MW HZE A D] 58 32 & 5 3 Applied Mathematics and Mechanics
2011 43 15 HiB AR Vol. 32 ,No. 3 ,Mar. 15,2011

XEHS :1000-0887(2011)03-0357-08 © RIS A1 95 % 45 ISSN 1000-0887

ZHRES a8 K AR
=EREITEMR

®) &, BRE, M A

(1 Jet B TR B ERL A SHARE R =, bt 100081 ;
2. Jb AR TR A B BB, ALt 100044)

E . IS il VB S BIRR RARTE 22 Fh ) 558 S T Ak B e 2% Tl it 1] DB ) Ak B, of
2[R R Euler J5 75 BAT W38 A 0E . XHT Euler 7k MIFATIHEL, i AR08 4 335 2 i 5
L o A% 14 ) B AN R A AR AR R T 5 23 DX 5 VR TR AT SR 75 oyt BB AN B 8, HHE R
AN iR — R, SR S AS AT SR, RIS Bt I st A R i 9 78, 2R [ P i )
MPI AR BT A B S AT F AT RE . AR PP IR S ROk & | sh TR AT R P 45 R 5 LA R AT
FEFPEE R —E, B3 SCbrii il do e — 2,

X 8/ W BES; ShBIMT; MPL AR

FE4ES: 0383.1;0246 XHEARERS: A
DOI: 10.3879/j. issn. 1000-0887.2011.03.011
5] =

A ek [ R v v T e R S A I A T R RS 2l g A4 I R H U S B AR Y
KA 22 P ot 5 S 16 AL 35 K% 25 ol ) DB ) Ak 38R, o 5 vk T A0 ) 550 S 400 Ll 5 1)
PR320 25 S B0 ) 2 0] K 254 B0 ) 2 I B A A 22 A 5 e T R 10 250 A 40
¥t HOR FH B A b ] 40 A FiAs BT H 515 (Lagrange 725 ) FIRK$ /77 (Euler 1) . Euler 32: A% [ 5
ANAEAE BRI I R T AR I 7 A AR L PR G TR K 5 o e X R I 2 i i R AT i
5]/, SR FH Euler 1 B W25 1 UL 38 X =4k (] UHEA TR E AT, — > 58 1 Tl U TR R
MIAEEL 2k T 7 LA L i 0 T SRS e AR 32 A L DAL e = 4 [n) Ry IR 1A

PRE S it o) UL A 1 QN s TR e R BE ST IRUE S AR D) 55— L5152 J [B] 8. 4% T Eul-
er EEERBHUT I | QSRR 5  FE P 3l B0k Z 11, 25 A B #E AR 45 DX Il
(BB AN 23 e A A SR FH T B DX 00 i i O R AT Ik 25 5 0 IR AR AN 34 4 1) A 1 L. R

« UWFSEHEA: 2010-12-24; ¥&iTHEA: 2011-01-14
BEETH. EZRESEMBIGTL RPN H (2010CB832706) ; MEFER 5 A H K & 5 L5 =
(Jem T RE) B RIS B H (ZDKT10-03b)
EE®AN: ) HE(1983—) B e A, A2k (Tel: +86-10-68912762 ; E-mail ; glf630@ yahoo. cn) ;
HRFE(1981—) , 5, BIRIL N, B2 (B FR . Tel: +86-10-68918315 ; E-mail: madabal
@ bit. edu. cn).
357



358 w7 & 0 X =% il Hi

THEETHRRCR AR S R A M, SR B ATE PR b FE A MPI( message passing inter-

S BR E AE— A BERIA TR W AR AR 10 Frg N DI, B 0 s ) AL R T3 X () e 2% i 3]
GRI T AR DXl 2 A 1 A A% A AR 0 3R R L DK B A5 ) £ A 4 1

1 B K B E T
1.1 EXRFEA
A EAHN ANERPAL T 6 B AU AR SFETE U Euler AR IEYE Bl ) 2# W5y

JRRAmTER .
Jr i SFETTRE

%+u-Vp+pV-u:0; (1)

i FE
u

— +u-Vu :LV-O';
ot p

RERESTE T e

9w Ve=L V(o). (3)
ot P

1.2 HERE

B 25 (AT BUR — KT IR 4 SIAE B A AR PR 2R R 0 3 AR FRAERE | 423 [R5
BB S TR RIS, Sy 1A BRI R R e i g — e TR B T A
B In—HERE RORS | B VE 22 53 5 B A 2R SR 4 R MO AR A G B, BRI T 4R
Hh R AL AT SRS PR T RE T SRR AR el T DA A SR A I TR Y B O T
JE 2 CFL ( courant-friedrichs-lewy ) £ 5 P 25 4. XF T XU B4 BR 4R i &, BV 45 5 B9 00 4
SRR OEH  E R AR AT BB & R ) W s . DR AE X I A S Bl T R T AR a2
5 A 3L ] DB e %) [0 A A SO FH N TTORS P47t 2 8 e 1 ] B fp Al 2 1.
1.3 BFH#&%E

AR SR o3 2R SR IR BN AT 53 24 R Aa il Ty R i 3 Ay 5 7 LA i A
YRS B F 2 SPERR (1) ~ (3) IR I JE 1, v] UG — B R in R gt

% v uvg=m, (4)

A, ¢ 1oFp (HIE) e AEh) (B ) S0P RIE 220050 2 300, B - Vi BERXRIT b 11

SRR TEZS [ b S T H O R, MPRRRON B b T4 SRS R Ak (4) B ) A

SURCAN T /7 7 AR U5 AR B A 5
b _

(2)

at =H, (5)
%?+wV¢=Q (6)

FES(5) 1, AN B SEXRS SR B RZ M | 2% BRI ) A T, 45 280 A% 45 o LR Y o [ 0 — 20 B
N Lagrange 5 30(6) 25 FEXFSUAR A2 0 38 1 3153 RS 18] ) iz i, 0 B | s i % BB R 7



= YRR ol B R R P TR 359

W% bR L, X — PR Z A Euler 2Pz 25,
1.4 Euler #iz

Euler iz 5 245 BT i | 3 BB ~FE A R, 7F Lagrange 5EAl FiE4T Bt | ghim
AE S (1 JEBT 40 Bc. A AE AU BR R ARy i th T AR Tk R LUER Iz WOk AR
TN 4 RIS ATk T R L VOF 7 3 i pR BCH 38 43 ST A9 7 k. 3K S8 Ty vk A
SRAEFRI FAR AT DA =4Ey Jie | (B2 B E AR R IR AN ) 5 M HAC 3 2 ) B4y B i o T4
Z., RSO L A B 1 Y 32 AR E — IR A AR R AN DX 4 S5 T 5 MR AR ik
THEARFRLL AR TR LR S BORIA T 52 55 AR 40 i s Jo £ A i A RRT T 380 Joi 1 285 B2 5 %o I A%
HEAT 28 AN TRV A 2 TR0 A 0 B 3T 5 XA BT A T B HE Y | DR iz 0 Je AU RS i i
PRI BIAE o THE IS G B s R s, H R 2 BA A Busr 2 e fivis
UT Kt iz it

VAN SA NFA B, Hdi5 h1,2,3, - N, FFEA U8R ILE ¢ + ),
+ o+ Cy = 2" FMEDL, 43 RIS .

5028, ZEMA%.000);

B, LR BRI 1(1),1(2),,1(N);

585225, 2 M BRI 2(1,2) ,2(1,3),---,2(1,N),

2(2,3),2(2,4),--+-,2(2,N),

2(N-1,N);
55328, 3 MBS : 3(1,2,3),3(1,2,4),-+-,3(1,2,N),
3(2,3,4),3(2,3,5),-++,3(2,3,N),

3(N-2,N-1,N);

SN, NFA ARG, N(1,2,3,-,N) .

RS ST N R T BT A A 1195325,

TEHf 2§28 T 58 Z A0, ARSI 25 5 VEH D 6 B A2 e e AT HEF | R H B B4 Ji
W2 . =2 sh A B TRk ah A B (il 3 sh A 46 A AR B 15 43 4 e 1) Rl it it s 1) 32 B
M AEENES R KEZ R B REAT M AR ) B R/ N RS TR R R T
[ % T EAAAR 0 2 AR A1 ELAA AR % 5K R Ge A HE 3 B0 I SE AL T T J— R 25
GV HAE K7 F LS. X T N AP A B A BRI S AT DU o Rz AR i i
Fe RS — etk B 3 A B BbR o ml, m2 A m3 , H S U 26 AR  ml >m2>m3 |, 7S
A x 7 10 RSO iz 28 AT an g 1.

(0,40, 6,0,

B = 0., 0,.=0, (7)

1, 0,.=1,
A, 6, ,0,, 4R PR R STk AR o DR A BT o AR L.



360 R I S il A
1
F1 x rERZR
Table 1  Fuzzy transport table along x direction
Contribution mesh Acceptation mesh Transport priority Transport factor a
ml arbitrary ml 1
have m2 m2>ml
mix ml with m2 no ml m2>ml B
others ml>m2
no ml or m2 m3>ml >m2
mix ml with m2
no ml m2>ml>m3 B
and m3
others ml>m2>m3
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F3 TNT JEZIRIEERESEL

Table 3 The performance parameter of TNT explosive detonation

p/(g/em®) P/GPa D/(m/s) e/ (kJ/g)
1.60 18.5 6 700 7.0
R4 TNT JE25 ] IR 8 L Jr SRS TS5

Table 4 The parameter of TNT explosive’s state equation

ko k, b
3.0 3.16 1.0
3.1 MEBMERAH
L2472 S PR O RTDLRE § B KBRS B0 56 5 TNT RS 26 (SR A
TR ) e TR 2 S T R 2 - o S TR R M3 A
20.06@+1.94(%)2—0.04[%j3, 0.05=7r=0.5,

AP _ r r
m 3 5 N 5 3
(1me+3016%) +431@E), 0.5<7<70.9,
r

r r

PUEA R AP, Ry Sl P (A (0. 1 MPa) |, w WA RS2 & (k) ,r AEIELE O
MIREES (m) 7 =/ Y g5t BB,

6_
\ 3.0r
\ —— dynamic — dynamic
5t \ —- - static 2.5¢ - - - static
\ - - - empirical
4 \ 2.0t
£ : £
=50 W S 15
< ! <
o \ 1.0}
< 9l a <
0.5¢
Ir 0
0 . . . : -0.5 : . : : . . . :
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80
r/m t/ms
5 rhaliil g iR R AR T h 2k B 6 BEARC 35 m AbHE R A A2 Ak 2k
Fig.5 The overpressure versus distance Fig.6 The overpressure at 35m
from the centre of explosion versus time

Pl 5 Sy i e A BB IR 25 8 At 2, T ZR mT ARt WG RN 47 0 125 B A B ) 235 SR B A
— B AR 25 S0 e RS IS | H ) 80 {7 s s S 15 22 B g LR ). DAL vt ] LA S 43 K
Gy it I (BB TR A 5 2 30 A B THR S RAE i g bR &Y, TER B U 22
AR,

Il 6 SEE G 35 m AL R REE I ] 1 A2 At 2, —F W G A5 A0 4. B AT LUE H
TE ¢ =38 ms IFIARC 35 m A A9 DXl RGO R 7RAR R A ) A 38 B 40T, I bl e ik,
— WA T LU B 4R X A X SR A R 5 S PR 2 — 2.
3.2 fmiELL RHITHE

AT RGN L (speedup ) 48 XS T— 4@ N TFATFE P P T3 BE AR X T R A7
PP PRI TEE B INR T 2048 X AR A “ 4a XN (absolute speedup ) 5 XF 45 72 [ 8, ] —



= YRR ol B R R P TR 363

FEFAER CPU WIS 7S RIBR LAZE 24 CPU SZ AT R[] SXRERR A < FHRT R (relative speed-
up) o AR SCR A0 (M v, sk s A AL BEAILAN B, Bk R FEAT 880K, Nk e S OF 47130 AR
AT S AU 347 705, 45075 506 9 Intel 19 E5620 CPU, 4 CPU 435 4 M, 17345 45
24G A, HATT AL 126G A

20 r .
40r
15¢ |
~ 30¢
S |

S 10} =
8201
s |
5 10f
/ L
0 : - : : : . - . () bomm
0 16 32 48 64 16 32 48 64
N N
B 7 AR PERECT ffink B8 il fE I TR 7 B TR 7T 40 L
Fig.7 The speedup versus the number Fig.8 The percentage of communication
of processors time to the total time

B 7 AR SRR N A bk, IR eT DU Y B SRR AR 38 22 | 03 AR I (R 386 5 )
FH/NAT 55 64 SERRR N LR 20 2247, HOOFATR0R N 31% . FFATRCRA = 1 — 4> B 22 J R
WAFFRPT A LB K, IR 8 R, B AR IO 2 | 38 5 B (R 26 ST SRR (R] A9 4 L i
W b TE 64 BEFRRT R L E N 44% X2 T MMIC3D A — A>T B A 15 AN R R
R RE R M gl B AR R, T AR (R AR AL S — A TR A PR R A
LIRS B =y CE AP K AR FU N

FEXF TSR FH [ 43 X S I AT R, sh A AT R T AR B N — L0 1 ) 4 , (R TR
o] LB S TR ATRE R /NS 22 BAERE R A 2 000 AN )2 | Sha8 AT 5 Mt 8] R 5 236 s, &k
BIATREFITARE N 16 817 s .

4 4 ig

1) XTI A WA 4 o 5 1 A A R RO AL I Ab R 5 1k, AR TR S AR A M A%
R o AT AR AR , SR R I AT AL 38 A B R AR K, Bl N AR 2B K BT DA AU X — (7]
L 7S R FE G AT LUE Y BUE AL 25 R 5 S0 25 LAY 4.

2) X F Euler 77k BOEEAAEL RIS IAT I8 A sh A& 72, sh 5091
FE A I DA IR B 7 3 7, AH T 2R 82 43 X 5 ¥k R A IR AT R T, TR R R R 46
5. NS IR EBUE B BIRE | sh ST a8 R S SIS R A —2, PR s 53617
YRy Ll E AR
S EZHK

(1] AR RN, B, IBIE =i Bk (M), dbad, Jb U3 Tk 2= At , 1995, (YUN

Shou-rong, TU Hou-jie, LIANG De-shou. Computational Method of Explosion Mechanics[ M ].

Beijing: Beijing Institute of Technology Press, 1995. (in Chinese) )
[2]  Jack Dongorra. JFATIHEELRIB T M]. WSS, BRZE, B/ Ak 3. b at. B Tolk Hh it 2005.



364

O X % il i

(3]

(4]

(Jack Dongorra. Sourcebook of Parallel Computing] M ]. Beijing: Publishing House of Elec-
tronics Industry, 2005. (in Chinese) )

THE, T, BRE. BESehidiahJyaE [ M. Jbnt. g5 Tl H ik, 2010. (NING Jian-guo,
WANG Cheng,MA Tian-bao. Explosion and Shock Dynamics| M]. Beijing: National Defense
Industry Press, 2010. (in Chinese) )

MA Tian-bao, WANG Cheng, NING Jian-guo. Multi-material Eulerian formulations and hydro-
code for the simulation of explosions[J]. CMES-Comp Model Eng, 2008, 33(2) . 155-178.
NING Jian-guo, CHEN Long-wei. Fuzzy interface treatment in Eulerian method[ J]. Sci Chi-
na Ser E, 2004, 47(5) : 550-568.

Oleksandr Nesterov. A simple parallelization technique with MPI for ocean circulation models
[J]. J Parallel Distrib Comput, 2010, 70(1) . 35-44.

R Tl F e AR, BIERIAE () [M] . dEst: W7 Tl ik, 1979. (The Eighth De-
partment of Beijing Institute of Technology. Explosions and Its Action[ M]. Beijing.: National

Defense Industry Press, 1979. (in Chinese) )

Large Scall High Performance Computation on 3D
Explosion and Shock Problems

FEI Guang-lei', MA Tian-bao', HAO Li’
(1. State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology, Beijing 100081, P. R. China;
2. Science School, Beijing University of Civil

Engineering and Architecture, Beijing 100044, P. R. China)

Abstract: Explosion and shock often involve large deformation, interface treatment between
multi-material and strong discontinuity. The Eulerian method has advantages for solving these
problems. In parallel computation of the Eulerian method, the physical quantities of the com-
putaional cells do not change before the disturbance reaches to these cells. Computational effi-
ciency is low when using fixed partition because of load imbalance. To solve this problem, a
dynamic parallel method in which the computation domain expands with disturbance was used.
The dynamic parallel program was designed based on the generally used MPI model. The nu-
merical test of dynamic parallel program agrees well with that of the original parallel program,

also agrees with actual situation.

Key words: explosion and shock; dynamic parallel; MPI; air explosion



