H394% H3M o Vol.39 No.3
2022 49 A BLASTING Sep. 2022

doi:10.3963/j. issn. 1001 —487X.2022. 03. 007

KTRERBEHNNEHRERSHEZBEHRE
B BB BEE AL EAR ARE

(L RV IR KA S FREE TR 2B, K7D 41011452 1R K AR LB FER 2 B , Kb 4101005
3. RIS BRAEK G F B G IR A R SRR, K VD 41011454, BRI BOARIT & 23 v, BRifg 519099)

W OB ATHREAGKTREERRES S ST F LG RED KRB &09Y %, 50 ANSYS #
P AT ALE JEik 5 TR TR AR B SR AL MR B RIS AR AT AR A5 2 ) — K IR BB B SR HE T,
83 A A ] A2 — R 22 st R R & TNT X 25 22 /K F R MR B s 69 K B & B AL L AR08 S 4 e Am K
R DAFAEAT AT, BRA ERTRIELREP  MERIKIED ARG K, KREH R EBIR KA TR
ARF R AR EARR KRR 2 BERE, BAREI A AR R, B KR E R
FREBRK;EMBKEEBAMT , LB TR LT TREARG SN Y i ARG TR RIE >
A 6 B RREh 55— JB AR B A 3 e, T AR R K TR SR AR K, AR B R B B A A —
F B GG BB iR LiE g ARG TR, 2R A K FHFETE P OREZHE I RN TR
A A 8 K KB B AL RS R, Kk B ik B R K 64 2 — AR ) A 4R R W M BT

KEER: KTHRIME; AB; KE; K@K, ¥4

MmESEE: TVI.2°34 XERFRIRED: A XEHS: 1001 -487X(2022)03 — 0048 — 08

Research on Impact of Bubble Movement on
Free Surface Shape in Underwater Explosion

ZHOU Wen-zhe' , XU Li-jun’ ,GUO Jin-ze' ,LIU Chou-zi' ,CHENG Yong-zhou'’ , ZHENG Chang-Qing*
(1. School of Hydraulic and Environmental Engineering, Changsha University of Science and
Technology , Changsha 410114, China ;2. Hunan Polytechnic of Water Resources and Electric Power,
Changsha 410100, China ;3. Key Laboratory of Water and Sand Science and Water Disaster
Prevention of Hunan Province ,Changsha 410114, China ;4. Zhuhai Blasting New Technology
Development Company ,Zhuhai 519099 , China)

Abstract; When underwater explosions with different explosive equivalent are conducted near water surface,
bubble movement has certain effect on water surface morphology. Thus,the formation of water spike of free surface,
which is critical to this effect,was studied by establishing a bubble motion model of underwater explosion. And the
model was realized based on ALE algorism and ANSYS software. More specifically, the morphological changes of the
free surface spike,bubble motion characteristics and surface fluctuation characteristics induced by underwater explo-
sion were analyzed by normalizing of time parameters under the conditions of same water depth and distance parame-
ter and different TNT equivalents. The results show that the formation types of the spikes of free surface are in order
of fragmented water spike, splash water spike, cup-shaped water spike and crown-shaped water spike with the in-
crease of water depth and distance parameter. At the same time,the cavity radius of the spike of free surface also in-
creases gradually with the maximum value for the cup-shaped water spike. At the same water depth and distance pa-
rameter, charge quantity has little influence on the basic morphology of water spike. However, with the increase of

charge amount, both the first cycle time of bubble pulsation and bubble radius increase. The vertical displacement of
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bubble center point gradually moves upward after the first period of bubble contraction. In addition, greater charge a-

mount also increases the characteristic width of crown-shaped water spike and the height of the center water column.

The height of the surface fluctuation is increases gradually,and the normalized moment of the maximum surface fluc-

tuation also advances continuously.
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Fig. 1 Schematic diagram of the model
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Table 1 The material equation and state equation parameter value of TNT explosive

[15,16]

p./ (kg + m™) D/(m-+s™') P/GPa A/GPa B/GPa R, R, w E,
1630 6930 21 371.20 3.23 4.15 0.95 0.3 700
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Table 2 Water material equation and state equation parameter values!
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Fig. 2 Comparison of bubble movement trends near free surface of water
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Table 4 Calculation result of bubble radius and period error
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Table 5 Morphology of spike of free surface under

different water depth and distance parameters y;
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Fig. 3 Water mound morphology under different water depth and distance parameters y,
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Table 6 Bubble characteristics under

different explosive quantities
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Fig. 4 The development process of water spike morphology under the condition of y, =0.998

and charge amount of 5 kg( (a) ~ (i) are normalized time)
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Fig. 5 The development process of waler spike morphology under the condition of y, =1.003

and charge amount of 0.5 kg( (a) ~ (i) are normalized time)
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Fig. 6 The development process of water spike morphology under the condition of y, =0.999

and charge amount of 50 kg( (a) ~ (i) are normalized time)
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Fig. 7 Comparison of bubble motion characteristics with different charges
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