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Fig.1 One-dimensional Lagrangian measuring system with

manganin piezoresistive pressure gauges
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Fig.2 Manganin piezoresistive pressure gauge used in the ex-

periments
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Table 1 Properties of the R1 explosive
property value
initial density / g-cm™ 1.88
theoretical maximum density / g-cm™ 1.92
detonation velocity / mm - ps™ 8.064
detonation pressure / GPa 28.0

R2 RTMEZY o AR S A% U] S0 5 %
Table 2 Experimental conditions of shock initiation tests of

the R1 explosive

shot aluminum board / mm air-gap / mm loading pressure / GPa

1 13 10 4.78
2 14 10 3.71
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Fig.5 One-dimensional symmetric numerical model for the

shock initiation of the R1 explosive
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Table 3 Parameters of Griineisen equation of state (EOS)

for teflont™!
Cc
parameters ’ S, S, S Y a
grcm™ /cm-ps™
teflon 2.12 0.134 1.93 0.0 0.0 090 0.0

Note: pisinitial density.C,S,,S,,5, and a are constants.y, is Griineisen coefficient.
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Table 4 A set of D-u data for the unreacted R1 explosive

D/mm-pws™"  3.9448  4.1977  4.4506  4.7035 4.9564

u/ mmeps™ 0.3412  0.5122 0.6638 0.7992  0.9207
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Table 5 Parameters of JWL EOS for the unreacted explosive

and detonation product of R1 explosive

parameters unreacted JWL product JWL?
A/ GPa 570266.0 1201.70

B/ GPa -140.62 65.50

R, 19.69 5.56

R, 1.969 2.51

w 1.9711 0.28

C,/ GPa-K™' 3.3416%x107? 1X1073

E,/ GPa - 8.0

®6 AT HMX  DNAN FIGE A 13 ) 2 S8
Table 6 Thermodynamic parameters of HMX, DNAN and

aluminum used in the ignition term

parameters HMX[24] DNAN!25 aluminum!20)
p/g-cm™ 1.85 1.45 2.70

v/ us 2.6x10°2 2.6x1072 -

k/ GPa 8x1073 3.44x107 0.1674
Cp/sz'p,S_z'K_] 1.4%x107° 1.17%x107° 8.8x107°

Z /[ ps™! 5.0x10" 1.2%10° -

T/K 26500.0 20698.0 -
Q/g-ps?-cm™! 5.439%107? 4.92%x1072 -

R7 RUKEL R BCRITFESEL
Table 7

third terms for R1 explosive

Reaction rate parameters used in the second and

parameters a n b G z X

R1 explosive  0.0483  0.82 1.25 1080.0 3.335 1.45

4 HREWR

4.1 TESHEIE
ANEN#EE J1 T RS 40 1 25 op o i o /2

Chinese Journal of Energetic Materials, Vol.29, No.2, 2021 (88—95)

Fs 378 A Py A S 6 45 R A S R T 7 s,
SR RN SR AR B R R TSR . Rk
SCH 2 DI B R TR ) R O B e B e R,
R E R AR At I AE Eor R R AR T
W, 2 13 L6 007 F ) ) s BEL A JRA0S 7 52 36 aod 7 v
PERT I W R T 0E . X — B R HB, = N D 85 R
K 245 16 1 2 1 72 b B 0 R R RSE | LR sk s (5
PENELRTLL ) | 1 28 AL TR B o 318 057 A5 b o 0V F R T iE
T RIS L, — ELARE 5 B T BEL A% a8 B0 UROT I
L2 T O I AR A S A v B R I BT I S, A
T G 32 0 4% 52 % 09 e 7 A2 Ak D s, A RE AR AT % o7 B 1Y)
i o 2B 1 [ R

35 T T T
measured gauge 1
30+ measured gauge 2 : b
25 ] — measured gauge 3 N ]
[
o measured gauge 4
© 20~ calculated gauge 1 .
g 15 calculated gauge 2
@ ] caloulated gauge 3 -
& 104~ calculated gauge 4.
0 mm . 3mm
0 / _— .
0 .
time / us
a. shot1 (p,=4.78 GPa)
35 T T T
measured gauge 1
304 measured gauge 2 b
s 5 measured gauge 3 b i
% measured gauge 4
= 20 - calculated gauge 1 e
= - calculated gauge 2 ——
3 ~ calculated gauge 3
S 104 -~ calculated gauge 4 “
5.
0

time / us
b. shot2 (p,=3.71 GPa)

B 7 RTHEZ ofob b R o A8 1k ) 28 4k Dy s 52 0 45 2R M B 4
R L
Fig.7
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AN R 3R R KE 28 9 3 i ol 0 I A it £ 19
XF LG AL 8 BT 7, TR 2 A T B R I, R1KE 25
() — P A% B F A7 A el i 30k s ) A L R A 2
AT 1 P i I P R X S AT Sy Y T T
I, RTHE 2578 vh i AR T 7 A i PR G B 2 A
L AL R D) A ORI R I ) T AR A R
K 245 9 T AR S B PR

Comparison of experimental and simulated pressure

Sttt

www.energetic-materials.org.cn



2, 4-T i ik R Tk O Bl O O BR M 2 R0 ol R AR R 1

93

3.0
2.5
2.0
1.5
1.0+
0.5
0.0+

—O— experimental data

p,=3.71 GPa

™\p,=4.78 GPa

time / us

o 2 4 6 8 10
lagrangian location / mm
8  A[INARIE S R KE 24 bl e i A5 il 42 59 %8 LE
Fig.8 Comparison of experimental and simulated leading wave

trajectories of R1 explosive under various loading pressures

N AT ST RS A A A S R VA SR L v
I N E] £ T 45 R 2 5 SR A R W S B 0 TR
BB IR ) A A, LI I T i s T R B A T R4
Al 55 S5 i LW B hE o X R WK B 40 DZK 4
LSS 7 3 R A Y I s S 2 B 408 A L b il o R
R 2 R e R g AR, EL AT S N A8 g %
ol A R S R LA
4.2 kREGMHBEE

Oy B — 25 AR 5 O B 1 40 0 24 1 o ol R A
PE LRI R TS S 80, % R KE 24 b o e AR S 10 3
AN TR AR B A BRGSO R AR
BS Dy AT — 4t IR R R
10 mm J5 B985 TR A7 T J8 o 048, X N — 4T3
BERIANIE 9 B 7R, H R R 5 29 414 5 5 B i)
TR R — 2. 0 O dr @ 1350 m- s i}
TS EE R AP 10 s, AT RIAE R KE 245 e o 2 48
R I A A v el D TR T ) R 3
S IV T I A B, i e T M g e kL
JEE 0 TG P A I 5 T A AR SR R R R L R R T K
R RN S N R N R I A — B[] ) ik 3
A, B S 2218 TR, BRI R, 7E Sl R 15
EREPESTIRU o 8B u R NGRS SR o 4 AT e
2 1 sz IO SRR A 3 A I B A R K
IS 68 AT LA R AR =7 52 R B A DB 228, K 2 /9 S 1y e
JIE T T BSNS540 I8 2 S W JEEE i it
52 A2 THT i 28 A K 245 PN B IR 2 10

FEHCE 10 7 RYKE 2548 [F) A% B H 672 B9 vl %
I35 1], A K 35 I A 2 W L s g WA L S ek
FRUAEAF HE B A IS 1), U075 1 11 IR iR e X L 18T . AT
JRBE A HEAK B LB A TR KL 38R W (| B R
WA 0 90 Ji s g WA 4% % 9 1) o o 0 I D A% 3, 8 B

CHINESE JOURNAL OF ENERGETIC MATERIALS

flyer
4
=~

R1 explosive

_—te—— e — —— e —_— —_— e —_— —_—— -
0 X

B9 48w g o i A bk R T A A
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Shock Initiation Characteristic of Insensitive DNAN-based Aluminized Melt-cast Explosive

LI Shu-rui, DUAN Zhuo-ping, GAO Tian-yu, OU Zhuo-cheng, HUANG Feng-lei
(State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology, Beijing 100081, China)

Abstract: To investigate the shock initiation characteristics of the insensitive aluminized melt-cast explosives, a one-dimensional
Lagrangian test system was established with the manganin piezoresistive pressure gauges and the loading technique of chemical
explosion. The shock initiation process of an aluminized DNAN-based melt-cast explosive was measured, and the growth histo-
ries of pressure were obtained under different loading pressures. By virtue of the mesoscopic model of reaction rate of the alumi-
nized melt-cast Duan-Zhang-Kim (DZK) , the parameters of the aluminized explosive were determined and then the shock initia-
tion process was simulated numerically. It is found that the higher the loading pressure is, the faster the detonation grows inside
the aluminized explosive. In the shock initiation of the aluminized melt-cast explosive, the reaction degree and reaction rate are
low near the leading wave front. However, the reaction rate of explosive after wave increases continuously and reaches the peak
value in a while with the ignition reaction and the accumulation of chemical reaction Furthermore, compared with the growth
history of particle velocity, those of pressure involve more detail of the growth of reaction rate, which are more suitable to be
used in validating the reaction rate models and determining the parameters of reaction flow models.

Key words: insensitive aluminized explosive;2,4-dinitroanisole (DNAN) ;shock initiation; Lagrangian test; initiation characteris-
tic;numerical simulation
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