%37% %6 W wOE 5 W & Vol. 37, No. 6

2017 4 11 H EXPLOSION AND SHOCK WAVES Nov. , 2017

DOI: 10.11883/1001-1455(2017)06-1101-06

060 A B0 B B S M S S R B T R A M S A

K HOEKREEH. HEERE.H &
(e B TR B TR B2 T35 B0 210094

FEE : S5 DU SRS | oo D S B 0 S U T D R, 2 R VA B e AR T N A 1 T R AR L ek
56 3 T 9 U A= 480 10 YA 1 B B 5 A 1 BT AR L AR B TORG 0 1% S O A2 T 0 B XD Y 2 3k 3V R
T P A 2k RN TR A it O B A e ik oL B X G B S AN 48 45 B A S R 32 P 0 5 R X ) L IE B T AR S
WAL TSR L BT 45 SR 20 B L IR 19 B AR A 1) I 2R AR 2 5 ) S A 10 R O S R 00 4 A A R
S4B S U0 170 0 3% ke 3 5 8 D T AR AU 4 0 1) 30 A 42 10D

KB RAEEGT U LGS TP XA 5 G i A

fESES: 0358 E#RZERKE: 13025 MEERERRG: A

T i HE T R SO B B RE O WF SR AL S S R T AR TR E . R R T VR RE RS A AL
T DI S U A RS P 0T S O O 0 A R i T O R i LA R e Y R L S R S —
HEJ ),

LT X R 9 B e 58 1] 9 SR AR T S R R P R I TARAR D . ], White %% 5@ i 5
6 X S5 WAL 52 190 40 5 YA 1) 3 DAL 45 A R AT T 5 R B R S U R RS R A AR A Y TR . EL S, Lee
ST S e AR M XOB SRR E T R TR K P R W B . M. Held %X Szendrei 7 B2 #EFT
6 ke, ) g I 22 53 B 3 R0 0 T 2% SCBOR DN A S i AR D AR A AR Ly B R IR T AR S T R
A AR 5 S i A S MO 45 R Y g S BT 2 R T RS A AR 1] 3 SR SRR AR R B T L A e R T
BT BE AL 56 I B AEMIBE 1 % A8 0E B T HSRAR B T 3R 52 T I A R X TR A L OF T XOG g X
PR RERIEAT T O IE . SRARZR A IR T K iR AS A B A AR A i A R R AR R LA, A
IR AR S G i B U T 06 SR T 22 0 I ) YR A R e T X S A AR B TR OR . A A i
X R K PR AU AR AV 40 5 R TR Y B e TR AT TP

A SO BL K e ol A 1 1) A R B AR AR S S 5 33 A O T B SR 5 ) S I R AL 5 S i B
L5 R BSR4 BRSO S IR 52 T DAY R X ) 2 K 5, O B 5 SCHRES JAY BEIE 45 R AL 4
RBEATXS HE AT o [ s 255 P P 2 A A SR A ) IS TR D00 A5 8 RO R A e JE 2 ik R S R4S 1Y
&S0 W30 R N G R S S0 B2 1 1 7 i o =i B N L A 2 Vs e i
T 2R e VK S AL 11 3 A (R0 i

1 IEpiER

L1 RS SR TFH S

S UL AR AV A 5 YR A 1 SRR A5 R 1 e B T LA Sl 6 A BB A BB B L AR L B B ol A% 1
S5 B BE AR i 2R B B I 32 R T I B BOA B AR 1) S AR B B

S PR AR IR AR B SR S R I A2 BN TR B 2 D5 T — o2 A AE A B A LR AL A 2
S HIC S S S VAR ok S R A OB, T A e i A S O L N Ty B9 1 0 S DTG 52 W S AT B AR s TR SR A

« R HH: 2016-04-28 ; 1EEIHHEE: 2016-12-29
EEWAB: BXAAXREELTIH (11402122)
F—1EE . K %992 P WA BEMESE: HILAK  zuxudongd902@ yahoo. com. cn,



1102 5% 1 5 i B ERVE S

TR P ZEAT 2 B SR LAY FE T bk el R g ik b #1 ik B
i 25 Ay A B B2 K A S S CFE 2 S5 ) 3 ) g ) B A A R 4::::::::
P A3 |, BRIk b 2l o 5 AL P B YRR R e I
T Ve AR T T B I

ARSI 58 X A0 TR 1 R S A T B 1 TR
FH VR R L 70 A5 BE JEE 225 0 [ A AR 4L A
1.2 BkHEEE R

P 2~3 43 45 1 T R0 Ea B FL B B R I 2 A T
P B B o 6 235 A P 8 A ) IR 4

FER LG B L 9 B R 378 52 A T 48 9 B 240 Y A 1) |
WS, VR A Fh T by s 0 AR DA SR AL R S L A 2 B 16 A i B 5
M S T S VA SR L 42 o o SR SR i 7 AT 5 Fig. 1 Liquid-filled unit cell structure
TR/ Wk i O o e bR N EOR N A NN - A S g iR R
UL R 7 I e 0781 N N W B T B ey e N AR K i R T R N N A B R r A N
TR 1) ¥ 7K T 7 I BRL L5 L) D R AR A LA It 8. DA T L Ak W St B A 1 3R ke 3 7 Tt I S AR
OEEENT Y

Cell

Liquid-filled

Cell Shock wave CTH Gt

Liquid-
sprayed

Jet Liquid-sprayed Jet ‘ ‘ ‘ ‘ ‘ ’ ‘ ’
|

N N
| \géﬁf*ﬁu i 4 IR N

L
"”7W"/' (NS
TP
| 1]

& 2 WG AL B B A 1 I IR Pl 3 S 9L B2 VAR T HIE B B VRS 10 W A1V 4L
Fig. 2 Liquid’s spray in the crater stage Fig. 3 Liquid’s spray in the stage when
the jet is disturbed by liquid
X T S M S ARV L T IS 0 ST A A T 1 FHE B R D R L 22 T T Y R 2 T A
hiyn _Bgn (1)
o2 e
T po B po 43900 R 25 TR B 40 TR A0 B 3 T 0 5 o0 R vg 4300 R 25 1) 45 ) 1A 910 06 VB0 A SF- 340 3 82 s o0 L 0 3 5]
Sy 3 () 45 K R A7 £ AR 55 R
TE T 1 1) O 2 25 e vl 4

Pllel :pz'UzAz (2)
S8 UL T AR AU 5 RS ) YU 25 A B SRS AT A AL ARRI R O 1 LI AR 25 S IR, U AT
A, *n% AZ*W§ (3)

sy AL o 3 551 D BRI 235 ) Y P A2 A0 2R R AR AR 440 T AR AR AR T L AR
I HARBE o1 =0, =, BRAL (1) ~ (3) AT LUK At #5331 «
2(by — )
- ()]
d,

H T po<<pyod, /dy <1 IR AT DLAS 20 98 3% 1 3 0 fal 1k 1A 5K



% 6 4 KRR AE U VR A S A X SR I A TR 1 O3 1103

v, A /2P /p (5
2 VR A F14 W5 S 58 2, DU 5 S5 30 S 114 97 i AT DA SR A
q:UQA'_) (6)

1.3 HEME@EICE

P 4 25 T S ) 6 5 A ) P N 5 P R — ik 2 A R T I o OO A R D9 A B A R el
e b 4 B4 A2 4 D 1) T O A T O I T B T A el e A A A MO 5 R N B A A TE R R
B S S 0 o B A i 2 AL BE PR R Bk — 2P B AL FLa AR A 9 A ST I A 1) 3 SR
Fi LRI S T R RRETE . O T AT S A U S AR SO R AR I L s

CI 5 SR 7™ A ) o o 6 0 A Ak B DAy — A v Ok o P A9 45 2R 5

(2 o ok 998 A O B J5 S 6y — e 1] P i 2 A 00 00 g P 44 1 5

(3) o ot 904 A% 9 8 AR R S S5 Dy o o 904 TS v ) % 49 3 B2 AN 7 O L w904 19 DBl mT 22 AN

U
9.\»"/
| H S _ Z Z \e
Vs \\1
-
o/ H -
A Y Bl
[} e A T "p

o ; 0 e _%//’D

irtua 2 ! r
origin b 0‘0//

¢/ \‘//C J_

Broaching wall '

(& 4 S50 12 100 0 75 AR ) BR L 25 4 7R R
Fig. 4 Schematic of jet interaction with liquid-filled airtight structural unit
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Table 1 Theoretical results and experimental results
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Analysis of liquid-filled unit cell structure
subjected to shaped charge jet impact

Zhang Xian, Zu Xudong, Huang Zhengxiang, Xiao Qianggiang, Jia Xin
(School of Mechanical Engineering » Nanjing University of Science & Technology »
Nanjing 210094, Jiangsu, China)

Abstract: Based on the virtual origin theory, the shock wave reflection theory and the jet interference
theory, the theoretical model for the jet penetrating a liquid-filled unit cell structure was improved and
perfected in consideration of the liquid’s spray and radial convergence. The exact expression of the
disturbance velocity range of the jet, the expression of the liquid’s spray velocity and the expression of
the liquid’s flow were derived. The theoretical mode of this paper was confirmed by in the comparison
of the theoretical and the experimental results of the disturbance velocity range of the jet. The results
showed that the liquid’s spray and radial convergence exert influence on the shaped charge jet’s stabil-
ity, leading to the jet’s necking and fracture, thereby reducing the jet's residual velocity and residual
penetration ability.
Keywords: shaped charge jet; unit cell structure; velocity range of jet; shaped charge jet stabillity
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