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Fig. 1. (a) Schematic of components of the experimental facility; (b) diagnostic setup.
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Fig. 2. (a) Equivalent circuit of the experimental facility; (b) the current and voltage curves of short circuit.
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Fig. 3. (a) Experimental current and voltage waveforms at charging 40 kV; (b) deposited power and energy on copper wires.
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Fig. 5. Typical current and resistive voltage waveforms of
(a) Cu wire ionization and (b) electrical explosion process.
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volume and energy density in different voltages.
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Fig. 7. Evolution images of bubble generation.
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Fig. 8. Typical images of bubble pulsation.
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Fig. 9. Typical experimental waveforms of fluid kinetic en-
ergy, potential energy and bubble total energy.
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Fig. 10. Experimental data and simulation results of (a) bu-
bble expansion trajectory in different initial conditions of
the RP theoretical model, (b) bubble expansion trajectory
by two theoretical models and (c) vertical migration of
bubble centroid.
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Experimental study on pulsation and energy characteristics of
bubbles produced by underwater electrical explosion®

Zhou Shao-Tong Mo Teng-Fu  Ren Xiao-Dong  Xu Qiang  Sun Qi-Zhi
Zhang Si-Qun  Huang Xian-Bin  Zhang Zhao-Hui  Liu Wen-Yan f

(Key Laboratory of Pulsed Power, Institute of Fluid Physics, China Academy of Engineering, Mianyang 621999, China)
( Received 23 May 2024; revised manuscript received 12 November 2024 )

Abstract

Low-frequency hysteresis flow and pulsating pressure caused by underwater explosion bubbles can cause
overall damage to ships. The hydrodynamic and energy conversion of bubbles are very important in studying
underwater explosion bubbles. At present the study of bubble dynamics is based on ideal gas hypothesis, which
does not involve heat exchange and is only suitable for bubbles of chemical detonating, but not for bubbles at
higher temperatures. The evolution of underwater explosion bubbles is studied experimentally by underwater
exploding wire. There is obvious heat exchange during the evolution of bubbles, which is different from bubble
behavior in chemical detonating underwater. This study focuses on pulsating behavior and energy characteristic
of bubbles, and the difference from chemical detonating as well. The experimental facility is mainly composed of
two parallel energy storage-discharge modules and a water tank. Each module is composed of two 20 pF
capacitors connected and a gas switch connected in series with these two capacitors. A copper wire with a
diameter of 0.9 mm and a length of 50 mm is used as a load. The experimental results show that the deposited
energy density generated by electric explosion is almost equal to that of TNT. The wire plasma expansion
produces an initial bubble with temperature of radially spatial distribution. The total pulsation frequency of
bubble will not exceed 4 times. After energy exhaustion, bubbles collapse directly into water because the main
component is condensable gas. The comparison of the experimental data with the existing theoretical models
shows that the vaporization of water in bubble expansion stage leads to certain energy loss, which makes
difference in motion trajectory of bubbles between the simulation and the experiment. This study provides ideas

and data support for the dynamical study of high temperature bubbles in underwater explosion.
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