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Table 1 Comparison of TNT bubble maximum radius between experiment results and Cole theoretical results

Water Maximum radius
Charge mass/g -
depth/m Experiment results/mm Theoretical results/mm Deviation/%
20 3.01 413.2 401.8 2.76
40 3.02 526.9 506.1 3.95
60 3.01 579.7 579.4 0.05
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Fig.4 Bubble motion images for aluminized charge of 20 g
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Fig.5 Bubble motion images for aluminized charge of 40 g
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Fig.6 Bubble motion images for aluminized charg€ of 60yg
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Fig.7 Position-time curves of boundary and center of bubble for an aluminized charge of 20 g
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Fig.8 Position-time curves of boundary and center of bubble for an aluminized charge 6£40 g
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Fig.9 Position-time curves of boundary/ahd cénter of bubble for an aluminized charge of 60 g
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Table 2 Parameters of bubble motion for aluminized charge

Charge Water The first pulsation The second pulsation

mass/g depth/m Period/mgs Maximum radius/mm Period/ms Maximum radius/mm
20 3 83 505.9 56 337.7
20 3 84 507.9 56 335.0
20 3 84 502.4 56 338.5
20 3 84 510.3 56 335.8
40 3 103 666.6 69 449.0
40 3 104 655.2 70 4325
40 3 104 654.7 71 440.9
40 3 104 657.9 71 444.6
60 3 117 726.1 81 537.8
60 3 117 726.4 81 532.5
60 3 118 722.0 81 534.0
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Table3 Comparison of TNT bubble pulse period between experiment results and Cole theoretical results

Charge Water Period

mass/g depth/m Experiment results/ms Theoretical results/ms Deviation/%
20 3.01 68.00 66.4 2.35
40 3.02 85.33 83.6 2.03
60 3.01 97.33 95.7 1.67
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Table4 Comparison of TNT bubble maximum radius between experiment results and Qolg'theoretical results

Charge Water Maximum radius

mass/g depth/m Experiment results/mm Theoretical results/mm Deviation/%
20 3.01 413.2 4018 2.76
40 3.02 526.9 506.1 3.95
60 3.01 579.7 579.4 0.05
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Table5 Comparison of TNT bubble migration between experiment results and Cole theoretical results

Charge mass/g Theoretical results/mm Experiment results/mm Deviation/%
20 254.3 56.0 -5.7
40 349.3 44.1 8.2
60 420.7 37.6 -11.7
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Table6 Energy distributions at time of the first and the second maximum bubble radius

The first pulsation The second pulsation
Charg
Water Energy
Ep 2 Ea 2
g P E, .k E, K Egx E, [E, - 2 Eg,k E,,[Es, disipatedkl
/KJ /KJ
20 3 70.8 4.8 75.6 6.3 21.1 1.5 22.6 6.6 53.0
40 3 162.0 9.2 171.2 5.4 49.5 2.9 52.4 5.5 118.9
60 3 209.4 14.3 223.7 6.4 72.5 43 768 6.6 146.9
4 25
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Optical Experimental Study on the Multiple Expansion<Gontraction Motions

Characteristics of Underwater Explesion Bubbles

SHENG Zhenxin'>3, WANG Haikun'23, CHEN Jiping!>¥, ZHANG Xianpi!>3, YU
Jun'23, GAO Tap!%?
(1. China Ship Scientific Research Centér,/Wuxi214082, Jiangsu, China;
2. Taihu Laboratory of Deepsea Technological Science, Wuxi 214082, Jiangsu, China;
3. National Key Laboratory of Ship Stxuctural Safety, Wuxi 214082, Jiangsu, China)

Abstract: The underwater explosion bubbles expand ‘and contract several times until it runs out of energy,
during the pulsations, the mutual conversion of energy occurs. At present, there is insufficient attention
paid to multiple pulsations characteristics and energy conversion of underwater explosion bubbles. In this
paper, the underwater explosion expetiments of 20g, 40g, and 60g aluminized charges were carried out, and
the evolution process of the bubblesunultiple pulsations were photographed with a high-speed camera, then
pulsation period and maximuny radius of the bubbles were obtained after intelligent processing. On this
basis, the theoretical analysis'was conducted on the conversion mechanism of the potential energy, internal
energy during the multiple pulsations. The results show that: (1) the residual energy rate of the second
bubble pulsation relatiye to the first bubble pulsation was 0.31; (2) the proportion of internal energy of the
bubbles to total energylis5.4%-6.6%, so the internal energy could be ignored, and energy of the bubbles
could be repreésented by the potential energy in the engineering application.

Keywords: undetwater explosion; bubble multiple pulsation; optical measurement; energy conversion



