% 16% 5 3 wm YE 5 M & Vol 16 No 3
19964F 7/ EXPLOSION AND SHOCK WAVES Jul. 1996

e AT R
nfgBHH T A
KEE & B PEE AT

(a EPTRHE RN HAMER KD 410073)
(b BRI ERRA T M 210000)

FE a5 7 M B0 X i R 24 R SR S B X IR S HEAT R B H AT I T A E R
AR L 2GR B ) BARES T3 AR, SR B & MR ¥, AT AT DAE AN FIE RO 2 R B LR
FEBEER X HFHRER p AF w5 AR X0 R AR R RN X AR K& T 1 s o 3
p (1) B w(r) ) i 4 {H BUERE 10L& 7T LAAS BB S8 RO IX I e BE i 3. FRATTH B 7 vE LA T
PBX 9404 ¥E 2, 3115 2 H I3 35 I S IX A 1 ) R 3.

XA BRI RMNIX RSB H T

FEZESEES TQS564 0241 8

1 5| 5

ZAER, MR E L IR R N X G — H A EE AR M EE RS . — NMITEE
T2 SR ECVHR R CIEEIE T B RN X 58 . V on-N eum ann 92U & 77 1 4%
2 SN X B 2 oA, RIS A 1k, R B 24 45 36 U RO IX 3 3 B e AT A7 AE T
Z L R @ R NI AL B H 8T (RFLA )Y, HBEgh tHE 25 iRt f2 vp, SN JE
25D UA TS B H B2 0 B R B3, TS AS 21 e 5 5 25 08 I B [X L 3 1R 248 1,

FEAR S, FeA 14 7 — Mg B R0 5 1 BE KR 24 7 R 3R I R B X S HEAT 0 A B 7
% FEXT PBX 9404 KE 24 BB 5 3 I N XS HEAT 1 0 e AR, &7 iE LAl Y.
Partom 7E3CHR [2 45 H.

2 BB RNXRIAAIRE H S50

21 REFE
AR T E M 3 S L DX P s S D RT = 0 ) s 70148, 24 =) W LIRZS T RE N

p= A(1- " Yexp(= RiVO)+ B.(1- 2 )exp(- RoV+ ZL ()

RIVs R2V5 VOT/S
p= Ay (1- = )exp(= rnV)+ Bo(l- “=V)exp(= raV,)+ w ek s (2)
riV, raV, VoV,

19944 10H 11HW R EHE, 19954 7H 15H U EME S fq.



272 e JE 5 i N 164

K V=V Vo RAEXTEEEE E AEHBE; w N G runeison REL  Fhr sF g 73 5l 38R OB
[ AR = SRS & TR EG P BT HG 25  A2 TR AT U
E= M, + (1= MNE, (3)
V= AV,+ (1- M)V, (4)
Hrp N RNHTERE, 62 1
WR, AE BRSSO NLIX H R JE 245 73 it S AL AR AR AR SN2, WA D9 K 24 B RURE P 5
SN AN P ) SAR B AT, TP AR R Rz, R

T= T.= T, (5)
R — A MR BT TR

E.+ pV.= - T_q_x (6)

Ec+ pVe= S+ 71[(3+ E.- Eet+ p(Vo= Vo) ] (7)

o A SRR R B AV B SR R R Q 9 RS

AR, TR RSB S N X A YRR 245 0 i S AL 1) 2 2R TR R S Nz, B e 2 A2 ER RS 1 %
s B R MR 2R B R AME 3k, LR RS Bl A e 2 THDRE v T 0 5 A T [ 1 e 2 4 73
T, FE PR Ay Z (B SRAS JOHEAT S e IX I EAT T IR B 2 A A S 1, TR A8 T v &
SRR RRE R AT, & A K E T TN

E.+ pVi= 0 (8)
Ect pVe= 5[0+ Ecm Ect p (Vo= Vo) (9)

R Eid R & Re &4 7, T LS 200 N 7 12
V= Dvgp+ Evk (10)
Ve Dvp+ Eva (11)
V= Dvp+ EvA (12)

Savi R

Dy= Myv,+ (1= A)Dy, ; (13)
Ev= AEv,+ (1- A)Ey, (14)

RH Dve Ev Dvs Evor S m s SRS TR K
SRR ER SN, FE RGP T R 3 T, Bid KA RIE N
L IE, IE. IE,

Dl/g: K[BEg ap - (BEs— avs) ap (15)
1 IE .
Evy= K [CEg(BEs - 9[/,) - CEsBEg] (16)
1. 9B, IE, IE,
1 JE,
EVs: A [CEs(AEg av ) - CEg Es] (18)
g



% 3 SRR T 55 1R BE M 24 1 S S L X 3 B A B H 0 A O ik 273

IE JE,
A = AEsBEg_ (BES_ E)VS)(AEg_ avg) (19)
/\I:I:[:
W,
Arg= v chgcvs(l— AN Dy - p; (20)
Bes= - 77 (1= A)Dg (21)
= aglQ+ Ei— Eg+ p(Vo=Vy)|Dg (22)
A= T Tosaod Dy (23)
We
Be.= V (Tasad Dy) — p; (24)
we= o |Q+ E.— Eq+ p(Ve= Vo) Dy (25)
D,= Mgu- Nor. (26)
A o NESELH, /M“TEE!ZDFE%%%&H
T= Dip+ Eh (27)
/\I:I:[:
Dr= AwDve+ BiDyyg (28)
Er= AtEv,+ BrEv.+ Cr; (29)
Ar= — “’—Tagx D ; (30)
Br= v (1= ) D (31)
Cr= [0+ E.— Ex+ p(V.- V,)]D, (32)
R MR N, T HE (10~ (12)F I RECH
JE, JE,
Dyve= - 7 p+ Sy (33)
1 IE,
Eviz 310+ Ec= Evt p (Vo= Vo) 1+ 5pF) (34)
IE . IE
Dyv.= - a—p/(p+ I (35)
Evi= 0 (36)
2 2 RiASHT
R — 4 W IR A I H BB TN
: b
V¢ plu= 0 (37)
- % -0 (38)
A D NEWBESWEE WHE LR P o
V+ DLZ': 0 (39)

A (39 MTTRE (10)% (11) (12)F0 (27), AT R AR MIX H p (A )5 ZR T H s
JifEA

dp_ Ev _
A~ Dv+ (ViD?) "™ K (40)



274 e JE 5 i N 164

- DvK ,+ Evs (41)
%z DvK ,+ Ev, (42)
%: DK ,+ Enx (43)

Hrp 772 (43) R ReP AR AL FER IR s AL R, R FRESLR M HT =T
2.

H IR R RN X p MKRRS RN EE TR EEERTLE # p V)KRABRRANTT
£ (38)F1 (39 FH AR 7, NAJH RN X H w @A )F V AR R

FERH p A ) VM RFRZGE, RERPESLINH XN X A pow V =S8
WAL E— S BRI A 26, AR E AR A TTE T8 2] p (o) w(eh V (e) X (1)
X (0SBRS4 17 UL EATZ R E 5 £

XTI TR (40)~ (42)PA R AE RGP AR i LIS () 7 72 (43)84, AL VN U
UG, Bl CIRE4W wEhEUMEH VN & FERYME pvns Vs VgVN;FD Tvn

RHE ZN D BB R, 7E VN s et e Sk A, p F1 V. IAIME 5 R BRI B B3
RIERGE R BTCE, EATATREEZ P W LARE T FER Hugonio t RIKAZRH, Y

1/Us I 1/U5 I T/USES
= A (1- —)exp(— Ri1V)+ B(l- ——)exp(- RV)+ ——
P (=g opls BV Bl = o Jexpl= Ral) o o

ES: _épVO(l— T/s)

TERFR NAR B ZAE T, SKAE Tl R AT HOM RS T IE
W= Co+ 24 Co(V.)

B W LRSI RER 1 —
p= Agexp(— riVy)+ Byexp(- V) + Cvao T IV,
¥ ponAl TonARATFT SR Vrn, IX B B 75 7P 2 R
FERTHIRGE R MR BE R, BFNTE VN A= QA= 0 MRIEREFH IR (998
Q+ E<-E.;+ p(V.-Vy= 0
P25 FIF= W R AS 2 M PV VanfRN, BI AR H Ve

3 X7 PBX-9404EZ580 N B

31 pA) u(d)Bh%k

¥ PBX -9404JEZi IS EURNHE L 72 (40)~ (42)F0 (43)H, =R H 3 2R 3 = v
XA p A, u)RZAMEWE 157w HEE®, EERRRMRR T, K7 p AR 3 E o
TERRZE DB 2 J5 A — MRE EFA X IR R S PR R 0, WIUE I VE 245 7 R IR [
RIE VN IR IR E B, S8 AR E B 5 BOR, RN X IR A YA KA 4
REMK RL Bt S B 1) AT, TR AR BE. e I AN, iR A e M SR B o B IA
B)FE R Z G, BT 6 K A B IR RN, SR FPIRESRE TRFE cJak X



% 3 SRR T 55 1R BE M 24 1 S S L X 3 B A B H 0 A O ik 275

BUAE U, TE MRS B SN X A S 5 AR IR A AR RR S L, KE 245 AT 46 70 g 1 2 A AR e L [ A
W IR ST 0 AR TR PR I R, RIVAE 285 JR AN 1) S B AE 25 0 AR IR — AR S B E —
FEIEIR I 8] 2Z )5, A THUR BRSO, DR AT mT AR 8 138 3 e S L IX PP () S5 p (1) HE 2K
BRI w (¢) R ZR AR, R W K 28 0 it S o g AL il

0. 250 0. 41

~-=~ ERRE
o. 245 b —-—-—--._— “\ — *ﬁuﬁﬁ&
0. 40
r; ~
a 0. 240 g
g < 0. 39
~ 0.235 )
® <
-- - - BRA ®0.38
0-230f  — WEBRRE
0. 225 [ A i A i A L M A a 0' 37 . N A . .
¢o1 o038 05 07 09 1 00.10 0.3 05 07 09 11
A A
B 1(a)E WBER RN X H w (V)R FR B 1(b)E W R P R BLX T p ()R F
Fig 1(a) u(X)across the reaction zone Fig 1(b) p(A)across the reaction zone
for steady detonation for steady detonation
—Bulk reactiory — Surface burning reaction —Bulk reactiony — Surface burning reaction
0. 250

32 I u(r)BhiZk

MR H ayes S 45 5, PBX 9404 )
25 R BEIX YR /N T 50ns ‘BT VN '5_3: 0. 240
R E AR B2 A 39 81G Pafl go 225
Q 245an M s N CHAEN 37 0GPafil®
Q 229am £+ s S 1HHITHE S RAEH —3 0230
(5 S LA R IR P IR ST o g
K) fEVN AE cJhz Mk FaEHEA L —0.01 0.00 0 0 0.0z 0.03 0.04 0. 05
SR TR BENEEE VN A2 EHA Ve
L E R B, I, BT PLIAN PBX - B 2 RN X AR u ()% R
OAOMNEL IR R RTIERIL B 2 pi 2 w(iaess the reactin sone
25 T AR B R R B OB X SIS w (1) for steady detonation
fihi £k,
33 NRBABEDHE

Kl 3R 445t T ER AR RN AR, B E B 2 I I B X R g B H 0B 07 %
RIS & 3R, XN T 2507 B R B s B DX A BRI R O AT, FE R
JOE X o 24 o A SO R BOR] 0 9PN Br BG: BB — NP BORAE S 10ns 22 BT A PR e B B
B B AT BRTEL 10nsZ G BNEIEHI RN B 80k LA HINEZLES —Fr
B e R BATXS ForestF ire R MR YFT Johnson 5 A P H 48 50 A4 AR

0.245




276 w5 W i % 16%

R T AR i, S5 R SAIE 6FT. 5 HR Forestd ire R N A, 7F 8 # 1%
HIEITT, RNIX FEEAET 4, 29 Sns/ifa; MR RA L0 H S Y, B ORI 46 e N 3 5%
%, 2T RN IEZ R BN, B, P R MIER R, KON X 5 EHHE/NT 50ns

200
1- 2 — i(t) 200
1.0p 150 150
0.8F 100 ~ 1001
< 0.6} g
50 ¥ SO
0.41 -
0.2} 0 0
0 i 1 i ] ——50 —50 1 1 2 M i
- —o.01 0.00 0.01 0.02 0.03 0.04 0.05 0.370 0.3750.380 0.385 0.390 0.395 0. 400
t/(us) 7/ (10°GPa)
B 3 EWBEBRMX S A A ()KFR B 4 EWBEBRMXS A (p)E R
Fig 3 A(t) andax(t) across the reaction zone Fig 4 al(p)across the reaction zone
for steadv detonation for steadv detonation
1.2 2000 1.2 30
Lo} 1600 1.0r 28
! ~
B I 3 41200 0.8F n
0.8 I( — A0 ~ 26 n
1 — A ' -]
<06k {800 3 < 0.8} N
- 24
0- iF 1 -1 ‘00 0- ‘ -
\
0.2} R it [ 0.2 22
¢ . : " 1 =400 0 A 1 1 1 20
—0.010.00 0.01 0.02 0.03 0.04 0.05 —0.010.00 0.01 0.02 003 0.04 0.05
t/(us) t/us
Kl 5 %I ForestF ire SN I 15 1) Kl 6 2RI P R RS 2 Y
SEHBEWRBLX A ()R A (1)K F SEHIRE BRI A () A (1)26 &
Fig 5 A(t) andax(t) across the reaction zone Fig 6 A(t) andax(t) across the reaction zone
for steady detonation according for steady detonation according
to ForestI'ire reaction rate to em pirical hot-spotm odel

TER arh, I TIEERMLX X (p IR HILk, Bk, JRATAT LAX BT A X 56 714 5%
) e LT AR AT A S R S R BIR 2% AF I HEAT 1y RV BBl R s .

FEARSCHHE A BT BB T PBX 94041245 4R A EEUH SCHR (6]

PR3 20t A 24 45 SO L DX 3 s vk BT e A 7 9k ) S it T B 1) 0 25 S~ RS
JIREANER GBI NLIX S w () ZREk p (¢)ih £k



% 3 SRR T 55 1R BE M 24 1 S S L X 3 B A B H 0 A O ik 277

2 % X M

1 VantmeH C, Ramsberger R B, CurtisW D, Lee R S, Cow perthw aiteM, Rosenberg JT. The A ccura—
cy of Reaction Rates Inferred from Lagrange A nalysis and In-Situ G auge M easurem ents In 7th
Sym posium ( International) on D etonation 1982 466

2 Partom Y. Characteristics Code for Shock Initiation LA -10773 1986

3 Hayes B, Tarver C M. Interpolation of Detonation Param eters from Experm ental Particle V elocity
Records In 7th Sym posium ( International) on D etonation 1982 799

4 M ader C L. Num ericalM odeling of Detonation, Berkerly, California U niversity of California Press
1979

5 Johnson JN, Tang PK, ForestC A. ShockW ave Initiation ofH eterogeneous Reactive Solide Journal
of A pp lied Physics 1985 57(9): 4323

6 RN, BERE. BERIEGRES . dbat: By T A, 1991 130~ 139

LAGRANGIAN ANALYSISOF FLOW FIELD IN DETONATION
REACTION ZONE OF HIGH EXPLOSIVES

Zhang Zhenyu Huan Shj Lu Fangyun
(N ationalUnwersity of D efense T echnology, Chang sha, 410073)
Lu Jipng

(Institute of Aviation Banb, N anjing, 210000)
ABSTRACT A smple Lagrangian analysism ethod to give the reaction flow field in det—
onation reaction zone of high explosives is proposed in this paper W ith know ing the e-
quations of state of the unreacted explosive and the reaction products as w ell as w ith
som e appropriate assum ptions we could obtaine the relationship of p (A) andu (A), etc
across the detonation reaction zonew ithout specify ing the reaction rate function(w here
p is the pressure u is the particle velocity, A is the reaction progress variable). A ccording
to these relations and the experm ental results aboutp (A) (oru(A))across the detonation
reaction zone the reaction flow field across the detonation reaction zone could be ob—
tained by m eans of interpolation or data fit W e used them ethed m entioned above to get
the reaction flow field across the reaction zone of PBX 9404
KEY WORDS detonation reaction zone Lagrangian analysis



