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Fig. 1 Cavitational microstreaming flow around an oscillating
bubble. The bubble is excited by the piezo-actuator at 25 kHz. (a)
Initial state : for flow visualization 10 um polymer particles are
seeded and suspended. (b) Excitation : large circulation flow
patterns are formed around the bubble.
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Fig. 2 Submarine propulsion scheme by a cavitation
microstreaming flow: (a) Initial state. (b) A submarine moves to the
left when the bubble on the rear side of the submarine is excited by
a piezo-actuator attached to the bottom of a water chamber around
the bubble resonant frequency.
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Fig. 3 Side view snapshots of forward and backward directional
propulsion of a micron-sized submarine using an oscillating bubble.
(a1, b1) Initial state. (a2) When a bubble (470 mm dia.) is excited at
13 kHz, a submarine (220 mm dia.) moves to the left. (b2) When
the same bubble is excited at 18 kHz, the submarine moves to the
right. Note that a hydrophobic Teflon layer is deposited on the right
tip of the submarine.
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Fig. 4 Propelling force vs. voltage applied to the piezo-actuator.
Bubble propelling force is proportional to the applied voltage. The
propelling force is measured using the propelling displacement of
the rod when hanging in the pendulum configuration.
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