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On the Mechanism of Cavitation Damage by
Nonhemispherical Cavities Collapsing in
Contact With a Solid Boundary

A perfect fludd theory, which neglects the effect of gravity, and which assumes that the
pressure inside a cavitation bubble remains constant during the collapse process, is given

for the case of a nonhemispherical, but axially symmetric cavity which collapses in con-

tact with a solid boundary. The theory suggests the possibility that such a cavity may
deform to the extent that its wall strikes the solid boundary before minimum cavity volume
is reached  High-speed motion pictures of cavities generated by spark methods are
used to test the theory experimentally. .lgreement between theory and experiment is
good for the range of experimental cavities considered, and the phenomenon of the cavity
wall striking the solid boundary does indeed occur.  Studies of damage by cavities of
this type on soft aluminum samples reveals that pressures caused by the cavity wall
striking the boundary are higher than these resulting [rom a compression of gases inside

the cavity, and ure vesponsible for the damage.

Introduction

“xT![. the present, most of the theor tieal efforts to
explain damage by ecavitation were spent in attempts to under-
stand the collapse process of spherical cavities in an infinite
liquid. This problem is complicated beeause effects of compressi-
bility, surface tension, and viscosity play an important role.
Furthermore, the behavior of the gascous substances ingide the
cavity, and especially the nonequilibrium behavior of the in-
cluded vapor under high rates of compression are not known.

It has been realized for some time that the spherical shape of a
collapsing eavity is unstable in the sense that a finite initial per-
turbation of the spherical shape will grow very Inrge as the cavity
collapses. This instability is demonstrated elegantly in a publica-
tion by Plesset and Mitchell [1].2

In view of the asymmetric perturbing influcnees which aet on
a eavity collapsing close to, or in contact with, a solid hounda
it appears reasonable to expeet that eavities which do not remzn
spherically symmetrie during collapse conld play an important
role in cavitation damage. Eisenberg [2] recognized the possibil
ity in 1950 when he speculated that jets formed during the un-
symmetrical collapse of cavitation bubbles could be responsible
for the damage. 3] also suggested this
mechanism of damage in a 1944 publication.

Kornfeld and Suvorov

The object of the present study is to investigate the eollapse
process of, and the mechanism of damage by, cavities in contact
with a solid houndary which collapse nonhemispherically mainly
as o result of initial perturbations of the hemispherical shape. 1t
is hoped that such a study may be the first step in understanding
the mechanism of damage by eavities which eollapse nonhemi-
spherically as a result of other effects,

I Condensed from a 1960 California Institute of Technology PhD
thesis by €, F. Naudé,

! Numbers in brackets designate References at end of paper.

Contributed by the Cavitation Subcommittee of the Hydraulic
Division of Tee AMeEricaN SocieTy oF MECHANICAL ENGINEERS and
presented at  the ASME-EIC Hydraulie Conference, Montreal,
Canada, May 7-10, 1961, Manuseript received at ASME Head-
quarters, January 30, 1961, Paper No. 61— Hyd-8.

Theory

Consider a eavity which is synmmetrie about a line normal to o
=olid plane boundary. A spherical co-ordinate system as shown
in Fig 1 is chosen for the formulation of the problem,

SOLID PLANE
BOUNDARY

The spherical co-ordinate system

Fig. 1

The following assumptions will be used:

The liquid is incompressible.

The pressure inside the eavity is constant.
3 The effect of viscosity is negligible,

1 Surface tension and adhesion are negligible.
5 The effect of gravity is negligible,

1
2

A brief diseussion of the validity of the assumptions follows at the
end of the theoretical work.

With the assumptions listed above the problem is redueed to
solving the differential equation

Vidir, 0,8 = 0 (1
where @ is a sealar potential function such that V& = ¢, the

velocity veetor,
satisfied

The following boundary conditions must he
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Discussion on this paper will be accepted at ASME Headquarters until June 10, 1961



where p.. and p, are the constant pressures at infinity and in the
eavity, respectively, and p is the liquid density.
o 1 0% oR olt (%)
e et = — a
or rt off of |n ot
where (15 the time. A solution to Kquation (1) which satisfies
Kauations (2) and (3) is

o £ 5 -
®(r, 0, 1) = «p_:) + 2 bull) o, Pulcos ) (6)

4
n=1

where Pyu(cos 0) are Legendre polynomials, and ¢, and ¢, are
time-dependent coefficients in the expansion. One is thus led to
ExXpress

R(B, () = Ro() + D Ruult) Puu(cos 6) &)

n=1

where Iy and R, are time-dependent coefficients in the expansion.
The procedure for solution is then to substitute Equations (6)
and (7) into Equations (4) and (5), thus obtaining the differential
equations that must be satistied by ¢y, ¢u., Ry, and Rs,. These
differential equations are then solved with the initial conditions.

R(8,0) = Ry(0) + D, Ruuf0)Pesleos ) (8)
n=1
dft = R,
— = i - T
o (0.0 ; o (OPucos ). ()

1y,
The quantities Ry(0), R..(0), and ’T: (0) are specified,  Time
d

t = 015 chosen such that dR,/dt = (.

In view of the nonlinearity of Equations (4) and (5), an at-
tempt is made to obtain a perturbation solution for restricted
values of the quantities ¢, and R...

First Perturbation Procedure. Assume that the sums on the right-
hand sides of Kquations (6) and (7) are small compared to ¢,/r
andd f2,, respectively, so that all interactions between terms in
these sums may be neglected. Substituting Equations (6) and (7)
into Equations (4) and (5), and using the orthogonality of Le-
gendre polynomials, one finds

“ ¥ e - 1/,_.
b = l:% {“’p—p' Ro(RM0) — Ra=}] (10)
Ry(0) 1 dE
e T 0 11
2 Pw — P hfm L——l 2 s
3 p m(0) | £

The time at which f, becomes zero is given by

0.915R(0) ,

= (12)
[Em 3 p,]"'
p

The Pycos #) component of the bubble thus still satisfies the
Rayleigh theory.

- o Ry0) ? R,
With the substitut =t = z and - =
ith the substitutions [ i :I x anc Ran(0) b

the following equation is obtained for the Ry,:

d*yu, I 5 idijsn 1
1l —xjz — + | — — = — —(2n — Dy = O
: P g (:; 6 ’) & k=0

T =

(13)

Equation (13) is of hypergeometrie form [4], with

2

1
an) = o (=14 i(48n ~ 25)'/9)

(14)

1 1
bin) = = (—1 — i(48n — 25)'/)

and the general solution can be written in the form [4]

2 1 1
Yau = Agr—oF (ﬂ' a + :;: b = --.)

2 T

WY Al l 3 l
4+ B (1 — ) F | —=b4+ —; —=b4+1; —; 1 —
3 Z =
- A'l-Er.y!rll + Bg.ayup., (15)
where the hypergeometric funetion £ is given by
(@), (B)
P B s ) (@DnlB)m ,,,
m=1) (1)
and (16)

(@ = e+ m)/a).

The constants As, and Ba, are readily determined from the initial
conditions

.'lgu = 1

difsn
Ba, = 0.892 —e (17
dait/ 1)
The solutions yu,, and Yy, are shown in Figs. 2 and 3, respec-
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Fig. 2 The first solution to Equation (13), yur,, as a function of R,/R,(0)
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Fig. 3 The d solution to Equati (13), yuu; @s a function of
Rq/Ry(0)
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tively, as functions of Ry/Ry(0). The solutions given here are
the same as the one obtained by Plesset and Mitchell [1]. In
the present case, odd Legendre polynomials have been eliminated
because of the boundary. Both e, and ya,, exhibit an interesting
characteristic, namely, that they oscillate with inereasing ampli-
tude and frequency as R, approaches zero. Physically this im-

plies that a finite initial perturbation, z a0 Py, of the hemi-
n=1
spherical shape could grow so large that the eavity wall could
strike the solid boundary before I, becomes zero. Beeause of
the large perturbation quantities that are involved at this stage
of collapse it is not possible to apply the simple theory that has
been presented. As far as damage by cavitation is conecerned, the
suggestions offered by this theory are interesting enough to
stimulate further investigation.
S d Perturbati Procedure. Comnsider a somewhat more
physically realistic cavity for which Ry > Iy > Ry > R, and Hu,
is negligibly small for n > 4 in Equation (7). The most sig-
nificant interactions between terms in the sums of Equations
(6) and (7) will be retained in this analysis in an attempt to
obtain a better deseription of the behavior of the cavity when
perturbations of the hemispherical shape become fairly large.
One then finds that 2, and ¢, will satisfy Equations (10) and

RA(0) |*
(11) within terms of order [ R4(0)
RRE("O) = s’ now satisfies
20
Py (15 N Lo g
U= T (3 % I) a8 T D =T
forn = 1,2 and 3. (18)
Rg(n))
Fy =040 19
S (Ram} "3
o L | _B2O || (492 4 3200
Fy, = T [RU(U)R(())] (z ) [(-LLL‘ + 32y
+ 474(z — l)x _,f — 639(z — 1)x® (dh ) :I
dic
Ra(0)
0 St [
T+ (R.,(m) (20)
Ty = 1 R4'U(O)R((0) —3/y 21 6 ap M ar "
"= g7 I:R-_(O]Rs(ﬂ)](: )I:(lz‘l:cﬁ-.lh)yg s

d r d r
+ 765(z — 1)z % w' + 639(z — Dy’ -
-

dys" dy’ 1 R(0) st
— 148B(m -~ 1) T T . /
Bl =D e :I * 3465 I:an(n) !1’..(0)] )
dys’
(3418x — 4228)y."3 — 17328(x — 1)xy." g

+ 19305(x — 1)z’ ('{i;) :l +0 (ﬁ’g) (21)
g o

The only difference between Equations (13) and (18) is that (18)
containg a forcing function Fg,. One may thus write
H!ﬂ’ = 31"2n+y'.!up (22)

where 2., is a particular integral of Equation (18). The par-
ticular integral can be found readily by variation of parameters

[5]
Journal of Basic Engineering

) ¥ [ 1 T R P
bap = —Uan v v dzx | d:
W 1 L — 1) frg!/a y (2 — 1) /2

(23)
where s, 15 8 solution to the homogeneous Equation (13). The

lower limits of the integrals have been chosen in such a way that
Yanp And d¥any/dl vanish initially, so that Equations (17) are still
valid. The singularities of the integrals at & = 1 are integrable,
and the singularities at the zeros of vs. can be shown to be re-
movable.

Beeause Fo = 0, 1’ can be written in the form

' = yy + Ba, (24)
The function Fy can then be expressed
R:%0)
B o | = ERNEE Y g F X 25
1 [Ro((])ﬂ{(u)][ 4|+B. 4:+B. F‘:] ( ‘-’)
so that
R0} :
Yip = I: 0 R‘(u)] [y T Baten, + By, (26)
where
g ——— {3 1 ad 1(41“(,‘ d
Yap; i ; wz — 1)'hx‘f‘a ’ {z — 1)‘ff_r=f. 3 L
(27)

In Fig. 4 wy,, with i = 1, 2, and 3, are shown as functions of
Ry/Ry(0). Fig. 5 is a magnification of the portions of these func-
tions for which Ry/R,(0) > 0.4.

In Fig. 6, theoretical cavity shapes at different values of
Ro/By(0) are demonstrated. The initial conditions for this cavity
are the same as for the experimental cavity demonstrated in Fig.
18, and can be specified by £,(0) = 0.225 in., Rs(0) = 0.065 in.,
Ry(0) = —0.0127 in.,, B: = —0.83, B, = —545, T = 524us.
The jet which enters the cavity and strikes the solid boundary is
evident. The fact that the radius of curvature of the jet becomes
zero at the time of impact is not physically realistic, and is
probably the result of a breakdown of the perturbation procedure
plus the fact that surface tension has been omitted from the
theory.

r |
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1.0 .8 6 4 .2 (o]

R,/ R (0]

Fig. 4 The three components of the particular integral of Equation (18)
withn = 2
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Fig. 5 The three components of the particular integral of Equation (18)
with n = 2 for R,/R,(0) 0.4

The Validity of the Assumptions

1 An estimate of the error introduced by neglecting com-
pressibility ean be obtained from the work of Gilmore [6]. For
a cavity collapsing in water under a constant pressure difference
of 1 atm, the error in eavity radius reaches about 10 per cent when
Ro/Ry(0) = 0.1.

2 For a vaporous cavity the assumption of constant cavity
pressure will become poor when the eavity wall velocity becomes
comparable to the velocity of the vapor molecules at the tem-
perature inside the eavity. Assuming isothermal collapse, which
is probably pessimistie, the assumption will become poor for a
cavity in water when the wall velocity reaches 2000 ft/sec.  With
a pressure difference of 1 atm, this corresponds to R,/Ry(0)
= (.05.

3 A rough estimate of the effect of viscosity can be obtained
by using the two-dimensional boundary-layer theory for a sud-
denly aceelerated plane wall.  The boundary-layer thickness § is
given by [7] 6 = 4 \/w where v is the viscosity and { is the time
after the motion began. Replacing ¢ with 7" from Equation (12)
one finds that for ecavities with R0) > 0.1 in. in water, the
boundary-layer thickness will reach at most 20 per cent of Ry
when [2,/Ky(0) becomes 0.15, provided the pressure difference is 1
atm, The effect becomes much smaller as Ky(0) is inereased.

4 A comparison of surface tension forces with inertia forces
shows that, for bubbles collapsing in water, under 1 atm pressure
difference, radii of curvature of the order of 10 " {t have to oceur
at Ry/Ro(0) = 0.05 before these forees become comparable.

5 A rough ealeulation based on the work of Cole [8] shows
that the effeet of the solid boundary greatly supersedes the effect
of gravity for cavities of the type considered here.

Experimental Results

Because the convergence of the perturbation theory which was
presented could not be proved, and because perturbation quan-
tities become very large during the final stages of collapse, it
seemed necessary to perform some experiments to east more light
on the subject.

A series of motion pictures of eavities generated by spark
methods were taken with the Ellis Kerr cell eamera [9]. The
magnitude of the perturbation of the hemispherical shape was
varied by simply changing the distance of the spark gap from the

4

%ﬂﬁ‘

Fig. 6 Theoretical cavity shapes for different values of R,/R;(0)

solid boundary. Since indented portions of the cavity wall could
not be photographed, an indirect means of observing the jet enter-
ing the cavity had to be found. Use of a photoelastic solid
boundary proved to be the most suecessful method.

In Fig. 7 a typical motion-picture record of a cavity collapsing
on a CR-39 photoelastic boundary is presented. Frames below
one another in vertical eolumns are consecutive, and columns
follow one another from left to right. R, R, R, and R as fune-
tions of time were found from a Legendre analysis of the motion
pictures. R, reached its maximum of 0.244 in. in frame 9 of the
first column, At thig time, R0) and R(0) were 0.113 and
—0.0334 in., respectively. B. and B, had the values —0.57 and
—2.4. The time for complete collapse T' was approximately
570 ps.  The small disturbance which originates near the center
of the cavity base in frame 12 of column 5 is believed to be the
result of the impinging jet.

The large disturbance in frame 9 of column 6 probably ecor-
responds to the compression of gases in the cavity, because after-
ward the cavity volume increases again.

In Figs. 8, 9, and 10 experimental points of £,/R(0) as a fune-
tion of time, and R:/R«(0) and R,/R(0) as functions of Ry/R(0)
are compared with the theory. Dotted vertical lines in these
figures indieate when the eavity beeame indented. Points to the
right of the dotted lines depend on an estimate of the shape of the
indented portion which was greatly aided by a knowledge of when
the jet struck the solid boundary. The dotted ecurve in Fig. 10
shows the results of the first perturbation procedure, while the
solid eurve was ealeulated by means of the second perturbation
method.  Agreement between theory and experiment for this par-
ticular cavity was better than average. Considering the seatter
of the experimental data, agreement was good in the range of
cavities which were considered.

In Figs. 11 and 12 an attempt was made fo obtain a simul-
taneous comparison of f5/R(0) for ten different cavities with the
theory. Such a comparison is necessarily based on an apportion-
ing of the difference between theory and experiment to the s,
and ys, parts of fa/Rs(0). The method of apportioning that was
used is as follows:

Suppose that at By/R(0) = w, an experimental value of Ra/
R:(0) was found to be ys.. The difference € between theory and
experiment at this point is then

€ = lw) — pel(w) = yo(w) + Bapofw) — yalw).

One may then write

o o iU’l‘m)f
H:.-(w) B I:y:l(w) : g'yz,(w)| 3 5 |B!H:,(W}::|

|Bs| {ta @) | ]
B: |un(w)| + |Bape)]

+ B. ['yz,(w) =g
= jhelw) + B‘:Hue,{w}.

The “experimental” points of ., and ... are then compared with
the theory.
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Fig. 10 R./R.(0) as a function of Ry/R;(0) for the cavity in Fig. 7

Despite the evident weakness of the method of apportioning,
Figs. 11 and 12 give a good indication of the seatter involved in
the experimental results. The experimental points seem to be
well grouped around the theoretical curves,

A similar representation of experimental results for Ry /R,(0)
was not attempted, beeause yy is a linear combination of five dif-
ferent functions of #,/R(0).

Experimental data for f3/R¢(0) were very erratic because the
magnitude of ys was of the game order as errors in the meagure-
ments. These results are not presented.

Although the photoelastic fringes (isochromatics) were of
great value in determining the time at which a jet struck the solid
Loundary, it was not possible to derive quantitative information
regarding the pressures which occurred from the fringe patterns
beeause the area over which the pressure acted and the pressure
distribution were unknown. Some quantitative information
regarding the magnitude of the compression pulse could be ol-
tained with the use of a quartz erystal pressure pickup.

The pickup is shown schematically in Fig, 13. The erystal @
is glued into the end of an aluminum bar which is made up of
tubes (', (', (5, and the rod €'y, Al these elements are eleetrically

|
1.0 "
S — THEORY
‘\ rze,
T,

/oy

o n

e

_.5 \
1.0 .9 .8 i 6 =} 4 -3
Ro/RO(O}
Fig. 11 A comparison of experimental points for y:., with the theoretical
¥:, curve
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nofnotol

Fig. 12 A comparison of experimental points for y:., with the theoretical
¥, Curve

nsulated from one another, and thus form conneections to four
different areas on the back of the erystal. The insulation of €'y,
(', (', and €, was achieved by anodizing them before they were
glued together, The aluminum plate P2 forms the connection to
the front of the erystal, Troubles from reflections were minimized
by lead bar L which was glued to the other end of the unit.
Electrical connections to (', (', and ', are obtained with wires
through size 80 holes drilled down the center of 0-80 nylon serews
Sa, S5, and Si. An 0-80 brass serew S; forms the connection to (.
In Fig. 14 the output obtained from s (upper trace) and '
(lower trace) with €, and ('; grounded is shown when a '/;; in.
ball bearing is dropped through 2 in. on the eenter of the erystal.
The vertieal seale is 0.005 volts per div while the horizontal scale
is 10us per div. A 25 megacyele X-cut quartz erystal was used
in obtaining these eurves. The pickup was originally constructed
for purposes of measuring the impact of the jet on the boundary.
For this purpose it was a complete failure, because even the /i
in. diam center area was much larger than the jet, and also beeause
of poor high-frequency response. It did, however, provide a
means of measuring the pressure of the gases in the cavity, be-
ause the minimum base diameter of the cavities were larger than
/s in., and the frequencies involved were not as high.
Experimental measurements of pressures resulting from a com-
pression of gases in the cavity at different spark gap distances from
the solid boundary are shown in Fig. 15. The spark energy was
kept constant during these observations and spherical cavities
which were produced had a maximum radius of approximately
0.16 in. Fig. 16 shows a picture of the cavity corresponding to

Transactions of the ASME
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Fig. 13 The quartz crystal pickup

Fig. 14 The response of the quartz crystal unit to a !/ in. ball bearing
dropped on the center of the crystal

point A of Fig. 15 at maximum iy, and a few frames at the time
of the compression pulse. Fig. 17 shows the same frames for the
cavity corresponding to point B in Fig. 15.

It is seen that pressures on the boundary resulting from a com-
pression of gases inside the cavity for cavities in contact with the
houndary decrease rapidly as the perturbation of the hemispheri-
cal shape is increased. This is probably because the collapse
process becomes less spherically symmetrie.  The pressure starts
rising again when the distance of the spark gap from the boundary
beeomes large enough so that the cavities collapse away from the
boundary, and the collapse becomes more spherically symmetrie.
A maximum is reached when the gain in pressure due to more
spherically symmetrie collapse is canceled by the inverse square
dropoff with inereasing distance from the boundary and after-
ward pressures on the boundary diminish gradually. It is of in-
terest to note that shock-wave pressures on the boundary ean be
higher than pressures resulting from a compression of gases of
cavities which collapse on the boundary. These shock-wave pres-
sures are, however, quite low for the spark bubbles which were
considered here, and although such pressures could inerease

Journal of Basic Engineering
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Fig. 15 Pressures on the solid boundary arising from a compression of
gases in the cavity
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Fig. 18 A cavity used in the damage studies

greatly if cavities contained less permanent gas, it seems unlikely

that shock waves will play an important role in cavitation
damage.

The only information regarding the impact of the jet on the
solid boundary was obtained from a study of the damage by eavi-
ties of this nature on aluminum samples.  Fig. 18 shows a typical

cavity used in the damage studies at B,/R0) values of approxi-

mately 1.0, 0.8, 0.6, and 046, and closge to minimum volume.  The
pit. produced by this eavity in an annealed and chemically
polished high purity aluminum sample is shown in Fig. 19. The

seale in Fig. 18 is 0.004 in. per div, and the minimum hase
diameter of the ecavity in Fig. 19 is 0.179 in.  The pit diameter
i= thus only /5 of the minimum cavity base diameter, so that the
possibility that the pit could have been caused by a compression
of the gases in the cavity can be ruled out, and the impact of the

ble.

Damage studies of this nature yielded some information that

jet must have been respons

cannot easily be explained in terms of the predicted mechanism.
Cavities with somewhat larger initial perturbations of the hemi-

1



spherical shape than the one shown in Fig, 18 failed to cause visi-
ble damage of the soft aluminum samples.  For these cavities the
estimated impact velocities of the jet were higher than the 300
ft/sec which was estimated for the eavity in Fig, 18. Another
|I;[I':I1lll‘ll‘r [}Ill.‘- :ll][lt'.‘ll‘?" to IP(’ Iilﬁll\.i“g i I'lb[l' as riir s ‘I"' ll“.l”.'l:_"ll
is concerned. It was r-'])i-l'l1|.'|1vd that this parameter could be
the radins of curvature of the tip of the jet.

A reduction of the initial perturbations of the hemispherieal
shape to values smaller than those of Fig. 18 drastically inereased
the damage potential of the eavities. A single cavity with R,(0)
= 0.232 in., [2(0) = 0.012 in., Ry(0) = 0.0114 in., B: = —3.25,
By = 2.00, and T = 524us could produce a pit in an aluminum,
alloy with a yield strength of 50,000 psi.
planation for this increase in the impact pressure could be found
beeause the detailed behavior of the indented portions of the
cavity wall could not be observed.

No experimental ex-

The theory suggests a possible
The theoretical
eurves of Ka/R(0) and £/R,(0) for this cavity are demonstrated
in Figs. 20 and 21. The distance D of the tip of the jet from the
solid boundary is shown in Fig. 22 as a function of Ry/R(0).

vityg' of Fig. 18.

It is thus seen that in the present situation, the jet which enters

explanation which will be discussed briefly.

The dotted line in this figure corresponds to the e

Fig. 19 The pit produced in high purity aluminum by the cavity in Fig. 18
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Fig. 20 R./R:(0) as a Function of R;-,fk..{o) for the second cavity discussed
under the damage studies

the cavity performs one complete oseillation before it strikes the
boundary, while the jet entering the cavity in Fig. 18 continues
its motion toward the boundary until the impaect occurs. This
oscillatory behavior could be the reason for the inereased damage
potential that
greatly increased.

was observed, beecause the impact velocity is
The theoretical impact velocity in this case
is 3350 ft/sec as compared to o mere 300 ft/sec for the cavity in
Fig. 18.

Conclusions

1 Experimental results on the shape of eavities collapsing in
contaet with a boundary confirmed the theory derived by means
of the second perturbation procedure.

2 Jets which enter eavities and damage the solid boundary
through direct The
oceurrence of these jets is in agreement with suggestions of the
theory.

impact were observed experimentally.

3 The theory provided a partial explanation of the inerease in
damage potential of eavities when initial perturbations of the
hemispherical shape were reduced.  In addition to the impact
veloeity of the jet, another parameter, possibly the radius of the
tip of the jet, seemed to influence the damage.

I Shock wave pressures due to eavities of 0,16 in. radius col-
lapsing away from the solid boundary under 1 atm pressure dif-
ference These maximum of
about 1300 psi, and even though spark bubbles may contain more

were measured., pressures had a
permanent gas than actual cavitation bubbles, it appears un-
likely that cavities collapsing away from a boundary play an im-

portant role in eavitation damage.

T LS

-
1.0 .8 .6 .4 .2 o]
R, 7R,(0)
Fig. 21 R,/R(0) as a function of R,/R,(0) for the second cavity discussed

under the damage studies
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Fig. 22 The reduced distance D/R,(0) of the tip of the jet from the solid
boundary for the two cavities discussed under the damage studies
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