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Fig. 1 Nonlinear focusing of shock waves by an ellipsoidal reflector
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Fig. 2 Incident angle versus reflection angle

in nonlinear regular reflection
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Fig. 4 Normal lines and fronts of shock waves in the focusing process
FEE 4 SR C R BT L B O SO S 2 U R v 2k B . O, IR U,
A e 5 A 1 2 T 0 N S 00 D T P 9 A G T 4 D
R e AT LR AR A 7 . B B P B 438 N A MTE I L % G D B B 4
BRI (5) L WL IS 08 17 19 5 50 G 2% 56 0 A AT 5 A LA 7 43 3 2

|z ya) s @y [= [ oy 8y | 300 <y <9 j=1.2,.N

| sy s Gy [= 1@ 0D Gy WSy he j=12 N
h =1+ ‘ (M V) (ae sy

‘ [ (—cs0) s (s y) |



1M BB MERELAR T YK T Rk e il A SR AR A Y 177

A 7R BE RS, (s o) W PCHT EAR B — SRR s (o n 300 N O, BYRAR, (2o y ) 0 E, 1Y
HebR s (s y )R Uy IIARRR (2o y ) R Cy BIAEDR A g N3 5 R 3 2 20 X L Y A 1] A B 5 X T oy,
I SE 75 BB A5 BN TOAT HRUA — 28500 7 04 S 8 1 8, IR AR I e AL 5 A — B IR TR A RS i 9 L X
LK BATT 7N I B B S Ik 2 AR I B T 2k BoR — B IR I BE A 445

1.3.1 KWRE
TR HE A TSSO U ) e 0 17 27 ) 1) 36 6 R T 5 4
T (6)
PzC2 o1
S AL p o R e A A R AR 0 A I FE 7 R A . AR K G Tait 7 R L B BE A 6
ENE Y NS
o1 ,+B .
o _ [—D+ G+ D§
1 n—D + W+ D§
g B>>p,muit<7>mﬁm7“ﬂ :
p—1
pl ) H’ﬂm )
i e
PR 8 A (6) L IF 5 JE s g oy S8 SOy A SE R ) R ) R R
A=A+ ) QA + ) o)

. A” —A[Rl/(R1+AR)]V *K@[U_Jl_ T E ;s A= PZ/PH,U] AZ/AH/lz:P]/(Bﬂ) s M3 =
1= pi=p (n+1/UBn) » ps =1—p, o FHRFE D HROOMEES, a5 N REL R E S 2.
1.3.2 4R E
K 25 D BT — A T ASE 57 R 38 AR, DR 488 178 48 (A gk 1 1) ) D) 28 O R AT AR
p Rz ,0)
H T/d G0, [R(x(“),O)} H deA

(\1)

HApXTF playsye) E’Jﬂﬁ/T BGEH—1 B ’ﬁ(?ﬁﬁj\ﬁﬂ%
Pz oy = FOIp(x” y?) & ] an
FERCARRE T SRR 10 Ak A T B HE G R . RS8BT A S R A R ) 40 A A

2 EERIWIE

BEF SCHRCLL IR 256 251 R R A A 0 6 2R ol A R AT A 0L RS0 TIE . A Bk S G B8 i K 2 o o
500 mm, 524l 6 K 250 mm, W L 4 300 mm . BB L A PR 45. 6 X10° kg/m?* « s KT
KA BTABAHT 1. 48 X 10° kg/m” « s, ML A IE S 5F R &L 0. 925 W HL 75 B I BR A 2 mom, Bt A
22.627 kV, IS 1 X110 ° F3 R 138A05 ey 1% Jkdts , 25 b 1] 1% J s 15 75 R B MK Oy 233,433,643,
723.800.866 1 953 mm,
2.1 MRENRSH

Fh R AR P R K U DR U T 1 S i R B e S A X VR L JR AT AR A TNT BRIE e 2 b B8,
FHN M, S50 TNT 2625 it m=0.012 1 g, %40 TNT 22516 V=7.43 mm®, 5540 TNT #2542 »
=1.2 mm,ﬁ%}jL Q=14 227 J/kg. % & p=1630 kg/m?,

11 5 B A AU L T B E MR R A RS K, e T, oy Al . 1 S8R0 0k i Bt ok

Eﬁmﬁﬁﬁﬁ%ﬂﬁﬂ%ﬁ“%é& K, fl w, UA 45 -0 5 s,

1o

(\)(l)




178 o JE 5 i % 38 &
2.5 50 -
“em m  Experiment ®m  Experiment
- = = = Linear fitting curve 45 = = Exponential fitting curve 'I
“
1.5 “‘ 10k 'I
0‘. "
e 2 35k
£ - 3
S 05k 5 & '{
B R 30 /
s 4
he 8
- N 25 | 7
-0.5F “ P
“ 20 - - <
7 -
-15 1 1 15 ” 1 1 1 1
-3 -2 -1 0 0.2 0.4 0.6 0.8 1.0 1.2
InR R/m

&5 ELak ik 55 0 B 6 FR A O B 42
Fig. 5 Double logarithmic curve of direct peak pressure
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Modeling on the reflection and focusing process
of the underwater explosion shock waves
by an ellipsoidal reflector

GUO Rui', LIU Lei*
(1. School of Mechanical Engineering , Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu., China;
2. Department of Mechanical Engineering , Eindhoven University of Technology ,
Eindhoven 5600MDB, The Netherlands)

Abstract: In the present study, based on the theories of shock wave propagation and nonlinear reflec-
tion and focusing, we modelled the reflection and focusing of the underwater explosion shock waves
by an ellipsoidal reflector, where the shock wave characteristics in three stages, those of the free
propagation, the reflection on the wall and the directional focusing, were discussed respectively, and
the corresponding methods on the pressure calculation were introduced. It was found that the dis-
cretized calculation domain of the pressure field is determined by employing the approximate geomet-
ric equations of the wave fronts and normal lines. Further, the focusing process was simulated and
verification was performed by comparison with experimental data, with explanations given. The re-
sults indicate that this model can predict the positive focusing pressure with a precision that satisfies
engineering requirements, keeping most errors below 10% and draw the focusing process of the shock
waves and induced tensile waves in some detail; that the ellipsoidal reflector can focus underwater
shock waves efficiently, generating an efficient gain region near the dynamic focus and weakening the
attenuation along the closely axial direction; and that the dynamic focus appear ideally in front of the
geometric focus, but it is also possible to move backward and even pass the geometric focus, due to
actual deformation and backward displacement of the reflector.

Keywords: underwater explosion; ellipsoidal reflector; pressure distribution; focusing; gain
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