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Fundamental Study on A New Technology of Ship Ballast Water Treatment: Generation and
Focusing of An Underwater Shock Wave and Numerical Analysis of Microbubble Motion

JEE HFEA. mEEM, FERA
Biyu WAN, Nobuhito TSUJII, Shinya FUKUDA and Akihisa ABE
(R 22 44 A 9 BEAS)
Abstract

This paper reports the fundamental study on generation and focusing of an underwater shock wave by electric
discharge in a two-dimensional ellipsoidal chamber and analytical prediction of rebound pressure of a
microbubble driven by an experimental pressure profile of an incident underwater shock wave. In the
experiment, the optimum condition for produce of higher pressure in the chamber is explored with optical
observation of shock wave propagation by using a high-speed video camera and pressure measurement by an
optical pressure transducer. It is found that the shape for a tip of electrode, the distance between electrodes
and their position for arrangement are important to produce a clear cylindrical shock wave. The rebound
pressure generated by collapse of a microbubble is estimated analytically by solving Herring’s bubble motion
equation with experimental pressure profile of an underwater shock wave. The analytical results provide that
the rebound of a microbubble can produce high pressure enough to inactivate marine bacteria.
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Fig.1 Schematic diagram of experimental setup
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Fig.4 Pressure record affected strongly by flash of
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Fig.5 Base pressure vs. setting angles of the fiber
probe of FOPH2000
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Fig.7 Pressure profile of a spherical underwater
shock wave obtained under the optimum conditions
on the electrodes
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in parallel to the window: a high-speed video
camera is HPV2 (SHIMADZU Co.), the resolution
is 312x260 pixels, the framing speed is 500kfps, and
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Fig.10 Pressure record at the second focal point on
electrodes setting in parallel to the window
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Fig.11 Pressure record at the second focal point on
electrodes setting in vertical to the window
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(b) Initial bubble radius is 25pum
Fig.12 Analytical solutions of microbubble motion
calculated by using experimental pressure profile in
Fig.7
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