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Numerical Simulation of the Diffraction Detonation Wave
Based on the Modified SPH Method

ZHOU Jian-hui, SUN Xin-li, GAO Wei-ran, HAN Ya-wei, NIE Hu
(The Second Artillery Engineering Institute, Xi'an 710025,China)

Abstract: To investigate the non-ideal propagation of detonation waves in the spherical shell of the charge
containing a metal spherical body, based on the modified SPH method, a simulation of detonation waves'
propagation is figured out, and a simple engineering approximate calculation method is given to compute the
propagation time ol waves in the meltallic spherical shell of charge. The resulis show that the characteristic
detonation time ohtained by simulation is consistent greatly with that obtained hy theory analysis, indicating the

modified SPH mecthod is feasible and rational for explosion numerical simulation.
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Fig.1 Schematic map of diffraction propagation pro-
ess of detonation waves in the spherical shell of explosive
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Fig. 2 [I’hysical model of the spherical shell of explosive
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Fig. 4 Oscillogram of the diffraction detonation wave
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Fig. 5 Compression process [igure of the metal medium

Bl A PR B T R AT R BRI TR
RERTL BT N HERNAR S EAYE. BS
T b A 52 M R A B AR BR T A 2 B X & R BR T
R RGN, Hr=9. Sus Of, BT I 4712
als 2 r=25. Ops WF BRI S H RS LAH" T
o) bRy BRI IR ERSR B RS s 2 1=50. Ops &2
1 SRR BN = 47 U S e
Ji 2 H AR R M W R AT R, WE 6.

0.05

o HE e
'S

0604 B -

¥im

- 05F

0.05 0 005 (U]

6 SEXRERENTREME
Fig. 6 The positions of the high-speed particles
in spherical shell
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Table 1 Velocity of the high-speed particles

and those nearby

HFFS WFEE/(m-s™)
8752 612. 86
8753 7278. 66
8754 634.75
8959 308. 52
8960 8777.08
8961 200. 48
9047 746. 45
9048 6943, 84
9049 851. 56

(1) E: T Ott-Schnetter $2 {13 B9 48 IE SPH 57 2
AR ERRW . X — B 8B H Ul R 1% % SPH
J5 EE AR AL B K B B I Il A B AT E 9B 0L
BEROYEAZMAEM o mHE5EIRE R
EFEYE . RIZITER A& fE = A8 4 R &
BB ZE ML A .

(2) ETEMREFREEMEBEREE]Y
BEBEMEHEIT I BEAERRENES LR, B
B IR Z UG T R AR AR R B RARES . T E
R TEARESETRELRM2SENER.

&E L

LIl SCEAL “HRE R LS ik mr7ELD ). 4.
B LR BT 5B . 2001,

27 K77, HEH, E%E, FAGgHRTZPRELZNE
BV HEETT AT w B8 2, 2000,14(1) 2 1-5.
FANG Qing, WEI Yu-zhang, ZHAQO Yu-hua, et al.
The long distance propagation of detonation waves in
the spherical shell charge[J]. Chinese Journal of TTigh
P’ressure IPhysics,2000,14(1):1-5.

[3] LiuGR, Liu MB. b rEksh¥E——HE
MR FEIM ] B, wH, R FE K8
K2 H AT, 2005.

TLiu G R, Liu M B. Smoothed Particle Hydro-
dynamics; A  Meshfree Particle Method | M .
Changsha: TTunan University Press, 2005.

[1]7 Luey L B. A numerical approach to the testing of the
fission hypothesis [J]. Astronomical Journal, 1977,
12:7013-1024.

[5] Swegle JW, Attaway S W. On the feasibility of using
smoothed particle hydrodynamics for underwater
explosion calculations[ ]]. Computational Mechanics,
1995,17:151-168.

[6] LiuMB, Liu G R,Lam K Y, et al. Meshlree particle
simulation of the dctonation process for  high
explosives in  shaped charge unlined cavily
configurations[ ] |. Shock Waves, 2003,12:509-520.

[7] Liu M B,Liu G R,Zong 7,et al. Computer simul-ation
of high explosive explosion using smoothed particle
hydrodynamics methodology L] |, Computers  and
Fluids, 2003,32;305-322.

(87 sRitk, EMEE, &84 ETEILSPH FERRE
EAIRBAELUMCT/H 17T ReEEHIEYAL

W, b IR R, 2008. (TFE#ET3T)



E32EF1H

ETF.B H.E F.RREHEEHERAEIT 73

4 HERIE

(1) BBl il i AR S R A &
BRTZHEME. #2580 F8. Ha)EH
AAHRE A ST AL SR i B R —
REy el R RAE RE R, B RS TR &
SRR R RITIN

(2) % Sk Y il it AR 0Ok 2 2 1 1 3 A B
6% B £ 30 A VR R 32 7R R 9 9 R R AR K
YL RE AR E R TR ER R . SRR
A A BRI,

(3) izl TERk A Bl T RES
BRI R AT SR B2 A ) R Y
BAET 280 M A B e 25 Tl 4™ B 4R 4L
BRI,

&N E:
1] & E.EEN.BOM,F. RKIEDHIE 5EBIM]

B T,

(E#% 69 70
QIANG Hong-fu, WANG Kun-peng, GAO Wei-ran.
Numerical simulation of shaped charge jet using
modilied SPH method [C7/ Proceeding ol the 17th
National Conlerence on  Structural Engineering.
Reijing: Tsinghua university, 2008.

(9] #hES, T+E, A% mHEEHEM]. Lx.

[ By Tl 4 R A L 2000 605-608.

(2]

3]

(1]

(5]

L6

L10]

[117]

(12]

JE: M EIE e Lk 84 F L2001

AR FERFPRE. REFGEEATERHHESF
i Bz OFFELT]. K RE 2535, 2000,23(2) 1 45-47.
YAN Fei, LI Yu-dong, MOU Jing-hai. Rescarch of
flexible manufacturing technology on the production
of propellont[]7]. Chinese Journal of Explosives and
Propellant , 2000, 23(2) ;15-17.

BEFENE MR A LIRERENE.E ST &
(7). EAERFZM (HRFIERD ,2001,41(6) :44-47.
XU Qiang, CITEN Bing-zhen, TTE  Xiao-rong.
Flexibility analysis in chemical processing systems
LJ]. Journal of Tsinghua University (Natural Science
Edition), 2001,41(6) : 41-17.

JLHR. R AL LA S — R A B A
BRG] AL L. 1995,15(7) 43-14.

T H ATURAETEIM] LR IFERFEHM
4,2006.

B AHATRAGRESOCSRABEI T & TR
LCL/ P EL AW L2 XL XHIEE. NiE: N
BT RT 2004

Monaghan ] ]J. Smoothed particle hydrodynamies| ] |.
Reports on Progress in Physics, 2005,68:1703-1759.
Ottt F, Schneiter E. A modilied SPH approach [or
[luids with large density dillerences [J]. Physics.
0303112:1-11.

+4 )k, Bk BABRKAESERIM] bR &8
Tk H At , 2005.



	18
	66
	67
	68
	69

	73

