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Abstract

In this paper, we present and analyse a model of the oscillations of a pair of gas bubbles driven by nonspherical
ultrasound. We derived our model based on the perturbation and potential flow theories and use it to study
three cases of oscillation of two bubbles under driving ultrasound with different initial phases, different separation
distances between the bubbles and different sound pressure amplitudes. For the driving ultrasound with different
initial phases, we obtain the in-phase and anti-phase radial pulsations of the bubbles in incompressible liquid.
We also study the effect of the secondary Bjerknes force on the oscillation of bubbles separated by different
relative distances. Lastly, we analyse the ratio of a nonspherical to a spherical partial quantity, and the results
show that the bubbles survive longer with decreases in both the pressure amplitude of nonspherical ultrasound
and the initial bubbles radii.
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1. Introduction

Acoustic cavitation, a phenomenon that forms some individual micro-sized gas bubbles, is generated in liquid
irradiated with ultrasound waves of sufficiently intensity [1] . In the cavitation process, each bubble expands
and then quickly collapses. Sometimes the phenomenon of light emission can be generated during bubble
collapse, which is known as sononluminescence, due to high temperature and pressure [2, 3]. The dynamics of
cavitation bubbles represent the foundation of sonochemistry and sonoluminescence. However, the dynamics of
two cavitation bubbles remains an interesting question for study in the physics and acoustical communities.

Researchers have investigated the dynamics of two bubbles driven by ultrasound both theoretically and
experimentally. For example, in early studies, V. F. K. Bjerknes [4] and C. A. Bjerknes [5] studied the mutual
force between two pulsating gas bubbles in a liquid. This mutual force, today called the secondary Bjerknes force,
can cause the bubbles to either attract or repel each other. The magnitude of the force between two bubbles
has been found to be proportional to the inverse square of the separation distance between them. Recently,
Barbat et al. [6] observed experimentally that two bubbles can undergo stable, periodic translational motion.
Fujikawa et al. [7] theoretically investigated the interaction between two nonspherical cavitation bubbles in liquid.

Doinikov [8] found that two bubbles can maintain a fixed separation distance and form a stable bound pair due
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