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Abstract

The dynamics of an oscillating bubble in an acoustic field has been employed in a wide
range of engineering and medical applications. The key mechanism is activity of bubble
oscillations interacting with an external driving sound pressure. The behavior of oscillating
bubbles is interpreted as a coupled nonlinear dynamical system, where individual bubbles are
mutually coupled with neighboring bubbles and wall boundaries via an acoustic radiation.
Therefore, there is a need to understand the coupled dynamics of such a bubble cluster for
effective and advanced operation of oscillating bubbles in practical applications. The main aim
of this thesis is to investigate the coupled bubble-bubble and bubble-wall dynamics in an
acoustic field. The present thesis contains nonlinear modal analysis of bifurcation structures of
coupled two-bubble oscillation, experiment and modeling of translational dynamics of an
oscillating bubble cluster and numerical simulation of coupled oscillations between a bubble
and its neighboring elastic wall.

In Chapter 1, an introduction to the bubble oscillation, the objective of this thsis and
relevant studies are presented.

Nonlinear modal analysis of coupled oscillation of two spherical bubbles is presented in
Chapter 2. Analytical expressions of nonlinear normal modes (NNMs) and steady-state
oscillations are derived and underlying bifurcation structures are discussed. For the case of
equally-sized bubbles, symmetry-breaking bifurcations arise in the NNMs, leading to energy
localized oscillation.

Chapter 3 is devoted to experiment and modeling of translational dynamics of an oscillating
bubble cluster. The translational motion of the oscillating bubble cluster is experimentally
observed by a high-speed camera and the trajectory of the cluster motion is computationally
calculated from the recorded images. The classical theory of the translational dynamics of a
single bubble is extended to a bubble cluster and compared with the experimental result. For a
millimeter sized bubble cluster observed in the present experiment, the translational dynamics is
described by the force balance between the classical expression of the secondary Bjerknes force
and the cluster inertia from the cluster mass and added mass of the spherical cluster.

In Chapter 4, coupled oscillations between a bubble and an elastic wall are numerically
explored, and effects of the wall thickness on the translational bubble dynamics are discussed.
Assuming the ambient fluid undergoes a potential flow, a set of boundary integral equations for
use of boundary element formulation is derived. An eigenvalue analysis of linear isotropic
elastodynamics of the elastic wall is performed to obtain eigenfunctions and eigenfrequencies of
normal modes. Additionally, the equation of motion of its normal modes (i.e., the equation of
motion of the solid surface) is derived for the case of incompressible elasticity. It turns out that
the secondary Bjerknes force acting on the oscillating bubble is suppressed by the surface
oscillation of the elastic wall with a thin wall thickness. It can therefore be concluded that the
surface deformation of the elastic wall and its finite thickness should be incorporated in the
elastic boundary model for describing the bubble translational dynamics.

Concluding remarks and future work are summarized in Chapter 5.




