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Table 1 Parameter of explosive and flyer

Material 00/ (g/cm®) ¢/(km/s) Z/(Ggem *es D) o u/(km/s)

PBX 9501 1. 842 3.770 6.944 0.4 -

Al flyer 2.785 5.328 14.391 — 0.75




334 [ JE 7 | 2 527 &
1.2 10
1.0} sl
0.8+
@ g or
£ oop )
3 4t
Gar —o— h=1.94mm —o— h=1.94mm
—O— h=3.41 mm ol —O— h=3.41 mm
0.2 —A— h=4.91 mm —2— p=4.91 mm
0 02 04 06 08 1.0 1.2 14 16 0 02 04 06 08 1.0 1.2 14 16
T/(us) T/(us)
(a) Particle velocity histories (b) Pressure histories
0.6f 0.7r
05k O h=1.94mm 0.6+
—O— h=3.41 mm 0.5
0.4 —4&— h=4.91 mm o
;m 04+
< 03 = 03}
0.2 R 0.2
b g —— h=1.94 mm
01 0.1 —O— h=3.41 mm
: : —4— h=4.91 mm
or 1
0 0.2 0.4 06 08 1.0 1.2 14 1.6 =0 0 02 04 06 08 1.0 1.2 14 1.6
T/(us) T/(us)
(c) Extent of reaction histories (d) Reaction rate histories
0.8 0.8
0.7} 0.7r
0.6} 5 0.6
o 05t 05
% 0.4+ % 0.4+
< 0.3t 03}
02} —0— h=1.94 mm 02k —0— h=1.94 mm
—O— h=3.41 mm —0— h=3.41 mm
0.1y —A— p=4.91 mm 0.1+ —A— h=4.9]1 mm
0 L L L L L L 0 L L L L L
0o 01 02 03 04 05 06 3 4 5 6 7 3 9
A p/(GPa)
(e) Reaction rate versus extent of reaction (f) Reaction rate versus pressure

K3 CIM BEBRIFR 53 45 5%
Fig. 3 Calculated results of CIM model
R4 CIM AL, IF 45 & hi s W1 H it iHid s . A5 8] 7 PBX 9501 X 24 wpos 28 48 22 % 728 ok 2 v o o
S T 3 3 B AR A o R A5 B A 25 AT DL B
(1) HAER B A A FIA X () FERETE F T (h=0), p BE S A 3G, 1k 34 B2 il

JRE B AN AT R R A T E]ﬂgﬁﬁififﬁﬁﬁﬂﬂﬁﬁ?’i%@pi‘ﬁﬂ M [ il 488 77 1] 4
ZhHKELG T, Xt T — A RO SRE ARIR(E ph e VR T A i G 48 A A A k] BP9 e K S BT B w
A 5 — I 8] Y6 B PN L AN L K5 T 8 e 18 T e (32 T 52 B T b AR 3 3 J3E D ol A DA

(2) B R AR U AEL Y B A (0 BT o 1 p 394 4K S8 A ) Foe R AR T, A ML T o RO IE(EL VRS 2T p B0
(E o R p AEWEAR 2 )5 BT [ S o 1 Al 488 5 TR0 A 600 S S T fh T A (L 2 I S B SR ) R B, [
S b i 9 AR Bl ) 2 RS AR A S B AR O AR R T RN AR B T DGR

(3) e — AN I 9 S0 R A (o) B2 K 3 A B T B 0 0 O A 2 O o A e k8 o 3 A B g 2
ARZS R o 308 IR 25— TR A 52 FE OO (1 — 20 29 3R B e o 25 IR (8] 1. 5 2 0 77 B8 I A S
HRIE A



%3 MR 724 . PBX 9501 K2y oo B M 0 30 I R 3t 4 3l ) 22 R R E 5T 335

A= b (1 — Q) a2)
oA R B 6=3. 9, T FH T8 R0 3 R B 38 0 AE A B ], BRI R AR 15 s oy i 3R 5 s U )R R TE) AR
e 7E vl P MR T AN AN N B R, N TR SR R TR LI A A AE L (8 S SN EORTE S A B — A
HEFI TR, MR N SN Z R THES,

S S5 i 2% 5 R (12) B4R SR A, SR A (o) R ACo) B SR At

2.5

i:w”mm—?5> (13)
2.5
AZlfexp(*bT ) (14

2.5
(133 A 2HFA (LD 2, B AT A5 3 58 2 1 1 i o o AR 75 A8 5 72 o MM AT 263K,

P 4 2RO 2 7 R (12) B CIM RSB A5 S . DAL 4 i 3B 45 SR aT L, 2 I R A5 70
P (12) BEAC I b T B PBX 9501 K 24 07 T3 56 2] 15 WA (I 1% BsF 0] | A {150 3980 5 1) 00 {150 R 06 0 3 4 11 o 34 5
YGRS T A2 7 R 3R R e A T R R R I S 5 i 2 A ol e T R B
HIES ORI 6 95T 9 N R S o v 2 < € L T O [ B S L TV B W R - NGRS Y - BV N1
W o BT B o AL p B TE s SO O B T et BELT S5 T BT, AR AN R e e e o A AR ) A
i ot A

(4) T 5 by s e W T FARE P SR BE e FNUGEEDRE 73R 0 n BRI SC G ST 45 R A, B4R
ST AT B BN R A R AE B 2k . SR S5 S I AP 00, 38 2R 5 0 B T T e i 4R 22 1R
{147 B ][] B Ao s sk 88 000 U B G2 08 1) T W Ak R L A 2% 0 R T R A0 s 18 %) S SIS L 3 3 ) 0 i
wy (32 BI) AR T i e B T 2 S 75 3R 1 o BT IR 0% S O 4 0 1 bR 2 Bl 2 I I 3 R T AS R D AR Bl ) 2
FE4R U . PO AE T 0 245 vhidi BT A5 T H AR BELBT A AR5 o T 50 100 06 {0 B a8 6 5 00 O TR O 0 30
S

1.2 2.5

Ugu (D), cal.
L0 — h=0 mm . Uy (D), €XP.
4 \ — h=0.45mm 2.0 Uy (1), cal. “

08 N\ 3 — h=0.93 mm A uy(b), exp.
s AN | = pep g o L5p e Anthcal | g
= 7 \ — h=L @ -
£ os = % N — h=243mm 2
I TR :,;Zs\%\\ — h=2.93 mm Lo}

0.4 i — h=341mm

— h=3.92 mm =
0.2 — h=4.41mm g2
— h=4.91 mm
0 _ . i 0 . ) . . ._
05 1.0 15 20 25 0.1 0.2 0.3 0.4 0.5
t(ps) Gauge depth/(cm)
B4 PBX 9501 #E24 CIM Hi PRl 5 I 7R T AL 7 S RT3 R 570 26 Y
VAR RS Y WIS SE 25 R 5 TR A R A
Fig. 4 CIM simulated particle velocity histories Fig.5 Experimental and calculated shock
of PBX 9501 and peak particle velocity trajectories
4 & it

CIM B HTRRAE 2 G 20 1 93 2 oo ol e 8 ol B 0 3 R 2l g = 3o A 9 e A ik . R0 ) CTIML 6 28
PR e AP Ak KR L ) S 6 T 2, TT LA B PBX 9501 K 24 ot 2 4 0 e 70 5 R v — S AR M 1 2 2R S
e, REAE SRS B H T 0 S R A 64 A A7 45 B0, Ofy S B A o ol 2 8 S A o R R B B Y
TR I B VEE SE AT W) B A B R AR R T — MR R BIE TR



336 [/ /N N S (14 %27 &
References:
[1] Sheffield S A, Gustavsen R L, Hill L G, et al. Electromagnetic gauge measurements of shock initiating PBX 9501

(2]

(3]

(4]
[5]

L6]

and PBX 9502 explosives [ C]//Proceedings of 11th International Symposium on Detonation. Colorado: AFRL,
1998.

Lambourn B D. An interpretation of particle velocity histories during growth to detonation [CJ//Furnish M D,
Gupta Y M, Forbes ] W. Shock Compression of Condensed Matter-2003. New York: AIP Conference Proceedings.,
2004 :367-370.

Lambourn B D. The hydrodynamics of the early stages of the shock to detonation transition [C]//Proceedings of
13th International Detonation Symposium. Norfolk, VA,2006.

Fowles R, Williams R F. Plane stress wave propagation in solids [ J]. ] Appl Phys,1970,41(1) :360-363.
Cowperthwaite M, Williams R F. Determination of constitutive relationships with multiple gauges in non-divergent
waves [ J]. ] Appl Phys,1971,42(1) :456-462.

Zhang Z Y,Huan S,Lu F Y,et al. Lagrangian analysis of flow field in detonation reaction zone of high explosives [J].
Explosion and Shock Waves,1996,16(3):271-277. (in Chinese)

ERTLBE A0 AL AR W R KE RS R N X A RS B H A v [T R KE S i 1996, 16(3) 1 271-277.
Gustavsen R L, Sheffield S A, Alcon R R, et al. Shock initiation of new and aged PBX 9501 measured with embed-
ded electromagnetic particle velocity gauges, LA-13634-MS [R]. USA:Los Alamos National Laboratory,1999.

Reactive Hydrokinetics in the Early Stage
of Shock Initiation of PBX 9501

CHEN Jun', TIAN Zhan-Dong®,ZENG Dai-Peng',
ZHANG Zhen-Yu? ,DUAN Zhuo-Ping®

(1. Institute o f Fluid Physics ,CAEP ,Mianyang 621900,China;
2. Institute o f Technical Physics,College of Science s National University
of Defense Technology .Changsha 410073 ,China;
3. State Key Laboratory of Explosion Science and Technology ,Beijing Institute
of Technology ,Beijing 100081 ,China)

Abstract: Through the application of Lambourn’s CIM model, a simplified analytic method was

proposed to study the post-shock reactive flow in the case of unknowing the real formula of reaction

rate. Based on this method, a more reasonable empirical reaction rate can be extracted to better

understand the initial hydrodynamic phenomenon during shock to detonation transition. The method

assumes that reaction rate is a function of time. The history and relationship of particle velocity,

pressure,extent of reaction and reaction rate can be obtained by combining with experimental particle

velocity. The results show that the decrease of particle velocity on impact interface relates with extent

of reaction,and peak reaction rate after shock wave appears within the peaks of particle velocity and

pressure.

Key words: shock initiation;reaction rate;characteristics;analytic model
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