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Fig. 1 Finite element calculation model
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Table 1 Material parameters

Material o/(kg+m*) C, C, C, C, C, Cs Cs E,/(J kg™
Gas 1.293 0 0 0 0 0.4 0.4 0 2.5X10°
Material o/(kg+m *) C S, S; S; %o
Water 1000 0.1647 1.921 —0.096 0 0.35
Material o/(kg+m *) A/GPa B/GPa w R, R,
Explosive 1654 374 3.23 0.3 4.15 0.95
Material o/(g+cm ?*) E/MPa G/MPa
Soil 1. 860 22.4 8
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Table 2 Comparison of the first bubble pulsation

No. H/m Tu/s T./s or/ % No. H/m Tw/s T./s or/ %
1 1 1. 28 5 ) 0. 80 0.99 —19.19
2 2 0.63 1.19 —47.06 6 6 0. 82 0. 94 —12.77
3 3 0. 69 1. 15 —40. 00 7 7 0. 83 0.90 —7.78
4 4 0.75 1.05 —28.57 8 8 0. 81 0. 85 —4.71

X 24 B I A B A A3 A7 S 2 RO R AR GE R e B DL A IR 2 % UM 25 R i R
B2 T BB 4~8 m IKBREAT AP BT, % 3 G th T T 5 40k FBRKE 2K T-RE By 4~8 m I3
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s T R T o R SE ) 467 280 EE Bl 0, A0 6 4 5] g ey 280 06 e R0 B vt 4L £ -5 4330 {1 9% AR R i 22

x3 Rk FHILE
Table 3 Comparison of the load of bubble pulse

r/m Deim / MPa Deate/ MPa 8,/ % Iin/(kN ¢ sem %) T/ (KN« s+ m %) 81/ %%

1 5.53 8. 40 —34.17 98. 27 133.66 —26.48
5 4.31 6.72 —35. 86 81.35 106. 93 —23.92
6 4. 31 5.60 —23.04 68.74 89. 10 —22.85
7 3.45 4. 80 —28.13 61.92 76. 38 —18.93
8 3. 20 4. 20 —23.81 59.29 66. 83 —11.28
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Table 4 Characteristic of bubble pulsation

No. H/m H/(m -+ kg V*) T./s T/s No. H/m H/(m -+ kg V*) T./s T/s
1 1 0.22 5 5 1.08 0. 35 0. 80
2 2 0.43 0.23 0.63 6 6 1. 29 0. 37 0. 82
3 3 0.65 0.29 0.69 7 7 1.51 0. 38 0. 83
4 4 0. 86 0.31 0.75 8 8 1.72 0. 39 0. 81
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Fig. 2 Configuration changing process of bubble form (H=0.43 m « kg~ '*)
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Fig.3 Configuration changing process of bubble form (H=1.08 m * kg™ /%)
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Fig. 4 Configuration changing process of bubble form (H=1.72m * kg™ '*)
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Fig. 5 Distribution of underwater explosion loading Fig. 6 Specific impulse decay curve
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i RERR TR A AL E DL AT 7 FOIEL 8 s . HAR 5 FTRL B IR B 3G O 8 IR R ST R e B R, 2B
& i T AR R A S AR /NN Y ORI S S B . XTI K TN B (A<0. 43 m « kg ') I ARIE
H=1.29 m « kg * W, Ik 3l 157 43 068 T e K 5 B /K TR B 38 O, FE ISR IR 0. 65~0. 86 m » kg 75
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Table 5 Peak pressure of bubble impulse vs. explosion depth in different depths

H/ pw/MPa

(m=-kg ") h=0.22 h=0.43 h=0.65 h=0.86 h=1.08 h=1.29 h=1.51 h=1.72 h=1.94
0.43 0.41 0. 66 0.94 0.95 1.25 1.13 1. 17 1.19 1.24
0.65 0.57 1.12 1.57 1.98 2.11 2.29 2.30 2.27 2.54
0. 86 0.56 1. 26 1. 30 2.00 1. 86 2.72 2.26 2.62 3.02
1.08 0.56 1. 00 1.15 1.99 1.76 2. 60 2.38 3.41 3.29
1.29 0.70 1.40 1.15 1.71 1.56 2.06 2.33 2.48 2.85
1.51 0.57 0.76 1.02 1.49 1.47 1. 88 2.02 2.29 2.62
1.72 0.56 0. 86 0.93 1.27 1. 46 1. 69 2.03 2.21 2.53

Note: The unit of A is m » kg™ /*.
K6 FARABRTEKRKRSAKINTHILFE
Table 6 Peak pressure of bubble impulse vs. explosion depth in different depths
H/ I/(kN+s+m?)

(m+kg '*) 7h=0.22 h=0.43 h=0.65 h=0.86 h=1.08 h=1.29 h=1.51 h=1.72 h=1.94
0.43 15. 57 23.05 29. 26 34. 81 35.17 36. 82 34.74 36. 25 34.23
0.65 14.17 27.04 36.19 45. 86 49. 39 55. 38 54. 14 59. 30 56.71
0. 86 14.74 24.41 35.58 45. 25 52.46 58.02 60. 98 63. 20 64. 97
1.08 15.44 26.58 35. 84 46. 75 54.16 62. 04 67.21 71.40 73.65
1. 29 12. 89 22.25 32.42 41.02 50. 95 57. 80 65.15 69.21 74.42
1.51 12.53 22.35 30. 45 40. 39 48.12 57. 30 63. 35 69. 37 72.06
1.72 14. 89 24.16 32.79 41. 32 48. 06 57.76 64.49 70.41 73.88

1/3

Note: The unit of 7 is m *» kg~
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Fig. 7 Peak pressure versus explosion depth Fig. 8 Specific impulse versus explosion depth
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Influence of Explosion Depth on Bubble Pulsation in Shallow
Water Explosion

DONG Qi'"*,WEI Zhuobin®, TANG Ting”,ZHANG Ning’

(1. Naval University of Engineering sWuhan 430033 ,China;
2. Nawval Logistics College of PLA ,Tianjin 300450,China;
3. Naval Submarine Academy ,Qingdao 266071 ,China)

Abstract: Based on the numerical model established using the ALE algorithm in consideration of the
influencing factors of the water surface and the water bottom, the shallow water explosion in different
explosion depths was simulated using LS-DYNA, and the credibility of the simulation results were
verified by the comparison of numerical results and empirical formula. Then the bubble pulsation’s
form and loading characteristics in different explosion depths were explored,and the influence of the
explosion depth on the bubble pulsation in shallow water explosion was analyzed. The results show
that with the increase of the explosion depth,the influence of the free surface and gravity diminish, the
influence of the hydrostatic pressure and the boundary surface rise up,the jet flow direction constantly
changes from downward to upward during the bubble shrinkage process,and the times of the maximum
bubble radius and pulsation period also gradually increase;that the specific impulse-water depth curve
increases at first and then decreases,and the load distributions are basically consistent with each other
when the explosion depth is close to the water bottom;the decline of the load slows down with the
explosion’s spreading distance; and that the growing trend of hazard explosion depth tends to slow
down after rising steeply along with the increase of the depth measured, becoming stable towards the
water bottom.

Keywords: shallow water explosion;numerical simulation;bubble pulsation;detonation depth
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