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Introduction

The content of components and salts of the water used in
the cornmon technological processes and particularly in
the seawater can deeply influence the characteristics of the
different cavitation effects. Erosion and light emission due
to cavitation are generally higher in salt water than in
distilled water.

The acoustic emission and the Iight emission allow to
study the characteristics of these phenomena in different
cavitation development stages, i.e. at the inception, in a
developed stage and at the desincnce. In this paper, the
pulsed ultrasonic cavitation technique [1-3] was employed
to study the subharmonic 1/2 sound-emission thresholds
and the threshold for Iight-emission, both at the incipience
and at the desinence as a function of the salt concentration
of the solutions of NaCI in distilled water. The same
technique was used earlier to measure the light and the
subharmonic 1/2 sound-emission and to study the cavita
tion efficiency in the cell [4].

AKULICHEV [5] has already found by steady irradiation,
that the cavitation threshold in sorne salt-water solutions
at a particular salt concentration, diminishes by about ten
percent with respect to the cavitation threshold in distilled
water. He has explained this by the ions distribution on the
surface of the nuclei. The role of a solute added to the
water has been widely discussed in the review paper by
WALTON and REYNOLDS [6]. More recently, Roy et al. [7]
have studied the dependence of the cavitation thresholds

in Nal and KI water solutions as a function of the salt
concentration.

In this paper, the dependence of the cavitation thres
holds has been studied by pulsed irradiation. This allowed
us to evidence three thresholds: two for subharmonic
sound emission and one for light emission. In fact, the
pulsed method allows to excite nuclei of different radius by
varying the duty ratio. The bigger is the value of the inverse
duty ratio, the smaller are the nuclei excited in the incipient
threshold.

Experimental setup

The block diagram of the apparatus can be found in Ref.
[3]. The low power radiofrequency generators are modu
lated by a pulse generator whose pulse time and duty ratio
can be varied. The mixed signal amplified by the Class A
RF power amplifier drives the piezoceramic transducer.
The cell is 160 cm3 in volume, with a piezoceramic concave
transducer of 0.7 MHz frequency. The maximum energy
density is present in a central region of the cell, away from
the walls. The maximum of the pressure amplitude at
200 V transducer voltage is 40 bar in a volume of about
1.5 cm3 around the focal spot. The cell contains a ther
mocouple, a 3 mm x 3 mm piezoceramic hydrophone
with sensitivity 1.8 V/bar and a photomultiplier. The
pulsed ultrasound beam was characterized by pulse time 't,
repetition rate u and inverse duty ratio N = 1/'tu.

Mesures des seuils de cavitation acoustique daœ les solutioœ aq~ de NaCl

L'émission acoustique de subharmonique 1/2 et de lumière dans les solutions aqueuses de NaCI a été étudiée
par la technique de la cavitation ultrasonique à impulsions en fonction de la concentration. Les résultats
expérimentaux concernant les seuils du bruit et de lumière sont analysés pour expliquer l'influence de la
concentration du sel.
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1. Transducer-voltage incipient thresholds for subharmonic 1/2
sound emission. V/SI and V/52 , and sonoluminescence. VIL as a
function ofsalt concentration x. The fo//owing values were used
for pulsed ultrasound: r = 3 ms. f = 0.7 MHz. N = 3. The
dashed mark ofx indicates the seawater concentration. the thick
mark indicates the saturation concentration at room tempera
ture. Open circ/es indicate the values of pure water.

2. Same as in figure 1. with N = 30.

3. Same as in figure 1. with N = 300.

4. Transducer voltage desinent thresholds for subharmonic 1/2
sound emission. VdSl and VdS2 . and sonoluminescence. VdL as a
function ofsalt concentration x. The fo//owing values were used
for pulsed ultrasound: r = 3 ms. f = 0.7 MHz. N = 3. The
dashed mark ofx indicates the seawater concentration. the thick
mark indicates the saturation concentration at room tempera
ture. Open circ/es indicate the values of pure water.

5. Same as in figure 4. with N = 30.

6. Same as in figure 4. with N = 300.



ACOUSTIC CAVITATION THRESHOLDS

In this work, the concentration of the solutions is indi
cated by means of the quantity x = 10glO[mNactlmwater],
that is by a quantity proportional to the molality in a
logarithmic scale.

The measurements refer to solutions whose concentra
tion varies from x = - 8 up to x = - 1; pulse time
1: = 3 ms, sound frequency f = 0.7 MHz and inverse duty
ratio N = 3, N = 30 and N = 300. Due to the very high
dilution, double distilled and filtered water of high purity
was used. The figures l, 2 and 3 show the thresholds at
incipience for N = 3, N = 30 and N = 300 respectively.
The figures 4, 5 and 6 refer to the desinent thresholds for
the corresponding N-values, 3, 30 and 300.

Each value is the mean of about seven measurements.
The reported error is the standard deviation, i.e. the mean
quadratic error.

As evidenced in the figures, an accurate analysis of the
output signal from the hydrophone indicates that the
phenomenon of subharmonic 1/2 sound emission presents
two threshold values VIS! and V IS2 ' The first one, V ISl , is
connected with the signal of one or a few bubbles in the
focal region of the transducer. The second threshold
appears at a higher voltage, V IS2' in correspondence to a
second step in the hydrophone signal, about one order of
magnitude higher than the first step of the subharmonic
component of the hydrophone signal. Still higher is the
transducer voltage VIL needed to excite sonoluminescence.
The thresholds at desinence are found in reverse order by
decreasing the lransducer voltage.

Experimental resuIts and discu~ion

As it results from figure 1 to figure 3, the thresholds
increase with increasing N. This is due to the fact that,
using the same rate of increasing the transducer voltage
(0.6 dB/s) for reaching the threshold value and the same
pulse time 1:, the total irradiation time is inversely propor
tional to the inverse duty ratio N. The phenomenon can
be explained considering both the population distribution,
weil represented by a differential bubble concentration
with respect to the radius, proportional to R - 3 (where R
is the bubble rest radius), and the Blake threshold which
strongly increases by decreasing the radius of the bubbles.

The desinent thresholds, for the same phenomenon and
the same dutY ratio (fig. 4 to fig. 6), are lower than the
incipient thresholds. This is a consequence of the dramatic
change in the total number and in ·the distribution on
radius of the population of nuclei and bubbles after sorne

time of permanence above the incipient light threshold.
The dependence of the incipient thresholds values on the

concentration is more pronounced for bubbles of smaller
radius (fig. 3) than for bubbles of bigger radius (fig. 1 and
fig. 2). Whatever is the value of N it can be observed that
it exists a value of the concentration at which the threshold
shows a minimum value. This minimum is more pronoun
ced for the smaller bubbles than for the bigger ones. The
minimum value of the thresholds for every N moves from
higher to smaller concentrations passing from V IS1 ' V IS2 to
VIL (i.e. from the 10wer to the higher threshold).

The behaviour of the desinent threshold is much more
complicated and less regular than that of the incipient
thresholds due to the much more complicated spectral
nuclei distribution on the radius and their bigger volume
concentration.

The parameters that influence the nuclei population are
the surface tension 0', the density p, the viscosity coefficient
Tl and the maximum relative gas content IX. The parameters
0', p and Tl increase approximately by 12 %, 20 % and
70 % respectively passing from the distilled water to the
saturated solution; on the contrary, IX decreases by more
than one order of magnitude from the distilled to the salt
saturated water. This explains the increase of the threshold
values at values of x higher than that corresponding to the
minimum. The decrease in the thresholds from the values
of distilled water to the minimum values can he explained
by the ions distribution on the surface of the nuclei as
suggested by AKULICHEV [5].

The detailed structure of the thresholds at medium and
high N, is not very easy to be interpreted. In particular,
quite puzzling are the fluctuations in proximity of the sea
water concentration (dashed mark on the x axis). This
could be of interest for the analysis of erosion, noise and
vibrations produced by cavitation in ship propellers.

A role is certainly played by the opposite effects of the
decrease of the relative gas content at high concentrations
and of the decrease of the Blake threshold due to the effect
of charged surfactants at the interface [8]. This fact could
explain sorne intermediate minima in the thresholds.

Other effects can be connected with charged surfac
tants : for example, at very low concentrations, the charges
can be asymmetrically distributed on the bubble surface,
so increasing the probability of a non spherical collapse
with fragmentation, etc...

In the case of erosion, an influence on erosion rate could
be connected with the electrochemical potential difference
generated by cavitation [9].
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