%238 H5M % A % H % j:li Vol. 23, No. 5
2009 4F 10 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Oct. , 2009

XEHS. 1000-5773(2009)05-0332-06

— KBS LEHARTIE

i R, kz¥F,.TEF
b [ TR ) BT 5% 5 37 A4S W TR 5% T e ol e ) B 5 0 2 )
[E B B 4 s =, I ZRFBH 621900)

WE.ZA£2mX2mX2m W ERALF RN Y E PETN X% A 8 S Ko =%
B, R B RN B TR AR A A P O\ BEL LK B A B B CORE ok R, R A KA B T
WA T L, ARBRT AERER A FRN BTGP T, KRG T EH MR
M T RER AR AL RLEIBREGRMA BRI E L., $ABEERERE 8ke
TNT Y EBRME AN E 4 Fxth, F2 &k AR ZMRN 5. 1%, BiE T K4 LT F &
BV AIEG K BRER MR NEHARRBET —HHAEARNGER T %,

KR BESFE;KPRE A BRI ;LT E; R EHR
RESES: 0382.1 X EkARINED . A

1 35

YEZ5 7K R K IS S SR HE 7 0 L) A0 I8 A TR 2 I Wi 4 R Ry S Ik 3l . 0L RE o e 24 7K b R
A1 1Y — 2B 20 A B 7 A 10 I DK 3 ) TR A AR S P A SR T o 2 A IOk Sl A 3R AR A T A A A
(7] BN 2 5 | A R A A9 A B DR 48 2 e 7, 5 55000 A8 0 1) 5 4 Je oty 8 O R0 R AR T, 5 | B O A ) AR 00 8 8
PR A S 25 3k T o AU A 5 30 TR B 3 K 0 I 2 5 R A LA P 7 A K U 3 R AR R
FEEBIR G R 2 B R AR 25 B B ARRIE . Bl AR AR R 25 e K P IR g R E h  TZ A A
UL RE 7 HE 24 7K rP R JERE B A LU B ORE R  Ane] S 0 A AU BE 7 AR R K s B X LA H BR
HEAT B T ol s © 20 B 45 BRI K v % B SR E R T N BB O Y [

FRAT AR HH R M AU UL GO T Jre SO Ik 3 AR DG 58 B R il . FR T K B9 5 BE R A R 800 24,
117 40 22 80 Ry 258 3019 1/30 000, PRI 7K A 8 0 B0 5 A 03] T 25 PP B D 7 98 I /K Bl ey R AT S5 56 B A7
TEAR 22 [n) 0« K 24 1 K 24 7K v 3 0 7 2 0 i oo o D00 o SRR AL A AR 58 %) B SR AR T 5 28 R FE I A% S 1)
5 | fe A ATLA K 148 55 #0477 — 8 0 TRUUE 5 9 ) 7K 37K 0T 46 2 4 2 v AR AT U LA 304537 M 179 <0t
PG, Y ORI 45 1 8 A BRI B0 R 2% 427 3 W) R 5 4 1 K ol o o JR A3 Bk 3 S 3 it 5 L 1L
Hovm HAHALIR AT L BEIRF) 1000 s "ol T30 Dk ghad 72 5 SC B 205 Cn o e 4 R R ik o 7 LK S B
B R SEE 1 ms A58 80 AR AL IR AT AR DU AN BB A 3 S IR B R ng 4T R SE R A R AR AN, H
T K 25K i K SR DK S B 5Y EEAEK AR T b AT o 33 2 R R < KR S92 38 T A PO O B AR v i A ok
JK s I R B GUKT A5 56 D' RS I R e 2 5 R [ IR R AR AL A4 A B MR T L AR A5 BE 22 U0 K Bl AR Y 4
TG . AT R AT K ot IR S 6 ke B AN A K B ad AR 52 . WL Lauterborn' (G, L. Chahine'” |
S. Menon"* 45 7F 52 35 7K A 7 2R FHHOK L CHE 56 W] R 0 1) 38 389 R 458 A o 00 7 2B D, 45 380 T A< ik
S R — BE B AL . TR ANTE SE R K AR R R PETN KR 25 BRAIE 5K rp i e S bk sh L4

[

« UWFBHI. 2008-09-03; & B HEY. 2008-12-15
EETIH: HFZLHE LML H (51335010202) 5 i[5 T 7589 BT 55 Be BR324 AR £E 45 (20060101)
fEEE AN 7 k1980 —), F A+, By BAF ST 61, EE MK FBEIEWFFT. E-mail: wbin98221@163. com



%5 W T WA — Bk v A8 I 3 ok 3l 52 98 F 5 D5 ik 333

R B K R TS S5 o 3 6 T K B AR AR G L SE R AR S BT I A R A E R R

ARG IO T 2 S B AN BIE T4 T — b KR BE U AR P BB A B A9 75 1 A RO AR T /K A BE S 53 o
P S Mk S AR AR L A 2 T A ksl R A S T RE A A K SRR T o R A M
PG, KA 52 B0 45 2R 55 5 I /K a5 6 4 SR AR — B

2 TREIE

F R g 3 B AT 2 A b B B Aoy AR O HE A BT 1B 7E PR T ST i)
14 S Aoy ST Aoy o SO I I3 560 i 5 B8 A 3158024 Xy
Aog =F Aoy (@D
Ao+ =T Aoy (2)
X F=0—n)/0+n),T=2/(0+n)sn=pyco/(orci) s HH, 0000 53514 0 FIA BT 1 0% B,
co~er A A O RIS BT 1 R

A (DA AT, W 2 >1, 0 F <0, R A b il S 78 L1 1w A B 0 S A6 B i L IF 1)
B 1 A AE S b i 323 S bl R AR T S b i RS R GRS TR ZE v R . X LD
KR RE WG AR I 2 S ) HE AT T, TH ORI & B ORE S RO R K 1 % BE p,, =1 000 kg/m’, O ¢, =
1.45 km/s; M % B o, = 7 800 kg/m’, 7 il ¢, =5. 19 km/s; B IK % E o, = 930 kg/m’, FH# ¢, =
0.046 km/s, THH B K g K vp i I A% 36 5 1n) 3 1 ARSI,

TETK G BE NG — 2 A5 B I, 93 K b o U Aoy FE /K AR BE )2 FT 1 & AR 35 S0 R0 SIS T8 18 s 33 s i 95
Aoy 35 B b di P Aory s 24 Ao FIA MR- BT 2 B 100 4508 2 I 5T o i 0% Ao 5 Aow, B IR 7K AL
T 1B K e GBS B Ao, R 1) BTR

A5 ORI AR KA T 70, = pwen/ (pre) =35, 1, B I Ao =0. 05520y, 3
BIE-NAR BT ne = poc./ (ooc) = 0,001 1, RIFIE Aoy, = Aory = 0. 05500y, 5 B8 BE-7K A BHPL I n=
pece/ (puee) =0. 03, EHFIE Acry =1. 9400k, =0. 1100y, . AR FHAR AR A 28 wh 2 5 48 K v o 0 A8 7K -9
M B Ak 1 Bz S A AR AN 1 Ch) BTN L FR (D) SRT AT K40 S BELBT LE 7 = puc / Core,) = 0. 036, 55
Aoy =0. 97 Asyy .

Steel

Water

Steel

Water

Aoy,

1
1
[
1
[
1
1
1
1
[
1
1
[
1
1
1
1
1
1

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
2

(a) Water-rubber-steel (b) Water-steel
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Fig.1 Transmission and reflection of elastic wave in different materials
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Fig. 2 Schematic diagram of the experimental setup
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Fig. 3 Experimental pictures of bubble pulse for 4.5 ¢ PETN underwater explosion
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Fig. 4 Experimental pictures of water jet formed by bubble oscillation
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Fig.5 Pressure of underwater explosion in water tank Fig. 6 Pressure of underwater explosion in water pond
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Table 1 Calculation and experimental results

mpprs /() T,/(ms) p./ (MPa) p./ (MPa) T, /(ms) T./(ms)  Error/(%)
1.5 27.08 0. 15587 0.201326 33.52 33.43 0.27
3.0 33.42 0.15591 0.201682 41. 46 40. 10 3.39
4.5 37.83 0.15571 0.201762 46. 95 44,67 5.10
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An Experimental Method of Studying Underwater
Explosion Bubble Oscillation
WANG Bin,ZHANG Yuan-Ping, WANG Yan-Ping

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \(CAEP ,Mianyang 621900,China)

Abstract ; Dynamics of bubble oscillation formed during underwater explosions were studied in a 2 mX2 mX
2 m water tank. The theory of shock absorption when elastic wave transmits from high acoustic impedance
material to low acoustic impedance material was used. The walls of the water tank were covered with a layer
of material having low acoustic impedance. With this set up, the bubble oscillates without influence of the
shock waves that reflected from the walls of the water tank. The pressure was measured by piezoelectric pres-
sure transducers,and the explicit pictures of the bubble oscillations and water jet were captured by a digital
high speed camera. Another experiment was carried out in an 8 kg test pond to validate the water tank experi-
mental data. The results of the underwater explosion in a water tank are in good agreement with the results
getting from the test pond,and the maximal relative deviations between two experimental results is 5. 1%.
This method is simple and efficient for studying bubble oscillation phenomena.

Key words : mechanics of explosion;underwater explosion;bubble oscillation; experimental method;bubble picture
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