
,.<*««!SÎ«!!9Sfe.S*'f " ' 

DIVISION ETUDES ET DEVELOPPEMENT DES REACTEURS 
Département des Réacteurs à Neutrons Rapides 

t 
\w\^ 

6th Conference on fluid machiner''. 
Budapest, Hongrie, 17 - 22 Septembre 1979. 
CEA - CONF 4990 

CORRELATION BETWEEN NOISE AND 
DYNAMICS OF CAVITATION BUBBLES 

I 6 . L . CHAHINE* - P . COURBIEBRE - P . GARNAUD 

RESUME 

A correlation between bubble dynamics and eaitted noise 
is nade using high-speed photography and two differently 
located hydrophones. The effect of the proxiaity of a solid 
wall is investigated. An aaplitude and tioe analysis is 
perforaed and daaage observations are Bade by oeans of a 
scanning electron microscope. 
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INTRODUCTION 
The importance of cavitation is due largely to its prac

tical consequences on propellers and in hydraulic machinery. 
Resulting damage and reduction of efficiency are in such cases 
the main concern. In addition cavitation is also an important 
source of noise. This noise is usually undesirable for many ap
plications such as in the case of fishing vessels or for living 
quarters on boats. In fast Neutron reactors cavitation noise is 
also a matter of concern because of its screening effect on the 
noise of another more undesirable phenomenon! : boiling. Since 
acoustical detection, is in this case the only available techni
que for the detection of occuring cavitation or boiling, a pre
cise caracterisation of the noise emitted in both cases is of 
fundamental importance. 

It is already known that cavitation noise is principally 
due to the collapse, in high pressure regions of bubbles, cavi
ties or vortex grown in low pressure regions. One can find an 
extensive review, and a list of references of known works on 
this subject in the reference Cl]. Studies are usually based on 
the dynamics of isolated cavities [2, 3, <t]. The results were 
extended to the case of a cavitating field by IL'ICHEV and 
LESUNOVSKII [5], MOROSOV [6] ... etc, who treated cavitation as 
a random process. MOROSOV particularly showed that the frequen
cy spectrum of the cavitating field is, in amplified form, that 
of a single bubble when the events are distributed exponential
ly in time ; or when, for any distribution in time, the ratio 



between the variance and the mean tine between two events is 
much greater than one. 

Experimentally, much work on the subject has been done 
in complicated practical situations. We can cite as examples 
the more recent ones [7-9]. The simplest case of a spherical 
isolated bubble was treated by HARRISON [10] and MELLEN [11] by 
means of spark-generated bubbles. This case is attractive becau
se of its simplicity, an analytical description hence being pos
sible. 

Hoverer, the spherical model is rather too simple, and if 
one is interested in correlating cavitation noise and damage, 
bubble behavior near solid walls has to be investigated. Bubble 
deformation and the pressure field near the bubble are in this 
case of great importance. In this paper, we study the dynamic 
bubble behavior and the simultaneously emitted noise for diffe
rent distances from a solid wall. 
EXPERIMENTAL EQUIPMENT. 

Spark -generated bubbles are produced in a vessel whose 
dimensions are sufficiently large to delay and weaken reflec
tions on walls. The discharge is made in the vicinity of a so
lid plate, whose distance from the electrodes can be easily va
ried by moving the electrodes. Two hydrophones, moving along 
with the motion of the electrodes are placed at an equal dis
tance from the electrode-gap. Two particular locations are cho
sen : the fist hydrophone Hi is on the axis of symmetry, above 
the electrode-gap, the second one H 2 is on the same level as 
the electrode-gap and is parallel to the solid wall (Fig.l). 
The sensibility of the hydrophone is (-130 db re V/yb) and its 
useful frequency range is 1- 600 KHZ. The signals of the probes 
are applied to a digital storage oscilloscope GOULD ALLCO 08 
4000, whose limit frequency of memorisation is 450 KHZ. 

A HYCAM model X 2054 AW Camera, capable of 10.000 frames ' 
per stcond is used to photograph the evolution of the bubble 
wall. The rate of the camera can be doubled by taking a half 
frame for each exposure.(For further details on the experimen
tal equipment see references [12, 13] ) 



1. Sketch of the experi
mental equipment. 

A: Transducer or sample 
C* High-speed camera 
E: Electrodes 

GI: Spark generator 
H: Hydrophones 
P: Solid plate 
L: Flash bulbs 
V: Vacuum 

Fig 2. Variations of normalized R 
versus normalized time for 
different values of n 

Fig 



NOISE AND BUBBLE DYNAMIC CORRELATION 
A series of photographic experimental runs is made to exa

mine the effect of electrode-gap to wall distance 1 (Fig.2) 
upon bubble dynamic behayior. Simultaneously the signals of the 
two hydrophones connected to the oscilloscope are registered. 
The distance from the electrode-gap to each hydrophone is kept 
constant from one case to another and its value is 3 cm. 

In figure 2 are plotted the variations of a characteristic 
length of the bubble R A versus time for different values of the 
ratio (n * R /l). All the symbols are defined in this same 

figure 2. R- is the distance between the electrode gap 0 and 
point A where the reentering jet would be initiated. R. is nor
malized by the maximum bubble dimension achieved in the lateral 
direction R , and the time is normalized by the Rayleigh 

max 
time T B [2] : T_ » 0.915 R„ x ZAP /p 

* R cmax 
where AP is the difference between the ambient pressure in 
the vessel and the pressure in the bubble, p is the water den
sity. 

For values of 1 less than 0.5, the bubble remains practi
cally spherical and all the curves are indistinguishable. For 
greater values of n, the bubble departs from sphericity and a 
reentering jet is formed. As n increases the part of the curve 
pertaining to the collapse approaches the length axis. 

In all cases, as can be seen from the different signals 
here-presented, a sharp pulse rises at the spark generation. 
Then the pressure decays exponentially. The time needed for 
the pressure to reattain its initial value is approximately 
constant from one case to another. During the bubble growth 
and until the last phase of collapse, the pressure decreases 
slighty, to increase sharply at the end of the collapse for
ming a second pulse much stronger than the first one. This 
positive pulse can be closely followed by a negative one which 
might be due to a reflection ware inside the micro-transducer. 



After the rebound of the bubble a second collapse occurs and a 
third pressure pulse is emitted. The relative importance of 
this pulse compared to that due to the first bubble collapse 
is dependent on n. Three typical cases can be introduced : 

a. For small values of n» the first collapse is practical
ly spherical. The deformation of the bubble intervenes onli' 
after a few oscillations, the bubble being increasingly attrac
ted by the solid wall. A part of its energy being lost after 
each oscillation, by means of viscosity, gas diffusion and 
heat transfer, the successive pulses become smaller and smaller. 
This can be seen in figure 3 there the bubble radius variations 
in time are represented with the transmitted signals of the 
hydrophones H t and H 2 at the same time. The two signals are in 
phase, and the different pulses, felt on the sane instants by 
Hj and H 2 , correspond to the end of every collapse. The only 
differences come from non-symmetrical positions in the vessel 
which make the reflections on the boundaries different from 
one hydrophone to another. 

b. For values of n greater than 0.5,. the influence of the 
wall becomes important. After the first collapse, the bubble 
is violently attracted to the wall and is either attached or 
very close to it after its rebound. The second collapse is 
then completely dissymetrical and a re-entering jet strikes 
the solid wall. In this case, as can be seen in figure 4, the 
third pulse can be as high, and sometimes even higher than the 
second one. However, this relative importance of the two pul
ses is seen differently from one probe to another depending on 
the probe position. This is presumably due to a certain direc
tivity of the emitted pulse and/or to a screening effect of 
small bubbles formed near the wall during the rebound. 

c. For values of n close to 1, the bubble is attached to 
the wall during its first oscillation. The first collapse is 
therefore completely dissymetrical and the second pulse is ve
ry sharp. Successive pulses are, however, weak and are buried 
in the noise of the small bubbles and plate vibrations (fig.5). 
For further details and photographic evidence see reference 
[13]. 



VARIATIONS OF BUBBLE RADIUS AND PRESSURES DETECTED BY 
HYDROPHONES H AND B VERSUS TINE FOR DIFFERENT VALUES 1 2 
OF n 
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AMPLITUDE AND TIME ANALYSIS 
In order to investigate to what extent the estimate | 

in the case of spherical bubble [l. 11] for the maximum pres
sure amplitude value "I", is valid near a solid wall, we look 
at this value for a given maximum bubble radius. Non-dimensio
nal curves R(t) are identical for any value of aP or R , 

max 
for quasi-spherical bubbles (Fig.2). Thus if AP is maintained 
constant we have that R. ,the maximum value of R. (Pig.2) is 

*max A 

proportionnai to T, the first period of oscillation of the 
bubble. We can consequently plot the experimental data I (T) 
instead of I (R. ). As shown is figure 6, the data is far 

*max 
from fitting a straight line or a curve T ' 2 calculated for 
spherical bubbles. Only the experimental results for n « 1 
seem to fit a specific curve I « 0.43 T ' . Further work should 
be done to evaluate the deviation from this curve for a given 
value of n. 

The frequency analysis of the obtained signals is perfor
med numerically by a Fourier series expansion. This method is 
rather time-consuming but could not be replaced by an automa
tic procedure. It has, however, the advantage of permitting an 
easy selection of the regions of interest to be studied from 
the whole signal, such as the spark pulse or the pulse of the 
collapse. With such a procedure it is possible to perform the 
auto-correlation of a signal and the inter-correlation of the 
two signals Hi and H2. By this means the main signal is am
plified while reflections and back-ground noise are weakened. 
This was performed in several cases for the spark pulse, the 
collapse pulse and for the whole signal. In figure 7 the fre
quency spectrum of the spark pulse is shown and in figure 8, 
the frequency spectrum of the whole intercorrelated signal. 
Both cases correspond to the signal and bubble behavior repre
sented in figure 3. Even if the rise time of the pulses is ve
ry short, time analysis of the pulse and a fortiori of the 
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Fig 6. Intensity of the pulse 
of the first collapse 
versus the period of 
oscillation of the bubble 
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Fig 7. Frequency spectrun 
of the spark pulse 
corresponding to 
figure 3 . 
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Fig 8. Frequency 
spectrum of the 
whole intercorre-
lated signal cor
responding to 
figure 3. 



whole signal shows relatively low frequencies. In the spark 
pulse case (Fig.7) the predominant frequencies are situated 
in a large band 24 KHZ « F << 33 KHZ. These frequencies are 
comparable to the highest ones appearing in figure 8., and the 
spark signal is consequently annoying in a frequency analysis 
for bubbles of the same range as those investigated here. The 
predominant frequencies in figure 8 are : 1.5, 3.6, 6*, 8, 11.5, 
24, 27, 32, 35, 41 KHZ. The first value corresponds to the pe
riod of oscillation of the bubble. The second one, the most 
important (3.6 KHZ), seems to be characteristic of low fre
quency oscillation of the pressure field which can be due to 
reflections on the boundaries of the vessel. The contribution 
of the spark can be recognized and the highest frequency is 
due to the second pulse, as is seen by a study of this isola
ted pulse. Above 41 KHZ the spectrum is rather flat. This 
result is obtained in all cases studied, where no significant 
contribution of frequency higher than 100 KHZ is seen. When 
the value of n increases the spectrum seems to shift slightly 
toward lower frequencies. However this result is not comple
tely confirmed and a greater number of experiments and time 
analysis must be performed. 

Scanning electron microscope photos of the damage produ
ced on aluminium, by a single spark-generated bubble give us 
some interesting results. Plastic deformation due to the reen
tering jet is observed showing an excavation in the center and 
a surélévation on the edges. The effect of numerous small re
bounding bubbles after collapse can be witnessed by a number 
of deep holes inside the bigger pit due to the reentering jet. 
A systematic correlation of bubble behavior and the study of 
damage should be made for different values of n. 
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