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Fig. 1. Two nonspherical bubbles in an acoustic field.
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Fig. 2. Phase diagrams for shape instability of a bubble with the second shape mode (f = 20 kHz) (a)
A single bubble; (b) the first bubble, n # m, d = 200 um and R2¢ = 2 pm; (c) the first bubble, n = m,
R20 =2 pm and d = 200 pm.
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Fig. 3. Amplitude of the second shape mode of a bubble with the time: (a) A single bubble (Rp = 2 pm);
(b) the first bubble (n # m and Ryi¢ = 2 pm); (c) the first bubble (n = m and Rig = 2 pm).
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Fig. 4. Phase diagrams for shape instability of the first bubble with different shape mode order (n = m,
R0 =2 pm and d = 200 pm): (a) n=2; (b) n =3; (¢) n =4.
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Fig. 6. Phase diagram for shape instability of the first bubble with different radius of the second bubble (n = m,
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Abstract

Based on the Lagrange’s equation, the dynamic equations and shape mode equations of two bubbles with nonspher-
ical distortion are obtained. The radial oscillations and shape instabilities of two bubbles with nonspherical distortion
in an acoustic field are numerically investigated. The numerical results show that there are two coupled modes between
two nonspherical bubbles: shape coupled mode and radial coupled mode. The coupled modes between two nonspherical
bubbles depend on the shape modes of two bubbles. When the shape mode of the first bubble is equal to that of the
second bubble (n = m), the shape coupled mode and radial coupled mode both exist. The interaction force between
bubbles is caused by these two coupled modes. If the two bubbles have different shape mode orders (n # m), there is
a radially coupled mode between two bubbles. The interaction force between two bubbles is caused by radially coupled
mode. The interaction caused by the radial coupling and shape coupling has an influence on the instability of gas bub-
ble. The influencing factors depend on the shape mode, the equilibrium radius of neighboring bubble, and the driving
acoustic field. The results demonstrate that the shape coupling can change the severity of the collapse of a gas bubble,
and increase the ability of a gas bubble to resist distortion under a certain condition. The nonspherical disturbance of
a real bubble in an acoustic field is not a single shape mode, but the coupling of different shape modes, so the shape
coupling has an obvious influence on the shape instability of a real bubble. These may be the reason why bubbles can

form some stable structures and keep stable oscillations in an acoustic field.
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