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Table 1 Properties of JEO explosive'*”!

parameter value parameter value
chemical formula  C, ,sH, (00N5 00004660 || o)/ GPa 29.25
p/gcm™ 1.78 Q,/Kkg™ 4739
AH /K)kg™ -259.81 P/ % 18
D, /m-s™ 8262 P/ % 15

Note: p is density, AH is enthalpy of formation, D is detonation velocity,
P, is detonation pressure, Q, is detonation heat, P, is impact sensitivi-

ty, P, is friction sensitivity.
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Fig.1 Diagram of experimental system for multi-point tem-

perature and pressure measurements
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Fig.2 Photograph of the cook-off experimental device
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Fig. 3 Diagram of the thermocouple positions inside the

charge (top view)
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Fig.4 Typical reaction phenomena of JEO explosive at 5 °C-min™
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Fig. 5 Constrained structures recovered after the reaction

with different heating rates
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Fig.6 Temperature/pressure-time curves of shell and differ-

ent positions with different heating rates
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Fig.8 Temperature-time curves during phase transition and
rapid thermal decomposition stages with different heating

rates
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Table 2
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1o 24 SR 2 R ) R R BR (IR A2 i) ) B 7 HL T S 2R
A e B FLAYE ) 2 A B TR I R

Ignition time and temperature of JEO explosive with different heating rates

heating rate / °C-min”' ignition time / s T,/ °C T,/°C T,/°C T,/°C ignition position reaction level
5 3256 313.9 192.1 197.9 219.1 edge deflagration
2 6841 277.5 219.5 221.6 221.9 - deflagration

Note: T, is temperature of shell, T, is temperature of 1, T, is temperature of 2%, T, is temperature of 3".

1

ME TR S 25 R 0] AR, T R X JEO K 24
180 R AR W S A RS o TR R 5 °C-min
I, i KOS B] 2, JEO 2 25 N R I o A AN 33 20, 1 %%
Ak K 28 5 M g K TR AR O 2 °C - minTt I 5 ]
K, 2 24 A AR I JEE A U4 2, 2% Ak K 24 O A S fR] A
K T T 3G H g U O O S B

3 JEO YEZH MR B E BT 5%

HFGE AN FE A [6) T il R X JEO K 2 05 R
PERY R LA LT 5 °C-min AT 2 °C-min™' 2 Fh I+
R B R SIS AT, R T TR R B L SR
2% 8 9 X6 K 2 A0 i SN R R 1 K 24 9 R 22 AR
o i 226 A 0 003 el (R i xS [ T T R
T JEO KE 2 1) Ko SR Iy fif 2o FR T e 1l — 2 F 5%

3.1 KBRS HETRY R XEDR

Shy S ST UE B A 50 R 24 B RN T R R X AR 24
55 IRk R AR DL R

1) FEZG H 3O G Arrhenius & At

2) BAL G R R P e — A A% IR 3, 20w SO T
TR HRAE 5 1 5 )

3) K R A 4 Shy X o [ 44k

4)F IR FE R 25 I M S BORN IR Bl ) 2
SHCh e A, AN B I B RKE 24 507 T AR

T K 24 45 0 1o A2 op Y BE R SEAE S AR N

aT
pCPE=V'()\VT)+5 (1)

K p WL kg-m™; C, oW A, ) kg™ - KT TR
BE LKA IR E, W em ™K s I E] 55 S0 K 24
PRI
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Fig.9 Numerical simulation model of the cook-off bomb
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Table 3 Thermophysical parameters of materials®*?’

. thermal "
. density o specific heat
material / _3 conductivity /)ekg oK
.cm . .
8 /W-m™-K™" 8
45 steel 7.85 49.8 486
air 1.225%107° 0.0242 1006.43
JEO explosive 1.77 0.7562 1050

B AR TR St £ £(m, 8) 5 52 ih £k X, 2 1] (1 3
JriRZEf /N B

&

1
Mm(;Z(fi(m,S) X)) (14)

i=1

K, e WEPESE0<m<2,0<8< 1.5,

b € 5 0 S 80 3% 4 TR b 45 AL &l 10a B
N8 FZ S RO 2 °C - minT T B R R B % 0K 5 R
HEAT BB AT, 45 31 1% 5650 25 SR 4n ] 10b A1 36 5 iR .
M 10b F13E 5 0] LLE i, P HL45 5 50 50 45 2R 1 1%
2N, R WIIZ B R S B RE 05 A RURAE JEO KEZ5 1Y
15 IR Ay il ok A

R4 JEOKEZ LA N 3 ) 2% S5

Table 4 Chemical reaction kinetic parameters of JEO explo-
[32]

sive

parameter value parameter value
AlsT 1.97x10' B 0.72
E/J-mol” 117360 T,/ K 298
MW / g-mol™ 185.7 p, ! kPa 101.325
m 0.7

Note: A is pre-exponential factor, E is activation energy, MW is molar
mass, m is temperature index, & is pressure index, T, is reference tem-

perature, p, is reference pressure.
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Table 5

with heating rate of 2 °C-min~

i PO

Comparison of simulation and experimental results
1

simulation experiment
error
value value
ignition time / s 6821 6841 0.3%
T,/°C 217.6 219.5 0.9%
T,/°C 217.6 221.6 1.8%
T,/°C 217.6 221.9 1.9%
ignition pressure / kPa 937 928 1.0%

Note: T, is ignition temperature of 1%, T, is ignition temperature of 2%, T, is
ignition temperature of 3.
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Effect of Heating Rates on the Cook-off Response Characteristics of JEO Explosive

ZHANG Ye, WANG Xin-yu, XU Wen-yu, WANG Zai-cheng, JIANG Chun-lan
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology , Beijing 100081, China)

Abstract: To investigate the cook-off response characteristics of JEO explosive (NTO/HMX/additives) , an experimental system
for multi-point temperature and pressure measurements during the cook-off process of explosive was devised. The cook-off exper-
iments of JEO explosive were conducted at two different heating rates of 5 C+-min™ and 2 °C-min”' to obtain the ignition time, ig-
nition temperature, temperature history at different positions within the explosive, and pressure evolution inside the device. The
effect of heating rates on temperature and pressure variations and reaction intensity during the cook-off process of JEO explosive
was analyzed. Furthermore, based on the experimental research, a multiphase flow species transport model for explosive
cook-off was adopted considering the influence of pressures on the thermal decomposition reaction of explosive, and numerical
simulations were conducted to investigate the thermal decomposition process of JEO explosive under different heating rates using
Fluent software. The results indicate that the thermal decomposition reaction of JEO explosive proceeds slowly before phase tran-
sition, while it accelerates significantly afterwards, leading to a rapid increase in temperature and an exponential growth in pres-
sure until ignition. The ignition temperature of JEO explosive is approximately 220 °C, and its response level is deflagration under
the constraint conditions of this experiment, demonstrating excellent thermal safety. As the heating rate decreases, the ignition
time of JEO explosive prolongs, and the ignition location shifts from the edge of the charge towards the center, resulting in an in-
creased intensity of the reaction. During the thermal decomposition process before ignition, only a small portion of the explosive
undergoes reaction, with the majority of the reaction occurring during the combustion stage after ignition.
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