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a. schematic diagram of cook-of test system

b. cook-off bomb
B 1 R R R A
1=, 2—MRI3 R4, 3—F 2k, 4—HF AL, S—RLlE
2, 6—HLE, T—IB A, 8— B Hkp
Fig.1 Schematic diagram of cook-off device
1—computer, 2—MR13controlling temperature instruments,
3—conducting wire, 4—sealing plug, 5—support instru-
ments, 6—thermocouple, 7—cook-off bomb, 8—cook-off

stove
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Table 1

rate of 1 °C « min~

Experiment results of cook-off bombs at a heating

1

constant constant amount percentage

temperature of time of of mass of mass results

case/C case/min loss/g loss/ %

160 50 0.18 1.02 thermal balance
170 50 0.23 1.26 thermal balance
180 50 0.36 1.99 thermal balance
185 50 0.47 2.63 thermal balance
195 48 - - initiation

208 0 - - initiation

Note: Percentage of mass loss=(my—-m;)/mg,, mg is explosives mass before

heating, m, is the explosives mass after heating.
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Fig.2 Fragments status of cook-off bombs in different heating

models
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Table 2 Parameters of materials
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Fig.3 the physical modelof cook-off bomb

1—end cover, 2—explosive cylinder, 3—case
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Table 3 Simulation results of cook-off bomb at a heating rate

of 1 °C - min™

constant temperature

of case/C 207 195 194.9

194.8 194.7

constant time

. 0 45 72 135
of case/min

thermal balance
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Fig. 4  Relationship between thermal initiation temperature

and delay time
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Table 4 Simulation results of cook-off bomb in different heat-

ing rates

1

heating rate/°C - min~ critical temperature/°C

0.1 194.4
0.5 194.6
1.5 195.1
2 195.4
4 195.8
6 196.4
8 196.8
10 197.0
15 197.0
30 197.0
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Table 5 The change in temperature at each measuring point

in different heating models

heating methods point a point b pointd AT, AT,q

200 198.99 199.60 1.01 0.4
220 211.31 207.90 8.69 12.1
199.53 199.83 0.47 0.17
215.30 216.37 4.70 3.63

heating to ignition
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for 50 min 220
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Fig.5 The change in temperature at each measuring point with different heating rates( I-heating stage, Il-thermostatic stage)
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temperature of case when the constant temperature of cook-off
bomb is reached (AT, . AT, are the difference between outside
wall temperature of case and center temperature of explosive
cylinder at heating rates of 4 °C - min™' and 8 °C - min™', re-

spectively)
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Fig.7 Temperature distribution of cook-off bomb at different heating rates before initiation

Chinese Journal of Energetic Materials, Vol.24, No.4, 2016 (380-385)

W
=
(S

A4

www. energetic-materials. org. cn



T 3 008 BR A A% 1 T e K 50 PR ks SRR B ) 52 i) 385

(3) R LA [R] ) T 3l 3 5 T 22 PRke 18 i PEL)]. K254, 2009,32(3) : 2224
N ZHI Xiao-gi, HU Shuang-qi, LI Juan-juan. Cook-off response
S E , BRI DR TR 5 A R O P T o R characterisqtics of desensitigzi(lg RDX expjlosive under differeFr)lt re-
KL TC R A ¥ R e AUk striction conditions[ J]. Chinese Journal of Explosives & Propel-
lants, 2009, 32(3) . 22-24.
B X3k (71 E/INEE, BIRUR . 24 2485 3 T 45 5 MK L 0 B i )]
: JEHE S bk, 2013, 33(2): 221-224.

(1] Monica H, Jacqueline C B, Charles AW, etal. The influence of ZHI Xiao-qi, HU Shuang-qgi. Influence of charge densities on re-
an applied heat flux on the violence of reaction of an explosive sponses of explosives to slow cook-off[ }]. Explosion and Shock
device[ ]//Proc\eeding :N?W York, NY,USA , 2013. Waves. 2013, 33(2) : 221-224.

(2] WBETE  EBEWE. Y25 TLIR A K2 AR R B ()] KR 5 (8] WA, SR B et N )], K KT
«q:aa,2009, 29(1): 109-112. B \014. 37(6) . 53-57.

FENG Xiao-jun, WANG Xiao-feng. Influences of charge porosity GAO Feng, ZHI Xiao-qi. Effect of physical interface on slow
on cook-off response of explosive [ J]. Explosion and Shock cook-off characteristics of explosives[)]. Chinese Journal of Ex-
\WaV\A/es,2009ﬂ, 29(1): 109-112. plosives & Propellants, 2014, 37(6) : 53-57.

[3) WUV, EURE, S HEERE LR R AR O o) e e UMD s L 2% B 2005
[J]. 485 upid;, 2005, 25(3) : 285-288. 161-162
FENG Xiao-jun, WANG Xiao-feng, HAN Zhu-long. The study of ZHOU Lin. Base of explosion chemistry. Beijing:Beijing Institute
charge size influence on the response of explosives in slow cook-off of Technology Press, 2005 161-162.
teSt‘[”' Explosion and Shock Wave5,2905,25(3); 285-288. » [10] Price D. Effect of particle size on the shock sensitivity of pure

CAT WRRN, S, BORCR, S AR 22 ol I AR G 0 A £ LA porous HE. NSWC TR 86-336,1986. Silver Spring, MD: Naval

U] TR, 2011, 32(10) : 1230-1236. Surface Warfare Center.
CHEN Lang, M/.\ Xin, HUANG Yi-min, et'al. I\'Aultl»pfomt tem- 117 MR, HRHETRIE[ M. 50 R AL . 1988, 97-118
perature measuring cook-off test and numerical simulation of ex- FENG Chang-gen. thermal explosion theory[ M. Beijing: Science
plosion[ J]. Acta Armamentarii, 2011, 32(10) : 1230-1236. Press,1988; 97118

[5] FEdii, PRi, MR A Jh i AN K 25 ) R 003 53 0 A

(12] gLy, 2505, M REXEZY ARCTERE (M. JUaT: Bl2# iR
#t, 1989: 310-312
DONG Hai-shan, ZHOU Fen-fen. High explosive and related
chemical and physical properties[ M ]. Beijing: Science Press,
1989: 310-312

[J]. &rtestrl, 2009, 17(1) ; 46-49.
WANG Pei, CHEN Lang, FENG Chang-gen. Reaction rule for
explosive under different shape warhead impact in steven test
[J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,
2009, 17(1): 46-49.

[6] &/, BIXUS, 2RI, AR AT Hife RDX A B me )i

Effect of Heating Rate on the Critical Temperature of Thermal Initiation of Cook-off Bomb in Defined Conditions
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(1. National Defense key Laboratory of Underground Damage Technology, North University of China, Taiyuan 030051, China; 2. Shanxi West Group, Taiyuan
030027, China)

Abstract: In order to study the relationship between the heating rate and the critical temperature of thermal initiation of cook-off
bomb in defined conditions, experiments were carried out with a self-designed test setup. Cook-off bomb with RDX based high en-
ergy explosives was heated at a heating rate of T °C - min~' and then makes the outer wall temperature of case keep at 160,170,
180,185 °C and 195 °C respectively for 50 min and then the response of cook-off bomb was observed. The critical temperature of
thermal initiation of cook-off bomb at different heating rates was simulated by FLUENT software. Results show that explosive in
constant high temperature environment is more dangerous than slow heating. The environment temperature of the reaction is lower

-1

and the response is more intense. When heating rate is 1 °C - min™ , the critical temperature of thermal initiation of cook-off bomb

is 194.8 °C. In addition, the critical temperature of thermal initiation increases slowly with the increasing of heating rate. When

', the critical temperature of thermal initiation is 197 °C. When cook-off bomb is heated to

heating rate is larger than 10 °C + min
its critical temperature of thermal initiation at different heating rates and then the temperature is kept constant until the response,
the heating rate has no influence on the ignition position of cook-off bomb under the given conditions. Ignition point is always in
the center of explosives.
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