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Numerical Simulations on Physical Effects of Acoustic
Cavitation in Viscous Liquids
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1. Introduction

Mixtures of liquid and nano-particles are
often called slurries when the concentration of
nano-particles is relatively high. In slurries, most of
nano-particles are aggregated each other and the
mean particle size is much larger than the size of a
primary nano-particle. However, the unique
physical properties of individual nano-particles are
easily lost by the aggregation [1]. For example,
optical properties of pigment nano-particles change
by the aggregation. For catalyst nano-particles, the
surface area and the efficiency of catalysis are
reduced by the aggregation. Thus, it is required to
break agglomerates of nano-particles and disperse
them in the liquid. There are a few methods to
disperse nano-particles in liquid [2-5]. One is
milling using micro beads. Under stirring, beads
collide with agglomerates of nano-particles and
break them. Milling using a rotor-stator system is
also applicable to collapse the agglomeration.
Otherwise, the irradiation of strong ultrasound to
slurries is focused because of prevention from
contamination. At present, beads milling is widely
used and ultrasound systems are less used. One of
the problems in ultrasound systems is lack of
knowledge on the detailed mechanism in ultrasonic
dispersion of nano-particles and its optimum
condition such as acoustic and ambient presssures.

Recently, Sauter et al. [3] experimentally
reported the influence of ambient pressure on
dispersion of nano-particles by a strong ultrasoud.
According to them, the mean particle size after the
irradiaiton of ultrasound decreases as the ambient
pressure increases to 4.5 bar and 6 bar when the
vibration amplitude of an ultrasounc horn is 64 pm
and 85 um, respectively, at 20 kHz. From a view
point of energy efficiency, however, it is unchanged
even at high ambient pressures because more
energy is required to maintain the same vibration
amplitude of an ultrasonic horn at higher ambient
pressure.

In the present study, numerical simulations of
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bubble pulsation and shock wave emissions from

bubbles have been performed in order to investigate
the mechanism for the ambient pressure
dependence of the efficiency in ultrasonic
dispersion of nano-particles. Shock waves emitted
from bubbles when they collapse have been
optically and acoustically observed [6]. They play
an important role in dispersion of nano-particles.

2. Model

The bubble pulsation in viscoelastic fluids
such as slurries is described by the following
modified Rayleigh-Plesset equation [7].
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where R is the bubble radius, the dot denotes the
time derivative (d/dt), ¢, is the sound velocity in
the liquid (slurry) far from a bubble, 71 is the rate
of evaporatlon of liquid at the bubble wall, p,
(P, ) is the liquid den51ty at the bubble wall (far
from a bubble), p, is the liquid pressure at the
bubble wall, p(#) is the acoustic pressure, p_
is the ambient pressure, S is the coupling strength of
a bubble cloud introduced in Refs. [8, 9]. p, is
estimated by the following relationship.
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where p, is the gas and vapor pressure inside a
bubble, o is the surface tension, u 1is the

viscosity of the slurry, G is the shear modulus of
slurry, and zis the relaxation time.

According to numerical simulations, under
most circumstances, the term containing G in Eq.(2)
is negligible. Thus in the present study, slurry is
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characterized only by viscosity and the term
containing G in Eq. (2) was neglected.

The energy (E) of a shock wave emitted from
a bubble is estimated by Eq. (3).
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¢ ®)
where p is the density of slurry, and ¢ is the

sound velocity in slurry.

3. Results and Discussions

In Fig.1, the calculated results are shown as a
function of time for 8 acoustic cycles when
frequency and pressure amplitude of ultrasound are
20 kHz and 20 bar, respectively. The viscosity is
200 mPa s and the ambient pressure is 2 atm. It is
seen that the bubble pulsation is periodic with triple
acoustic cycles. A shock wave is emitted at each
bubble collapse.
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Fig. 1 The calculated results for 8 acoustic cycles.

(a) The bubble radius. (b) The power of a shock
wave (left) and its time integration (right).

In Fig. 2, the calculated radius-time curves are
shown for various ambient pressures when the
ultrasonic frequency and pressure amplitude are 20
kHz and 10 bar, respectively. For the ambient
pressure of 1 atm, a bubble collapses once in two

acoustic cycles. For the ambient pressure of 3 atm,
on the other hand, a bubble collapses every acoustic
cycle. Thus, the energy of shock waves emitted
from a bubble per unit time is larger for the latter
case. On the other hand, the bubble collapse is
weaker for the ambient pressure of 5 atm than that
for 3 atm because the bubble expansion is
suppressed more for the former case. Accordingly
the energy of shock waves emitted from a bubble
per unit time is largest at the ambient pressure of 3
atm.

Bubble radius (pm)

%00 350 300 b
Time (us)
Fig. 2 The calculated radius-time curves for
various ambient pressures.

4. Conclusion

According to the present numerical
simulations, the optimum ambient pressure which
maximizes the energy of shock waves emitted from
a bubble per unit time increases as the acoustic
pressure amplitude increases or viscosity of slurry
decreases.
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