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Table 1 Parameters of JWL equation of state of TNT!"?!

p/(g-em™) D/(km-s™") A/GPa B/GPa R, R, ) el(kJ-g™")
1.630 6.93 371.2 3.21 4.15 0.95 0.3 4.29

7KK FHl Mie-Griineisen JR 2 7 B2 4 i, Feak UM o
p=pu(l=1Ion/2)+ [opoEn, 2
W py A Hugoniot JE 715 p, M HIUR S FE; E, WAL i INfE; T, M Griineisen & %0 n o~ 24 ARF R 4
MWAE, n=1-po/po py BIFRIEA R

~ poCin
(1-Sny

3)

Pn

Us = Co +SMP (4)
R, R IE, BT, S B Gy e, S8, KBRS 7 B2 MO T 2,
£2 kERESESH™

Table 2 Parameters of equation of state of water!"

o/(g-em™) Cy/(km-s™) S T,
1.024 1.483 1.75 0.28

FEBUE R R, 028 SO AR, RS2
p+p.=(—1DpE, (5)
En=cy(60-6,) (6)
Krh:y HAIIEEL, p, WINFETT, ¢ A HERINES, O YHTREE, 6, X FE . SRS TS
Boangz 3U PR .

®3 ZRHRTHESHEM

Table 3 Parameters of equation of state of air''”!

pl(kg-m™) ¥ p/MPa c,/(J-g K™
1.17 1.4 0.10 1.012
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I AT SIS K AR A el P A R ML, L T UE AL, BRI T 15.0 mx6.5 mx15.0 m,
FALL 50 kg TNT 7E 50 m /K AL A T EEKE, TNT JIEAREEIEIIE 0.05 mo 4 B A RRCH sl ) 140 57 2% A 50
DR JC BN, TR R R AR R 1 sl 2 ik o A7 12— AR Y I, 2% T Ambrosini 5
I Luccioni FU (HFFE 45 2R, BARSHOILAE 409, b E N IRBLRE, v IAARLE, ¢ W INEESES, ¢
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Table 4 Parameters of different seafloor substrates!'>'*

Seafloor sediment o/(kg'm™) E/MPa v /(%) ¢/MPa
Model 1 1.4 50 03 24 0.1
ST VR VA M AR A TR — A5 B 0 e R R T, AR IR AN T A7 A N, I A SR an P 1 TR .

WAL AR, W B ERC P FE BN R, DU A5 5 7K 5 1) (4 I A Dl I A A B o R BB B R 0 43 50
Tro 12r 177, 220, 27r, W 853 A0 BE 5350024 0°, 10°, 20°, 30°, 40°, 50°, 60°, 70°, 80°, 90°4h A &M 5, H:if
50 AN S o Ry 7 A JE L4 A, P A PR O Y B S CHBR IR ) DA B e A1 B i 44 D A, R BE 70 120, 171,
227, 27r FHEUT 2~ 6 Fom, DI FA 1 0°~90° AL 0~9 R, 4. B H 5 R 7, W50 AR 3 0°f il
M4 2-0,

SR h=t i}

Fig. 1 Distribution of measurement points
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Fig. 2 Peak pressures measured at different points and grid numbers
1.3 BIELWIE
S B6UERE TR A AER P, BRI s 2-0., 3-0, 4-0. 5-0. 6-0 1 JCIEJRJEE SR A AS 1 W8 1K 1 5 Zamyshlyayev
ZR N AR AURIEAT XTI, WA 3 M 5 fras . nTLAE ), BOE B EE R S 2 50 A U0 5 4
PHEAE, BEWTIZ A R BE S T AT 1 IS /K K bl e T

ey

. % 2 ) & 7\ S
T — %5 WEENSZBRARE R
g * Zamyshlyayev empirical formula Table 5 Comparison of numerical simulation and
S empirical formula results
g 150 ) Peak pressure/MPa
[ < R/r Error/%
= s Simulation Empirical formula
£ 100 .
X % 7 205.03 193.72 5.84
12 96.32 86.90 10.84
50
17 60.65 58.62 3.45
ol . . . . . . 22 43.04 43.81 1.75
5 10 15 20 25 30 35 40 27 32.58 37.91 14.07

R/r
&3 N [a) R b ek R VB R D% L

Fig. 3 Comparison of peak pressure of shock waves
at different distances
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Table 6 Settings of simulation cases

Case H/m Seafloor sediment Explosive environment
1 50 Nothing Free field
2 50 Model 1 Near the seabed
3 50 Model 2 Near the seabed
4 100 Model 1 Near the seabed
5 150 Model 1 Near the seabed
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Fig. 4 Pressure distribution of free-field and near-seabed underwater explosion shock wave

p/MPa

90.0

50
—=— Free field

40 L H —— Near the seabed

30 -
<
=
= 20 +

i
10 J‘ ﬁ
0 L ()

0 1 2 3 4 5 6
t/ms

5 AMG IO THU T A 5-3 B9/K T e B D B R 2k
Fig. 5 Time history curves of shock wave pressure at measuring point 5-3
in free field and near seabed underwater explosion
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Fig. 6 Reflection coefficient at different measurement points
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Table 7 Comparison of peak pressures of free-field and near-seabed underwater explosion shock wave
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Rr al®) Puma/MPa Reﬂect.ion R al®) Prax/MPa Reﬂect.ion
Near seabed  Free field ~ coefficient Near seabed  Free field  coefficient
7 20 179.29 201.44 0.89 12 60 92.73 95.67 0.97
7 30 186.21 203.80 0.91 12 70 95.00 97.86 0.97
7 40 193.43 204.80 0.94 12 80 98.33 93.98 1.05
7 50 194.98 204.80 0.95 12 90 92.42 96.30 0.96
7 60 192.78 203.80 0.95 17 20 47.78 58.76 0.81
7 70 195.10 201.43 0.97 17 30 53.24 59.25 0.90
7 80 202.46 201.74 1.00 17 40 56.52 58.58 0.96
7 90 196.41 195.79 1.00 17 50 58.40 58.58 1.00
12 20 82.82 97.87 0.85 17 60 59.44 59.27 1.00
12 30 86.62 95.67 0.91 17 70 61.07 60.10 1.02
12 40 93.96 94.66 0.99 17 80 60.00 61.17 0.98
12 50 96.23 94.65 1.02 17 90 57.77 59.91 0.96
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2110 1095 130 1.258
11 L0595 | o5 1.224
2 1.05 1.023 2 1.189
b 1.00 0.987 “g 1.20 1.155
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Fig. 7 Comparison of reflection coefficient of test points under different substrate conditions
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Fig. 8 Comparison of reflection coefficient distribution under different substrate conditions
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Fig. 9 Relationship between reflection coefficient and explosion distance ratio in different water depths
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Load Characteristics of Underwater Explosion Shock Wave
near Seabed Charge Projectile

WU Yixuan', SHAO Yan?, XIE Yujie’, GAO Honglin’, ZHANG Zhifan®

(1. National Key Laboratory of Strong Pulse Radiation Environment Simulation and Effects,
Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China,
2. School of Ship Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China;
3. College of Marine Engineering, Dalian Maritime University, Dalian 116026, Liaoning, China)

Abstract: The near-seabed explosion shock wave can cause serious damage to such facilities as submarine
optical cables and pipelines. The spatiotemporal evolution of the underwater explosion shock wave can be
affected by the impedance of different types of substrate. Therefore, it is of great significance to study the
near-seabed explosion shock wave load under different substrate conditions. Based on the coupled Eulerian-
Lagrangian (CEL) method, a numerical model of near seabed explosion is established to investigate the
effect of seabed material on the shock wave load of near seabed explosions. The results show that the seabed
material significantly affects the peak pressure of the shock wave within a certain range of measuring point
angles of 20°-50°. The reflection effect of the near seabed increases with the increase of the explosion
distance ratio within a certain range of measurement point angles of 20°-50°. When the measurement point
angle exceeds this range, this phenomenon gradually disappears. The effect regions of these two types of
seabed sediment are similar while their reflection coefficients are significantly different. When the seafloor
sediment is soft, the reflection coefficient near seafloor ranges from 0.81 to 1.05. However, when the
seafloor sediment is hard, the reflection coefficient near seafloor ranges from 0.98 to 1.33. The water depth
has little effect on the peak pressure of the shock wave.

Keywords: underwater explosion; near seabed; shock wave; coupled Eulerian-Lagrangian (CEL) method;
substrate conditions; water depth
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