a1 B TH wmOE 5 W & Vol. 41, No. 7
2021 4 7 /1 EXPLOSION AND SHOCK WAVES Jul., 2021

DOI: 10.11883/bzycj-2020-0136

ETRAESEMAKTSET
TR RBR

CEERR S RS
(1. RPCBHE R =B, Wit 3 430065;
2. WAL B Be R T AR AR BESE fhuts, WIdE 2RI 430065,
3. M TR RERARAR, R TN 511459)

FEEE: A AR K T R K ol e 9 B 0 B B, R AR AL A AR S B R AT X K R R % 4
FIEA TR R B R B AR = P9 /N B KT 00 e 5 A5 A 0 48 R SRR AR TR A AR AN 5 K T R A s DA
ARG R Y B AR g M AR A, AR X BN SR S IR 2, R E 2 20 . fESL IR |,
AT AR B AR R, 5@ 33 LS-DYNA A4 BR T4 A 47 1) APDL 35 75 i AT i, SC B0 T 76 B0 58 M A% X Bk P, 5 i
T 8 A0 AR 7 A Y Bl v T AR =2 [ 4 e /N 22 5 B AL 3 — 2 B AN ) A3 1 /09 SR A 40 B 2 A v A0 1Y 4
A7, I3 A AR B R DX A ORI [ SR T T AR R . AT e B3 T I 6 A O B S R A R
A6 oo 5 By s R v 5 A LB, I B XS P AT B RS R, B AR I B, (A SR A B — SRS
SRR St MR E AR [E G, B R i TRUE .

KRR SRS KRR SRR BUE 2T BEML A H

FESES: 0389 EfRZERARE: 13035 XEAFRERE: A

Analysis of underwater shock wave attenuation
by air bubble curtain based on bubble shape
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Abstract: Bubble curtain is an important means for protection against underwater explosion shock wave. It is of great
significance to study the mechanism and technical parameters of bubble curtain regarding the safety and application of
underwater blasting. By using high-speed photography technology and video framing processing technology, indoor small
underwater bubble curtain model is photographed and analyzed. It is found that the gas curtain is highly discontinuous and
inhomogeneous in both the formation process and the interaction process with the underwater explosion shock wave. The gas
and liquid are mixed in the air curtain area, and the interface contour is complex and diverse. Air displacement will directly
affect the quality of the air bubble curtain. The larger the air displacement, the better the continuity and quality of air curtain.
On this basis, considering the influences of bubble shape, interface, and gas-liquid coexistence, programming is carried out
through the APDL language that comes with the LS-DYNA finite element software. By setting the variation range of bubble
diameter and the minimum difference between bubble diameters, a certain number of bubbles of different diameters are

randomly positioned to simulate the bubble distributions in the real air curtain. The air curtain quality under different gas
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source pressure can be simulated by changing the number of bubbles in the set air curtain area. It is found that this method can
better reflect the protection mechanism of air curtain against the shock wave. Comparing the protective performance of air
curtain with different bubble numbers on the same shock wave, it shows that the protective performance increases with the
increase of bubble density. However, when the number of bubbles reaches a threshold number, the overall continuity and
stability of the air curtain are basically fixed, and the protection effect tends to be stable.

Keywords: bubble curtain; underwater blasting; shock wave; numerical analysis; random distributio

MR K T R il B B 2T, B RAEFRIBPACR . MR TR MR, R
T B S HEXT KT R KE vh il P T2 IR T 3K 70%~90% LA U0 1207 vk B4 32 2 T PR o/ A% 1 R 15 g 4
GBI E—E R Yl P RE R RN, T A B TR AR, R YA A S Ak 2 R
Bk 2 S5 AGEST 54, BSB89 DR T4, A /NI 2025 S R AN S i 2 i R e Ak 1)
B % o R, ohili P e 2t R B v, R 2 R — AT I R r BE . A, i T
W B LA E K R L 3 B U 2 (A e T DX 7K P 7 A — s Y R ) D77 1) A S 8 B [ 3
gy, YT P AE T R I S A B — 2 MR A AR e R h S SR ALK BT — i TR A R
AR AR R BK T RS, AU R S R/ INFLR H TR K R O R SRR . T
AR ER TR 0 R A 5 ) A FH R W b T AT — R A Sk 9 R ol P R R L
SPERVERS KB RAHL B RATFLMIEE LUR SRR | AR 2 B vl R A I B )

KRR TR TEMERE R W e R AR 2% HL A B L B K B, Xt A AR X il g . H
2 A C AR BRSO B P RCR 2EAT BT 5T, 32 2008 58 TR /N N 52 | BT 3 A
WO T AT RSB o SR SCAFM AR R K% 5 Y B T8 30 10 ) 300 10l T8 o R e M 5 96 3
K HRHE s B BEAT B 3, oA v o R (B35 90.77%, BRIE 1 BT AT 30 7 A A A AT Sk
(1922 45 7 FEAF) T i RS R SR RN A 20 AT R TR R AU A Sk B B el A5 P i 1
BT 5 5 A9 AR 7 = ok TR B T R 6 P AR R B TR Pl ad B S et T U AR AR L (U
J1 A GTFLALAR R A A B A SRR RS2, SCBE TOKR 70 m PREREE T AR b
AP BB s A R AT AN B K e b RIS T T AR A R B MR R FLAR SRR
SRR XA whik PR R A S AR AF ) A F AT BRI Y QB KR R SR R R T
CHLMEFS B AR 7K AR il Dl BAT 0 i T, G 0 W 0 R IR I 24 1/10; 2 A5 7
A KM P SEBBIESE 1 AR X b o ISR R R AR A ORI S TR AR R | ORI EAR
AR | FLIEXT B 5P S8R ) S AR U5 5 183 4 P A1) 78 DR /AR vl 1 RO 2R RIS 1 X X
it A TR ACR,, WIS T AN ) O AR A i SRR IR B SC R, ARG vt Bl S I 8CR B R s Xl
JRAFU St AR 3T A BRAE K Bl P LB Fp e e e 5 e DR e At o oy 904 D6 (D T Dl
B 5 5K A SR B A5 S BUE T B 5 I L 1A AR O MR ™ A2 2K AR
JERESE ERRAL . LA, AN AR T TS Y n] DL SCHR R ARGE D, K2R FETTIRIE, — AT 2AIF .

Zia LTS A 2 B H R AUk J LA 5 B 4P RO B 28 5 DE S B0, RZ A TP x R R 2
PEEMSR bl PO RO ST o A SCHRAE HRTSAE DTSR RN B 045G = AN, i
AR AA R AT AR SRR, IR BB T 1 B 20 /K T U e 7 w0 By i A v B0
AR i P R IR B R

1 SEXHERERSERER LS

S A e A A AR A e g B e AR SRR S AR AR, 7ERSE R 0.8 mx0.8 mx 1.6 m A HLBE I
e an R m A AL ZE BRI AT . FAEEWTRCR AT 10 000 s, IR K /N H 576580, 25 SUE4AHL
HESEN 150 Limin, e K618 0.8 MPa. A 5140 B4R 35 mm Y PVC 4, ZSHLERA R 15 mm. 4EZ5R 02¢
B2 o X AR A b SR A s AR R B A R AT A A B, R AR AR 2 5k ] a2 ] % ) B A T Sy
0.1 ms, &E[E B 10 5KEC 1 5K E R, ani&dl 1 s

073201-2



%414 R, S TR AL B KT R b PR R T 557 3]

0 5 10cm

BT SRR e DA R RS

Fig. 1 The shape of the air curtain under the action of explosion shock wave
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Fig. 2 Analysis of the movement trajectories of key points on the side of the air curtain towards the explosion source
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Fig.4 Contour plots of pressure at nine instants during the interactions of shock wave with air curtain
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Fig. 5 Schematic diagram of the location of the monitoring points
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Fig. 10 Schematic representation of randomly placed different bubble numbers in the air curtain area
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