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Underwater needle-plate electrical bubble pulsation
and impact characteristics
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Abstract: In order to clarify the bubble pulsation process and pressure wave shock characteristics produced in the process of
pulse discharge energy release in water, based on the principle of energy equivalence, the liquid-phase pulse energy was
transformed into an explosion source with the same energy, and the fluid-structure coupling model of underwater explosion
with needle-plate electrode structure was established in LS-DYNA software to simulate the bubble pulsation process on the
upper surface of steel substrate. By comparing with the experimental physical images obtained by high-speed photography, it
was found that the numerical simulation was highly consistent with the experimental results in terms of bubble morphology
and time evolution scales. On this basis, the impact characteristics of the bubbles was further analyzed, and the results show
that the maximum impact pressure of the shock wave on the steel base can reach 94.9 MPa when the discharge is carried out
with a 4-mm gap at a voltage of 20 kV and a capacitance of 0.8 uF. Besides, the bubble radius, expansion, jet velocity,
pulsation period and peak shock wave pressure enhance with the increase of the discharge energy and decrease with the rise of
the hydrostatic pressure. Among them, the increase of water pressure has little effect on the bubble expansion rate. The peak
value of secondary pressure wave rises from 2.89 MPa to 4.09 MPa with the increase of voltage (14-20 kV), which reaches
41.5%; and up from 5.15 MPa to 6.36 MPa with the rise of hydrostatic pressure (202.65-506.63 kPa), which reaches 23.5%.
And the enhancement of discharge energy and water pressure improves the secondary pressure wave significantly. Meanwhile,
with the improvement of transmission distance, the proportion of secondary pressure wave in the peak pressure of shock wave
rises from 12.6% to 35.3%, and the secondary pressure wave at the far-field discharge location cannot be ignored.
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Table 2 TNT explosive equation of state parameter setting
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Table4 Comparison of numerical simulation and calculation results
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Table 5 Different discharge energy, the hydrostatic pressure corresponding to the discharge conditions

Bk CiNININY Kk J1/kPa SRR RE L GRS HLE/KV 7K J1/kPa AR RE S/
1 14 101.32 10.43 5 20 202.65 21.28
2 16 101.32 13.62 6 20 303.98 21.28
3 18 101.32 17.24 7 20 405.30 2128
4 20 101.32 21.28 8 20 506.63 21.28
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HIAE R o XTHLAR A 2 N 4, — RSB IK 30 56 5 Fa I B[] 53 5310 4.45 1 5.04 ms, BFRIAEAZ 25 0.59 ms;
B — . ALK B ] 24300 8.49 F19.55 ms, BT E] 2= 1.06 ms; ik sh U E i, 15z sh A
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ek 20 kKV(EERLRE R 20 21.28 1) I M, AH W) BE 2 0 S Rl /K 380, ok 20 J& 30 A 05 R AR st
W/ X LR 25 4 6 RIS, — AUk B R 4351 5,04 2.14 Fil 1.44 ms, Z LIk 30 JE 4
4.51, 1.97 F1 1.28 ms, fUKIE /P 0.53. 0.17 F1 0.16 ms; Sl e KRR IE/N 0.44, 0.31 A1 0.26 em, 7KK
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Table 6 Bubble radii and pulsation periods under different discharge conditions
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