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Table 2 The working conditions

A T m h/cm a,/g po/MPa K 45 L m,/g h,/cm
Ji 2y 1 1200 g 750.0 1 0.101 0 1 1 200 750.0
2 50 25.0 0 0.101 0 1/30 1 350 750. 0

1.0 K mg 0 3 /3 35 5
3 150 mg 37.5 20 0.101 0 1/20 1 200 750. 0
4 50 mg 25.0 1 0.172 1 1/30 1 350 750.0

Jin A AR AR

5 150 mg 37.5 1 0.170 8 1/20 1 200 750. 0
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Fig. 2 Test bubble pulsation process for 150 mg charge explosion in the water depth of 37.5 cm

under 20g acceleration (condition 3)M%!

X LR B A 2 Fh T, 43 B K T 1) 2 BCEE B AR VR L 5.0 RN 7.5 em 4 AL U L g1 B
(d/m" )55k 1. 36 Fl 1. 41 cm/mg"” , 1 5 3 DL AH 45 ; 71 5845 210 9 ob o5 P 0 (8 R 77 43 30 25. 80 FiI
27.03 MPa, ITKEFZ153 50 A 30 F1 46 s K JJWEAE 4397 24 5. 78 Fl 6. 14 MPa, $II 358 Z] 4 6. 86 il
10. 86 ms; oo il Fi Jy-mt 1Al ph 2 AP 6 B . X DR AR T 1 B 5 B R R L 150, 0 em, TR
2 g o o 9% 06 K T3 R 28, 84 MPa, ] 3A B ZI 4 0. 90 ms; UK E S IEAE R 6. 62 MPa, 2| 1k i Z| K
222.2 ms, MRYZARLSE 2R BEAY Y e -k ] ity 2 4 740 0 45 30 107 D R A Fe -1 [R] il 4L a1 7 R,
IR G5 FIECE 15345 R 0T DAAS S KR 8 R 0o A5 780 e g 3 0 v o e R =3 ik 20 ) 300 28 2o AR OG 2R 1 46
AL ol I 0 R AR K Bl R ) K/INANAR S B K I 20 R I 4 B RUBE e D 1 3] 3k s 21 43 Sk
0. 90 1 0. 92 ms, WS FIFEI 214350 K 205. 8 F1 217. 2 ms. 5 5 50w I 1A 0 Jo] 30 e A — 3¢

024102-4



%39 & KOS RO LRI I R A AR PR T R KRS & 55 2 1]

10 cm
L
0.0 ms 1.0 ms 6.0 ms 8.5 ms 11.0 ms 11.5ms

3 150 mg 24 7E 20 B BE 37,5 cm KR T B IE Kk 3h i BB BRI 45 R (T 30
Fig. 3 Numerical simulated bubble pulsation process for 150 mg charge explosion in the water depth of 37.5 cm

under 20g acceleration (condition 3)!
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Fig. 4 Numerical bubble radius histories Fig. 5 Numerical bubble radius histories
under working conditions 2 and 3 for converting the centrifugal model
of the centrifugal model into the prototype
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Fig. 6 Numerical shock wave pressure-time curves Fig. 7 Numerical shock wave pressure-time curves
under working conditions 2 and 3 for converting the centrifugal model
of the centrifugal model into the prototype
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Fig. 8 The numerical simulated process of bubble pulsation of 150 mg charge in the water depth of 37.5 cm

under the atmospheric pressure of 0. 170 8 MPa (condition 5)
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Fig. 9 Numerical bubble radius histories Fig. 10 Numerical bubble radius histories
under working conditions 4 and 5 for converting the pressurized model
of the pressurized model into the prototype

B11 R 12 2 T A 8 R s 7 J5E 280 7y e B e il 48 ) KM 5 1 . BRO(E ST A4S 2 i R A A8 T 4
AT 5 B s I 0 (5 1R 7720 594 25. 80 1 27. 03 MPa, — YR JE JJI&(H g 6. 58 1 6. 93 MPa, % 3 ff
7 R BBV B3 1) 04 O R R R I A 78 T 000 v v o gl WA VP ) AR i R AR AL Kk B0 JE B 7 R )
DL 07 B R g R/, B 2 R0 4, T8 3 AT B 5 2 SR T AR TR B 2 2 B 2 TR LK
BN DL K P A 0 53 AN T B4 2 O A A T 0 3 0 i g, I AR A TG i RUE . TSRS SR bR
il Y VA R ) AR AN 32 T ) mlCR R Y R T 5 AN T8 38 A BE N FE ) 3 S R, E G K R g R [ R £
T AR I WEAR RN B A I 2 B — R K Bl Y e R AR AR A B AR — B, DAL, FE ISR KT R AE
A — WK B R I P el I N K A S i A A AT A5 B RO R R B Y 45 AR

] 13~ 14 A A A0 K sk o7 i 284 1) <3 3 B ) i B3z B BB 25 1, 45 6 TR 8 W LA s I R A A o
AU — Rk B JE W T 5 1) 3 3, I R i ) R, 5 R A B T ] AL R T 1 R —

024102-6



%39 & KOS RO LRI I R A AR PR T R KRS & 55 2 1]

B I8 S AW RT B RO 2R 5 100 AN ) ROST 47 LU Y O 0S8 3l 62 B8 AR U A AL G R 45305 45 it
TIFEAR W) . BLIRAE ZFT A 70 A o o i e AR v 0o 55— U Bk sl A A ] 3] 5 SO A A5 5 A B OG 2% L
10 7 7055 U AR bk sl it 5 v~ A2 R ] 300t 5 R g 2 AN O (EL: O B9 3 3l 07 1) 405 B A OR A
S o A ) (42 250 RV 7 26 06 T 3 R R IS AR 2 A/ 32 B 7 12/ o DR 7E i
FEAE RS S B38BT R A TR o D R A T T A R AR A A o s B b A AR L P AR AT
FERMLAB B LKA P IS A6 250 A B AR LA PR A REAT A RO AR L i e B R AS B s i J 78, 1
REE o OB T R g AT T

30 30r 2 = I
i —— 50 mgg-25.0cm-0.172 1 MPa-5.0 cm i RO0MmEg20.0 ARl i3 L MES.0 e
= r [ — [~ 0y = | _7 g
25F --- 150 mg-g-37.5 cm-0.170 8 MPa-7.5 cm 25F 150 mg-g-37.5 cm-0.170 8 MPa-7.5 cm
[ [ | e 1200 g-g-750.0 cm-0.101 0 MPa-150.0 cm
20F 20
g 2()j & X
a 15 r ‘g 15
A g
& ol = 10
. ‘ | :
0 ; A, il t [ ‘ . PO ./ " ol
-5 0 5 10 15 20 25 -100 0 100 300 400 500 600
Time/ms Time/ms
B AR T 50 4 A T80 5 A wh o IR 45 P12 g He A 7 40 5 30 Ji 7R A oo JB 1 4 2R
Fig. 11 Numerical shock wave pressure-time curves Fig. 12 Numerical shock wave pressure-time curves
under working conditions 4 and 5 for converting the pressurized model
of the pressurized model into the prototype
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Table 3 Comparison of the numerical calculation results between the models and prototype

TS5 LR J Al
TH d/em — -
m a./g h/ecm  p/kPa p/MPa R,./cm  T/ms p/MPa R,./cm  T/ms
1 1200 g 1 750.0 0.101 0 150.0 28. 84 144.2 221.3
2 50 mg 30 25.0 0.1010 5.0 25. 80 4.95 6.82 25.80 148.5 204. 6
3 150 mg 20 37.5 0.1010 7.5 27.03 7.02 10. 84 27.03 140. 4 216.8
4 50 mg 1 25.0 0.1721 5.0 25. 80 4.69 6. 85 25. 80 140. 7 205.5
5 150 mg 1 37.5 0.170 8 7.5 27.03 7.02 10. 82 27.03 140. 4 216.4
10¢ 200 - o
g 6F g # —— 1 200 g-g-750.0 cm-0.101 0 MPa
E 50 mg-30g-25.0 cm-0.101 0 MPa %’ 100 <owe 50 mg-30g-25.0 cm-0.101 0 MPa
E 2t 150 mg-20g-37.5 cm-0.101 0 MPa A . 150 mg-20g-37.5 cm-0.101 0 MPa
g e 50 mg-g-25.0 cm-0.172 1 MPa - > 50 mg-g-25.0 cm-0.172 1 MPa
z 50 me-0-37.5 erm- 2
S 2 150 mgrg-37.5 cm-0.170 8 MPa b MM,( - + =150 mg-g-37.5 cm-0.170 8 MPa
=} F _—
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Fig. 13 Numerical vertical motion of the bubble ERIE B B 45 R
for the pressurized model Fig. 14 Numerical vertical motion of the bubble

for converting the pressurized model

into the prototype
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Similarity relations of underwater explosion

in centrifuge and pressurizing vessels

SONG Ge, LONG Yuan, ZHONG Mingshou, WANG min, WU Jianyu
(College of Field Engineering » Army Engineering University ,
Nanjing 210007, Jiangsu, China)

Abstract: The collective effect of underwater explosion shock wave and bubble pulsation does not meet
the traditional geometric similarity relation, and the scaled model test must be carried out in a closed
pressurized tank or centrifuge apparatus. Through the dimensional analysis and = theorem, the simi-
larity theory of the model tests was deduced. The prototype condition and model conditions with the
scaled ratio of 1/20 and 1/30 were simulated based on LS-DYNA, which shows the similarity relations
and application scope of the pressurized model and centrifugal model. The shock wave, bubble radius
and bubble period can meet the similarity relations but the bubble motion and jet can not meet the
similarity relations in the pressurized model; and the shock wave and bubble pulsation almost meet
the similarity relations in the centrifugal model.

Keywords: underwater explosion; model test; centrifugal model; pressurized model; LS-DYNA
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