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Fig. 10 Pressure nephogram of air buffer in non-contact explosions (¢=0. 03 m)

) K SR EE S 0,03 m B UL a5 A Y oo g B RR R P 10 R . AR 11 Rl DU u
7 YA 2 SR R AR L T By s 7 A (LR s SRR 2 TR 8 AN W AR L L b ol 0 Y B 3k i ] i
SRR R R RGN BE RS . 12 R T AR F il g kT b R e R B A R )2 R AR e L
Hh b T U R s R R R R AT TR . R AT 12l ey P 0 fEL R S R R TR 9 3
TR R L R AR E O 1 I T AR E L M bl TR W AR T 2004
4.4 THREIEMEZEEE X R & K80

il 5 25 R R IR (c=0. 03 m)  WFFE = BB R HE TNT KE2GEE RS o Xyl np dr e g 2w . = Uk
JEHE TNT Kz 255 ] B 2 R 0L A5 A 1 i s il 2R A 0 13 e 7 ORI e 8% o ot T ) e (L BB B &0 119 7%



5 2 ) Wk fiB 554 K P A SRR 2 S P RE B 171

el £ 14 frzs . MIEL 13 & 14 Hal LUA H < oy I I fELRf 25 OB Z BE TNT JE 2550 8 o /9 38 i
AN 20 o ] R A TE DU AR TR D 1. 2 B R T AR E 5 R A (SRR E IE AR R D 0O i, &R
B 2= T A8 o ot T T WA AR 249 55 040 T 23 SR J25 TE U A J5E 188 O 1. 2 B ) A 2 fih A58 0 USRI 29 20 04

DR I 225 o J2 A 2 0 T 0 ik v 5 D8 A B8R B A
1.0
0.8\_—\

500" ¢=0 m
= 400 0.6
=¥ — 2 L.
§ 300 ¢=0.01 m 5:
= 200

100 A 0.2

/ ¢=0.02 m
0 50 100 150 200 250 300 0 0.5 1.0 1.5 2.0
t/(us) clr
P11 RSBk O AR i 2k (d=0. 25 m) B 12 o E 7 VM B 2 SO R R BE Y AR b
Fig. 11 Pressure curves in non-contact Fig. 12 The relation between the pressure peak of
explosions (d=0. 25 m) shock wave and the thickness of air buffer

5001 1.0

400 0.8~
£ 300 5 0.6/
£ &
= 200 S 04

100+ 0.2

0 SO 0 — :
50 100 150 200 250 300 0.5 1.0 1.5 2.0
t/(us) b/r
B 13 23 S0 )2 BE HE 24 A (W] R s 0 e 7 I 7 i 2k Bl 14 o 7 W (EBEIE 2 0 198 fE 06 R
Fig. 13 Pressure curves of air buffer in different Fig. 14 The relationship between the pressure peak of
distance from the explosive shock wave and the distance b
5 & #

AR 0 B X FO A 58 B R R SE T 22 BRUK R MR (R Y 4R T S BT A B T SO T R
WERTT Gl 7 29 BUK B IE TSR FE L XK R BB 0 25 =R 2 b o S i M RE AT 17 % B 20 #r
PR EZEEANT « (1) TCI8 2 He firh J K a0 J2 A e kg K, 25 =R V2 2 T A 280 3 Dl ot i, O L 422 ik
HB A v 25 SRR 2 sl v ol 4 14 RACR S e ORI il R T I fELRREAR 2 55 005 (2) 25 KRR 2 R 5 1 A
JREJE 2 Lo 1 IS AT s ) et 1 o ek e ot SR SR PR s R R R R X o ol B ORI AN R X
A BRI I A P A 9 TS B SR I T B A A 5 (3D s B R B 24 B E AL BE RS /N T 1. 2 i
23 SR Z B TNT K 28 09 2 08 30 Dl e ol 2 8% R 52 W) A 355, 40k 282 994 o B g, D %o o il o < 9042 19 52 )
AK.

References:

[1] Zhu X,Zhang Z H,Liu R Q,et al. Experimental Study on the Explosion Resistance of Cabin near Shipboard of Surface
Warship Subjected to Underwater Contact Explosion [ J]. Explosion and Shock Waves, 2004 ,24(2) :133-139. (in Chinese)
A B aRARAR X SR A K T I AE A% 0 B R AR 45 A AL AL TR IR T 5 [T, BRE S bt . 2004, 24(2) 1 133-139.

[2] Zhang Z H,Zhu X,Huang Y Y,et al. Theoretical Research on the Defendence of Cabin near Shipboard of Surface Warship



172 = JiS L i 2% Eitd %25 %

Subjected to Underwater Contact Explosion [J]. Journal of Ship Mechanics,2006,10(1):113-119. (in Chinese)
IR R B B A K T AL O By e A K TR SRR B A ML S (] AN 052006, 10(1) 1 113-119.

[3] Wang Y.Hua H X,Chen Y.et al. New Concept of Ship Anti-Shock Layer in Underwater Explosion Wave Isolation
[J7. Science &. Technology Review,2009,27(3):21-26. (in Chinese)
R B S BT b TR A o R R S LIRS [T ). BHE R, 2009,27(3) 1 21-26.

[4] LiYJ.Li G H,Zhao B L,et al. Influence of Double Hull Structure on the Effects of Underwater Explosion [J].
Journal of Ship Mechanics,2006,10(5) :127-134. (in Chinese)
FEA AR BN AF SR FE AN KT RIEE T RS2 A 5 [T, SR AR %% .2006,10(5) :127-134.

[5] YuS Y. Model Test and Numerical Calculation on the Ship Protective Structures Underwater Contact Explosion
[D]. Harbin: Harbin Engineering University, 2007 ;:44-58. (in Chinese)
TR IR U0 B 4 2 6 1 KT 4 S A A R B 5 R BB T B (DL M RV - WG R I TR K%, 2007 :44-58.

[6] Fan Z J,Shen Z W,Ma H H,et al. Experimental Study on Attenuation of Underwater Shock Wave by Air Interlay-
er [J]. Journal of University of Science and Technology of China,2007,37(10):1306-1311. (in Chinese)
B PR IR I, B 5L AL A SRR K il O RCR 1 SR A 5 [T, rh R AR B R R A A, 2007, 37
(10):1306-1311.

[7] Liu G R,Liu M B. Smoothed Particle Hydrodynamics— A Meshfree Particle Method [ M]. Translated by Han X,
Yang G,Qiang H F. Changsha: Hunan University Press,2005:1-432. (in Chinese)
Liu G R,Liu M B.OJGH R F IR ) Sy 2 —— — R JC WA k71 M1 86 JiL A5 R SRR 3% KU B m K2
HR AL 2005 1-432,

[8] LiuM B,Liu G R,Lam K Y. Investigations into Water Mitigation Using a Meshless Particle Method [ J]. Shock
Waves,2002,12(3) :181-195.

[9] BaiJ S,Chen S H,Li P,et al. High Resolution Computation of the Under Water Explosion [J]. Chinese Journal of
Applied Mechanics.2003,20(1):103-106. (in Chinese)
FENHL  BRARAE . 28 P, 55 KT B M AR 0 ks B BB T4 [0 . BT 0 27 244, 2003, 20(1) : 103-106.

[10] Tan H. Introduction to Experimental Shock Wave Physics [ M]. Beijing : National Defence Industry Press, 2007 :15-

66. (in Chinese)
WA S R e LT 5] CMO. db st BB Tolk s it . 2007 : 15-66.

Research on Performance of the Underwater
Air Buffer Weakening Shock Wave

YAO Xiong-Liang, YANG Wen-Shan,CHU Wen-Hua,ZHANG A-Man
(College of Shipbuilding Engineering » Harbin Engineering University s Harbin 150001 ,China)

Abstract : Based on the characteristics of the damage on the ship caused by the torpedo, the numerical model of
multi-medium underwater explosions was established, where the methods of treating interface and calculating
generalized smooth length were presented. According to this new model, the programs of multi-medium un-
derwater explosions were worked out,and a quantitative analysis was made on the performance of the under-
water air buffer weakening shock wave. The results show that the shock wave can be significantly attenuated
by the air buffer, whether in contact explosions or non-contact explosions. And the attenuation effect of the air
buffer in contact explosions is better than that in non-contact explosions. The pressure peak of the shock wave
can be decreased by nearly 55% by the air buffer in contact explosions. When the ratio between the thickness
of the air buffer and explosion equals 1,the effect of the air buffer on weakening shock wave is obvious,and
further increasing the thickness of the air buffer has little influence on the attenuation effect. The research re-
sults will provide reference for the structure design of the ship protection system and torpedo defense cabin.

Key words: underwater explosions;air buffer; weakening shock wave;smoothed particle hydrodynamics



