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Fig. 1. Snapshots of JP’s positions before and after the collapse taken by high speed camera: at ¢ = 0 s, the

bubble reaches its biggest size and begins to collapse; at ¢ = 10 us, the bubble is disappeared; at ¢ = 20 ys,

the micro-motor moves forward after the bubble is collapsed.
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Fig. 2. Computational domain and boundary conditions.
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Fig. 3. (color online) (a) Phase diagrams at different times (red zone represents bubble); (b) flow velocity

vectors at different times.
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Fig. 4.

(color online) The velocity distribution on the symmetrical axis at different moments: (a) The

bubbles begin to collapse and disappear; (b) after the bubbles disappear, a jet flow is formed.
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Table 1. Comparison of pressure at the moment when

bubble is disappeared.
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Fig. 5. (color online) The pressure distribution at the moment when bubble is disappeared: (a) Pressure

distribution inside the fluid domain; (b) the pressure distribution on the surface of microspheres.
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Fig. 6. (color online) Comparison of the surface force of microspheres in different conditions: (a) for R, = 100 pum, the

change of force on the surface of microspheres; (b) for L = 5 pum, the change of force on the surface of microspheres.
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Fig. 7. Comparison of velocities in different conditions: (a) For R, = 100 pm, the relationship between microspheres

velocity vo and the spacing L of bubbles and microspheres; (b) for L = 5 pm, the relationship between microsphere

velocity vg and microsphere radius Rp.
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Fig. 8. Comparison of displacement of different working conditions: (a) For R, = 100 um, the relationship between
the microspheres displacement S and the spacing L of bubbles and microspheres; (b) for L = 5 um, the relationship

between microsphere displacement S and microsphere radius Rp,.
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Mechanism of the motion of spherical microparticle
induced by a collapsed microbubble”
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Abstract

Collapse of a confined bubble is the core problem of bubble dynamics. The recent study has shown that the collapse
of macroscopic bubble may drive the motion of suspended particle with the similar size, but, there has still been a
lack of the relevant study on a microscale. In the experiment about the bubble driven micro-motor, the locomotion of
motor pushed by microjetting has been noticed. However, due to the limitation of experimental conditions, it is difficult
to reveal the details of propulsion mechanism. In this paper, the volume of fluid based numerical method is adopted
to simulate the interaction process between a collapsing microbubble and the suspended particle nearby. The spatial
distribution and the time evolution of flow field are obtained, and the velocity that the micromotor could be achieved is
deduced by integrating the impulsive force. The results show that when the bubble size is fixed, the interaction force is
inversely proportional to the size of microparticle and the gap between microparticle and bubble. The Kelvin impulse
theorem is used to clarify the difference between the interaction on a macroscopic scale and that on a microscopic scale.
This study not only extends the scope of cavitation dynamics, which reveals the characteristics of interaction between

bubble and particle on a microscale, but also is significant for improving the efficiency of self-propelled micro-motor.

Keywords: bubble collapse, micromotor, volume of fluid, microflow
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