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Study on the Influence of Bubble Curtain Distance and Air Supply Volume on the Attenuation Characteristics
of Underwater Shock Wave
YE Feng-ming" 2, WANG Tian-zhao®, DU Ming-ran® >, LI Ji-rui" %, ZENG Hui-lian"?, ZHAO Wei" %, WANG Yin-jun**
( 1. Guangxi New Harbor Engineering Co. Ltd., Nanning, 530200; 2. Research Institution of Underwater Rock-Cutting
Engineering at Guangxi Zhuang Municipality Region, Nanning, 530200; 3. School of Chemical and Blasting Engineering, Anhui
University of Science and Technology, Huainan, 232001; 4. BGRIMM Technology Group, Beijing, 100160 )

Abstract: To investigate the influence of bubble curtain distance and air supply volume on the attenuation characteristics of
underwater shock wave, AUTODYN finite element software was used to simulate the peak overpressure, specific impulse, and
specific shock wave energy of underwater shock wave under the action of bubble curtains with protection distances of 0.7, 0.5, 0.3
m and air supply volumes of 40, 80, 120 L-min”', and the test verification was conducted. The results show that as the protection
distance decreases and the air supply volume increases, the attenuation effect of the bubble curtain on the peak overpressure,
specific impulse, and specific shock wave energy of underwater shock wave significantly increases; Compared to the peak
overpressure and specific impulse of shock waves, bubble curtains have a more significant attenuation effect on specific shock
wave energy; Compared to the blank group, when the air supply volume of the bubble curtain is 120 L-min" and the protection
distance is 0.3 m, the attenuation rates of peak overpressure, specific impulse, and specific shock wave energy of the shock wave
are the highest, which are 91.00%, 90.13%, and 98.97%, respectively.
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Fig.1 Schematic diagram of the principle of reducing shock
wave with bubble curtain
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vEnTv; (8)
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PURBIESF AR IFEL, 235 R4iE L n]
PASAFR) W RERE, MIMTEEI BB

2 HEER

XN RS IR e B S XU R K b b B A
TR T EATE . K MR E 2 BKIR
IKHEE . K PR R A, T ik LA
ROTHE, e bt v B GR e sT . A
AUTODYN A FRICH A, #5712 m x 1.2 m i 48K
IRKE A, FEXERA MR, T
LR EAER, KA B AT R ik
IKFERIERI SR BURIESEN . SRR A&
KIS, AN TR B 2R s KT KEZ )
YEFIIE K R e 7 5 Rk s pdiipe
T H S
2.1 MRHER RS
2.1.1 MEHAER
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Tab.1 Material parameters of explosives

o W A
A% em) s

TNT 1630 6930 37370 321
2.1.2 KehgAER

I EEKESZBKIRASE N, T2/ KA BT N

fiE, DR Polynomial bR 255 el CH A A 41 o

T /KRR 5, RS R rE A A

A/GPa B/GPa R, R ® Ey/GPa

415 095 035 6.00

[F] :
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Tab.2 Parameters of the state equation of water

AI/GPa Ag/GPa A}/GPa Bo Bl TI/GPa Tz/GPa po/(g-cm‘3)
2.20 9.54 1457 028 028 2.20 0 1.00

2.1.3 mRAEA
2R AIR 2SRRI RRAR A AR A5y Al
i

p:(y_l)pﬂg (17)

0

X (17) W EFHONGE; y M4aGEEL, B 1.4;
po NZS SRR ERE , B 1.225 kg-m™; p W YRTREE
2.2 1RBIEN
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2 SRR AT/ VA B SR . JEa s
RUBSIF R, 4 MEREAE XU 40, 80, 120 Lomin”
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O, bRk 8"HLTR ] 1.07 g TNT 53000k, ddi i
PEFLE iy, OS5I s |,
PEIES SRS 0.9 m, 07 F/KT 0.6 m 4k, i
WL Transmit IR, KAYHLNEES 382.875
Tke'o FEULAMET, ABIESIR R 0.7, 0.5,
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Fig.2 Numerical model of the blank group
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Tab.3 Simulation results of blank group

K P,.o/MPa Io/(Pass) Eo/(kI'kg")  ZERUR] us
1 4301 17.61 280.87 423
F4 HXNER 40 L-min' HARERGIFESHGELSESR

Tab.4 Simulation results of different protection distances at a
air supply volume of 40 L-min™

B P/ I/ Eq/ T

eRs) m 0 s 0 s 0,

A5 U mpa B (Pa-s) A% (kI-kg™h BI% IRF ) us
1 0.3 1285 70.12 526 70.13 23.01 91.81 4.09
2 0.5 2.001 5348 9.78  36.01 59.15 7894 4.5
3 0.7 2749 36.08 13.73 2203 13480 52.00 5.10
x5 HREXN 80 L-min' RAERIFESMNHELS

Tab.5 Simulation results of different protection distances at a
air supply volume of 80 L-min™

FEE P/ I/ Eql TE,

90 = m 0, s 0, s 0,

A5 S mpa R (Pas) A% (kI-kg™") BI% IFE us
1 0.3 0.724 83.17 296 83.19 6.79 9758 3.76
2 0.5 1.012 7647 4.14 76.49 1434 9490 4.10
3 0.7 1332 69.03 545 69.05 21.18 9234 373

F6 HRER 120 L-min’ HARRGIFESMHELSER

Tab.6 Simulation results of different protection distances at a
air supply volume of 120 L-min™

FEE P/ I/ Eql I
20 = m 0, s 0, s 0,
A5 mpa R (Pas) A% (kI-kg™") BI% IFE us
1 0.3 0375 9128 149 9154 1.55 9945 335
2 0.5 0452 8949 192 89.10 3.04 98.92 425
3 0.7 0485 88.72 218 87.62 3.61 98.71  5.01
50 r
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Fig.4 Time history curve of blank group shock wave
overpressure (simulation)
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Fig.5 Time history curve of shock wave overpressure under

different air supply volumes at a protection distance of 0.7 m
(simulation)
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83.17%; Pt 5.45 Pass Ji/NE 2.96 Pass, AHXIZS
FIZHAEICRE 69.05%3 K2 83.19%; Hnfdilikae
H1 21.18 kI kg FEE 6.79 kI-kg™, AAXIZS (AL RE
TR 92.46%H K Z 97.58%.

UK K 120 Lemin™ B, BEERPEEE M 0.7
mB/NE 03 m, hilEE# R 0.485 MPa Jdi/)
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SFFas IR EEER E 87.62% 8 K 91.54%; Hon
drliferh 3.61 ki-kg IR 1.55 kI kg™, M4
HAYTEIRA T 98.71%H K 99.45%.
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Fig.6 Attenuation rate of peak overpressure, specific impulse,
and specific shock wave energy of shock wave under different
protection distances and air supply volumes (simulation)
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P(t) = P,e™ (21)

X (21) H: P, WIE[EHE S, MPa; e I,
B 2.718; ¢ AL, s; 0 RSBSOS E AL, A
P, FE0RE P,/e PTigital, s; AHaL eI m 7
IFERMLR IS, ATLIASE] 0 {8, M o 1,
MEabdrfe £ MRIESCRRR21 AT, fEliEs2y 3.5
W'~ 7.0 WRHERIN, KARHAE 10 IARERRZ 6
PN b 8 T BRI 25 Bl if o K R HRKE LG b
8 L AT (22) S TEE, HonlehTE AR B rTHRE
X (23) P

6.70
I = jo P(t)dt (22)
2
E =R [("Poa 23
p,CW %

X (22) ~ (23) . POy HEEESZG1 R by
dili 71, MPa; R NPEREIRAIIEES, m; p, 7K
HE L} 1000 kg'm™; C, A/KFFAIH, J9 1460 ms™;
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Fig.7 Explosion test tank
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Tab.7 Test instrument specifications
IR AR Hiks AL Hw
TRUERS 21 S1%}1A F HD4096 1
TH IR PCB-MODEL-482-SERIES 1
KN I &I MODEL-138A05 1
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09m

i FRIR

SRS
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Fig.8 Testlayout diagram

JEIE R R T IR—7K P2k (K 0.6m) |,
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TR A, $HT 2 IR 2 PR AT 5
SRIG, RIS 1 s 2 TR A R B R X,
AR R e g SR T, fsanib v i e
JItRENZR, FEREEIE ) P, . Hobi . Hoph
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Fig.9 Time history curve of blank group shock wave
overpressure (test)
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Tab.8 Test results of blank group

Evy P,o/MPa Io/(Pass)  Eo/(kJ-kg")  TZEWA]jus
1 4.174 17.10 235.52 3.88
2 4361 17.86 269.02 4.06
SR 4268 17.48 251.96 3.97

TERFFEEES N 0.7, 0.5, 0.3 m, fEXUEN 40, 80,
120 L-min™ IS0 T, AL bl e (i
JEJ3. bt Re AR 9 ~ 11 R, Bifrih
B0 0.7 m B, ARPERGE T bR nE 10
FIi7R o

%9 BHFEEEA 0.7 m FAEHANE FHXIER

Tab.9 Test results under different air supply volumes with
a protection distance of 0.7 m
BEXE P/ 0 Ly/ Eq/ T,
/(L'min™")  MPa RI% (Pa's) (kJ-kg™h i [ /ps
40 2775 3545 1247 28.66 100.07 60.28 3.94
40 2414 4344 10.85 37.93 89.67 64.41 4.50
80 1.337 68.67 6.01 65.62 2549 89.88 4.33
80 1479 6534 6.65 6196 3531 85.98 4.69
120 0.509 88.07 229 86.90 438 9826 5.03
120 0.488 8856 2.19 8747 3.92 98.44 4.82

Al% B/%

F10 FHPEEER 0.5 m FRREHKE THIRKER
Tab.10 Test results under different air supply volumes
with a protection distance of 0.5 m

BEXGEE P/ 0 I/ 0 Eq/ o, I
(miny MPa B pas)y AP ke B g

40 2015 5279  9.06 48.17 5474 7827 39]
40 1.805 5770 811  53.60 4842 80.78 429
80 1.033 7579 464 7420 1522 9396 410
80 0.940 77.98 422 7586 1231 9511 404
120 0423 8988 190 89.13  3.04 9879 495
120 0474 8889 213 8781 356 9858 463

Rz BFPESERN 0.3 m FHAREXE THIRIGER
Tab.11 Test results under different air supply volumes with a
protection distance of 0.3 m

X P/ I/ Eq/ TEUR,
/(1L-mLi?‘) Mfla ki (Pal-s) A% (kJ-klg“) BI% IS /ps

40 0.885 7926 442 7471 1411 9440 523

40 1345 6848 672 6156 3447 8631 547

80 0750 8243 337 8072 825 9672 421

80 0651 8475 293 8324 604 9760 4.10

120 0347 9187 1.56 91.08 2.11 99.16  5.03
120 0421 9013 1.89 89.19 3.06 98.78  4.96

3r 2.775MPa
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£ 1
s
S
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0 1 2 3
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Fig.10 Time history curve of shock wave overpressure under

different air supply volumes with a protection distance of 0.7 m
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FOE XU 40 Lemin™ TR A4 ol o 068 {2 8 1 5 0 1

45.74%; HEXE 120 L-min” FCAEXUE 80 L-min™ F )
il PR R 808 T 64.60 Y%, YIERERE R
0.5 m B, X 80 L-min™ HoffXUEE 40 L-min™
TN T 48.32%; ARG 120 L-min HoAlt
JUHE 80 Lomin™ T (il B V(IR 08 T 54.10%
MMEREEG ) 0.3 m B, fHEXUE 80 L-min H
R 40 L-min” AP T 37.13%, 120
L-min" At XU 80 Lemin™ N & wfi i 250 1
45.22% 2., WA SHMERER B EE sl NI XU
St N s /52 e ARG U2/ % 2 -y NP il B 2070
PPN, AU XTI R He R A S R B U
55 E b A b e B RE A Ak A S DA A
o AL, AR FAs A, SR
oA 120 Lomin™ HEFHHEE R 0.3 m i, b e
IS AU N AR T B & STy NS & Y i
4 91.00%. 90.13%. 98.97%.
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Fig.11 Attenuation rate of peak overpressure, specific
impulse, and specific shock wave energy of shock wave under
different protection distances and air supply volumes (test)
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