A R s i PAY S AR A U R

539

NEHS: 1006-9941(2013)04-0539-08
AIRZE AP RIET TR
HEf, A H, RER, BEZ

(BEERNFH R, B HL 710065)

OB M T A RS (] DN AR A R RE SRR RO 5 A B 5 5, D et B AR | A T T G A Bl A L R L LA 2
A RTEAG 6 J5 2RI T AT FR S 18] AR KA BB E , A IO ST R AE A Hg 0 ) 8 DO R S0 60 20 T iR 22 BB TR A AR T N
F BRI A BT 5, 5 8 TOU 248 Ak ' Iy R 3 R0 o i 25 T T A PR I BT AT A M R S SR A 280K A M T 3P Al i o

KERI : RHE ) A RS I AR 5 bt i R R 5 ME RS R )

HREZES: T)55; 0389 MERARIRED: A

DOI: 10.3969/j.issn.1006-9941.2013.04.026

1 5]

I

B 73 A R R ) A i, LA B N AN R B 4
Fbs CUnds 8 b 5 S 9 HLE L BE 55 ) 25 4 i
o M i 7 LK 28 F AR 2y B s 2 A R
VA 149 2 (1) 235 4 2R, B T A 7 6 P 0 2 98 A 5 1) 19 Y
R GERR A BR =S (8] A A o O T i R 26 H
B, 1R B ATl 3t e 45 21 1R A S T L T Al
SHLRI IR I A5 LU AR A 1 P R 8 3 R A R T L 2Y

SFR 2 AT PR A () P R A A A AL, 5 T ik s )
HH EE 28 5 B, 249 SR B 35 00 A8 0 A P8R 9 372 W) L
o A PR s [ PR A P R I 2 2SR B el ¢
ROV A 5 5 RSO A R S W K A S B A K
A P[] BE A A5 B 1 3 A il Bl AN BB O A A0, A
RS0 A A 25 T ) B O A BB T 5, DR 2 2 Y
HERAE P i 1 RE R T 3 S AR SR R R iR
{FL T K 24258 25 BR = 1) A 3 8 10 9 7 A 5 H
SER IR RO R AE 2 B AR A RO B %
B A PR 25 8] P9 AR X i 2 6 1 2l 25 I3 | SR AE K B
3 3 B VAR AR TR T P 5% A IR A () PR g
PERTBIAIT 5, 10T AR SR AR A 4 v 7 o o 93500, K3
o7 17 28 T ) A B0 T S B A A5 B R AL, Y

YRS EH: 2012-07-14; {£E HHA: 2012-11-01

E£TH: BELLEAREMI(HHES:61314303) BB RHE Tl
B R R IR 2R B T

EEBIN: WEME(1982 —) B, TR, FENFBEERS R0 H
AR5, e-mail; hhw505@ 163. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

FRAE LR AN | il = A S000F i oA 48 g g 2 O
PIRCR BB 22Tk Sbn o, 7 A 27 3 Pk R
REHE 24 1 e 1 32 S BB (9 BT K e AR i o

AR SCAE 53 B A BIR 25 18] P H8 e 114 B 2 88 T e e A1 85
1507 2R Al E BEE T dw Il [ A A AE A R 2 ] Y
KE vh ol R ERRONE | HE TR S IR ) A A B AR R AR
(EAEAU E 25 255 Bl A 7 18T A BF 5 3 R, Dl TR A
T N K KE AR FTRE P FRLAE , 48 78 58 25 [ 2 18] A 4B 1
F1% BB AL AL, B o ot oA 2 9 245 1 A0F 2 B A A RE il
fliAnpr i TR B —E S H M4

2 ARZEANBREEERMFRMBHAR

2.1 ERZEANBFEERLER

SRZN 0 A O N PR BR T AL GE ) AN A% S RE
R 20 A LA R R S () A s AR
) MBE R, 3 5 H bR & A2 M A 1, 07 A 9 AR
I

ST TR BRI EL , 5 24 1 5 DA /2 5 A s 1] P % e
HA VUL : (1) Z900E5 1 5 08 K 7= s & 11 0 7
FEZRUL, S ek I AR T W B TR R T T fiE S
HERBERE R R ) A R A R, B AR
L AR R R BCE FE 4y, WL 15 (2) BRI S AR
e 2B G BE A RS s (3) N A
A G 5 (4) 1535 ) IR AE 29 IR B 9 JE
JRCHERR AR T, 28 A AR D ROR B  AD =5 [) A AR
9 B GE R AL P 2 B R

bt M AT 2013 % #21 4% %44 (539 -546)



540

WA, R, B, His

shock reflected shock
enhances mixing \

metal particles
explosive confined
dispersal mixing
_— _—
fuel-rich
detonation

1 A 25 18] P9 MR K 1 RE 1 R CHL 2

Fig.1 Energy release mechanism from an enclosed explosion

local blast
pressures

2 DAL () P R K Y RE a4 4 4

Fig.2 Diagram of energy cascade in confined space
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Table 1 Empirical formulation of calculating the shock wave parameter in tunnels or cave
formula application range application conditions reference

a) -3.5m/kg'’ <R/Q"? <0.3 m/kg'"”?

_ R/Q1/3 _ /3

Ap=C(L/D)~*(Q" /D) C =2200e B _Q‘95 +0.16R/Q blast at a) the external, entrance and b) (78]

b) R/Q'"*=0.3 m/kg'"? internal of tunnel

C =3000,B =1.00

Ap=0.155(Q/SL)'? +0.92( Q/SL)*? +4.4 Q/SL 1<(SL/2wQ) <10 -15 internal blast in long straight tunnel [9]
Ap=1.76 Q/D*L +0.426(Q/D* L)' 0.656<(Q/D*L)<10.5 blast at the entrance of tunnel [10]
Ap=0.169(Q/SL)'? +0.027(Q/SL)*” +2.03 Q/SL 1.2<R/Q'* <2.8 m/kg'"? blast inside tunnel [11]

Ap=(0.4+H/(H +1*)"*)(Q/SL)*¥ (Q' /H)' !

0.35<SL/Q<80,
0.26 <H/Q'"? <0.65

shock wave overpressure of near field ~ [10]

Apy =Ap, (0.94)" -

the tunnel which have n right-angle turn [12]

Ap, =Apy (A, /A"

long time shock-wave

shock wave transmit from small space 2]

to big space
1=3143(Q'? /S'*) ((Q/RS)'? —2(Q/RS)*” +1.52Q/RS) 1.2<R/Q'”?<2.8 m/kg'” blast at the entrance of tunnel [11]
t,=A(L/D)*(D*/Q'"?) constant-area tunnel blast at the entrance of tunnel [13]

Note: Q is TNT equivalent, kg; S is the cross-sectional area of tunnel or cavern, m?; L is the distance from the center of charges to sensors, m;

D is the diameter of tunnel or cavern, m; R is the distance from charges to the entrance of tunnel, m; B, Cis a constant.
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Fig.4 Time history of total energy release and energy release

rates for a typical fuel-rich explosive
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Table 2 Empirical formulation of calculating the quasi-static pressure

researcher formula applicable conditions
Carlson!?*] p=1.30m/V most of HEs

Moir 125 p=(1.3420.19)m/V most of HEs
Anthony!2¢] p=0.97m/V only LX-13
TM5-1300:27 p=2.26(m/V)%7? m/V <1

Ki-Bong Leel28] Pqs =0.146 +0.193AH_  most of HEs
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Fig.5 Numerical simulation on explosion flow field in confined space (left, material location; right, temperature)
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Progress in Explosion in Confined Space

HU Hong-wei, SONG Pu, ZHAO Sheng-xiang, FENG Hai-yun
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The energy release characteristics and damage mode of explosion in confined space were analyzed. The research on the
internal explosion effect was reviewed from the 6 aspects of the shock wave characteristics, thermal effect, quasi-static pressure,
dynamic response of structural, numerical simulation and explosive synthetic power evaluation. The roof lift facility should be
established and strengthen the study on multiple kill element coupling effect on damage of target. The roof lift displacement and
quasi-static pressure bring into system of internal weapons power evaluation.

Key words: explosion mechanics; explosion in limited space; roof lift; quasi-static pressure
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