and unsteady parts of cavit
he standard deviation maximum (the B type inFig. 16) is a
onsequence of highly unsteady cavitation behaviour, w
s believed to be the main cause for most of the problems
riginate from cavitating flow, also for the cavitation eros

. Pit-count erosion evaluation method

The intensity of cavitation erosion was determined by
it-count method. The method is based on the assum

hat the area of pitted surface and the number of pits
re created by bubble implosions (micro-jet impacts)
ertain time of exposure to cavitating flow give a quantita
easure of the intensity of cavitation erosion.
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The pit-count software developed at the Laboratory for
Turbomachinery and Fluid Power determines the pits from
the darker regions in an image, while the brighter area is
assumed to be undamaged surface (a detailed description of
optical 2D analyses of a pitted surface can be found in[14]).

Surface image is reconstructed by using a circular structur-
ing element. It has been determined that a circularly shaped
structural element 8 pixels (about 16�m) in diameter gives
the most plausible results.

A problem that has to be considered is the possibility of
overlapping of the pits. Pit clusters are created by chance
during longer tests, by collapse of a group of bubbles or by
rebounds of a single bubble.

The principle that is used for pit separation is that a single
pit cannot form a concave shape. Hence, a concavely shaped
dark region is divided into a number of individual objects
each having a convex shape. The separated objects are then
enlarged to fill out the original object size. If an image object
is caused by overleaping pits it is possible that one pixel is
shared by two or more pits (Fig. 17).

The pit-count method gives a distribution of the number
and the area of the pits and consequently, the distribution of
the magnitude of cavitation erosion on the surface.

The distributions of magnitude of cavitation erosion on
the surfaces of the hydrofoils for parameters given inTable 1
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Fig. 18. Pit distribution for CLE hydrofoil, low gas content <15 mgg/lw.
The maximum of damage moves away from the leading edge as cavitation
number is decreasing. The position of the maximum of damage corresponds
to position of cavitation cloud separation, characterised by higher value of
standard deviation (Figs. 10–12).

separation occurs at the end and also behind the copper foil;
Fig. 10) and the cloud implosions occur further away from
the surface (amplitude of the emitted shock wave is decreased
by the distance until it reaches the surface of the hydrofoil)
contribute to the smaller damage of the copper coated surface
of the hydrofoil.

As expected the water gas content plays a major role in the
process of cavitation erosion. The surface sustains up to 50
times less damage in cases with high gas content than in cases
with low gas content (Figs. 18 and 19). The reason probably
lies in the fact that presence of gas in water attenuates the
pressure wave emitted by the bubble cloud implosion (Fig. 1).
The bubbles near the surface do not begin to oscillate and the
micro-jet phenomenon that causes the surface erosion does
not occur.

The cavitation structures in the cases with asymmetric hy-
drofoil (ALE15 and ALE25) show dynamic cavitation be-
haviour only in the region near the front wall (where the
hydrofoil length is the smallest) (Figs. 14 and 15). As ex-
pected the surface damage corresponds to the position of the
higher value of standard deviation of gray level (comparing
Figs. 14 and 15with Figs. 20 and 21). The results confirm
the hypothesis that the cavitation erosion is conditioned by
the dynamic behaviour of cavitation (cavitation cloud sepa-
ration).

F
o d up to
5 data in
F

re presented. A sufficient number of pits was obtained
he hydrofoil was exposed to cavitating flow for a period
h. The exposure time was the same for all cases.
Each contour diagram is a result of an interpolation of

ount measurements at approximately 925 positions o
ydrofoil surface.

The flow is from bottom to top. The results of surfa
amage for the low gas content (<15 mgg/lw) are scaled to 0%
urface damage—white and 10% surface damage—bla
he case of high gas content (>45 mgg/lw), the scale is 0%
urface damage—white and 2% surface damage—black
alue of eroded surface (ES) represents the part of the w
urface that is damaged (covered by pits).

It can be seen that the ES maximum occurs at cavit
umber 2.3 in the case of the CLE hydrofoil (Fig. 18). The
eason for this is that the dynamic behaviour of cavitatio
ot strong enough to cause more damage to the surfa

he case of cavitation number 2.5. On the other hand, i
ase with cavitation number 2.0, the cavitation moves fu
way from the leading edge of the hydrofoil (cavitation cl

ig. 17. Detection of pits on the surface by the pit-count method. The
ram recognizes the darker regions as damaged surfaces. It can also
uish several pits that are overleaping.
-

ig. 19. Pit distribution for CLE hydrofoil, high gas content >45 mgg/lw. An
bvious influence of gas content can be seen. The surface sustaine
0 times less damage when high gas content was used (comparing
igs. 18 and 19).
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Fig. 20. Pit distribution for ALE15 hydrofoil, low gas content <15 mgg/lw.
Results show that the cloud separation is a needed condition for cavitation
damage. The hydrofoils were significantly damaged only in the region where
cavitation cloud separation occurs.

Fig. 21. Pit distribution for ALE25 hydrofoil, low gas content <15 mgg/lw.
The relation between cavitation cloud shedding and cavitation damage is
even more obvious in the case of ALE25 hydrofoil (in comparison to the
ALE15 hydrofoil;Fig. 20).

The ES value increases with decreasing cavitation num-
ber for the ALE15 and ALE25 hydrofoils. The reason lies in
different flow pattern. The length of the cavitation structure
does not exceed the length of the copper foil (even in the case
with cavitation number 2.0), hence, the cavitation cloud sep-
aration always occurs above the copper foil. Moreover, the
distance of cloud implosion from the surface of the hydro-
foil remains approximately constant and does not increase
with decreasing cavitation number as in the case for the CLE
hydrofoil.

7. Conclusions

A study of visually observable and erosion effects of cavi-
tation was presented. Three different hydrofoil configurations
were used and 12 different tests were conducted.

It was found that the value of standard deviation of grey
level could be used as the parameter for describing the un-
steadiness of cavitation.

An obvious correlation between cavitation structures and
cavitation erosion was found. The position and distribution of
pits on the copper coated surface correlates to the distribution
of the standard deviation of grey level.

A hypothesis that the cavitation erosion is conditioned by
the dynamic behaviour of cavitation (cavitation cloud sepa-
ration) was successfully confirmed.
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