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Fig.1 Diagram of cylinder charge in slow cook-off experiments
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Fig.2 Structural diagram of small-scale cook-off bomb setup
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Table 1 Physical parameters of components of GOL-1 and
Steel

material p/kg-m™ C,/) kg K" A/W-mT-K™
HMX! 1850 1004.26 0.5358

Al 2719 871 1.39

AP 1950 1255 0.276

binder! " 2020 1000.43 0.0527

steel ®! 8030 502.48 16.27

Note:  pis charge density, C, is specific heat capacity, A is thermal conductivity.

F£2 GOL-1HEZHES K
Table 2 Physical parameters of GOL-1

heating

p C, A A e
material _3 o ., rate oo g
/kg-m™ /)-kg™ K Pp— /Wem™ K/ Wem™ K
‘min
1.0 0.382
GOL-1 1837 10203 0.385+0.03
1.5 0.388

Note: A, is average thermal conductivity.
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Fig.4 Experimental and calculated temperature-time curves of GOL-1 in the charge center
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Table 3 Comparison of experimental and simulated results of Ignition temperature at the charge center and ignition time

heating rate ignition time / s

deviation / %

ignition temperature / K deviation / %

material o

/ K-min experiment calculation experiment calculation

1.0 11950 12043 0.78 488.2 497.6 1.97
GOL-1

1.5 8208 8305 1.12 480.2 491.1 2.27
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Calculation Method of Thermal Conductivity of Explosives Based on Slow Cook-off Experiment

XU Li-ji, BAI Zhi-ling, DUAN Zhuo-ping, HUANG Feng-lei
(State Key Laboratory of Explosion Science and Safety Protection , Beijing Institute of Technology, Beijing 100081, China)

Abstract: As an important thermodynamic parameter of explosives, thermal conductivity significantly affects the ignition re-
sponse characteristics of explosive charge. In order to quickly and effectively obtain the thermal conductivity of explosives with-
out tests, an axisymmetric heat conduction theoretical model of typical cylindrical charge structure is established, and its
steady-state analytical solution is derived. Also, a method for calculating the thermal conductivity of explosives is proposed
based on the slow cook-off experimental data. The thermal conductivity of a new type of insensitive explosive, GOL-1(HMX/Al/
AP/Binder) , is determined. The numerical simulation results of the ignition response of small-size charge structure under typical
cook-off conditions shows that the calculated results of the charge center temperature-time curves at different heating rates are ba-
sically consistent with the experimental results, and the deviations of ignition temperature at charge center and ignition time be-
tween the calculated and experimental results are 2.27% and 1.12% at most, which indicates the effectiveness of the thermal
conductivity of the GOL-1 and the feasibility of the numerical simulation method. The established calculation method reveals the
thermal conductivity characteristics and rules based on the temperature-time curves of slow cook-off experiments, which is more
suitable for calculating the thermal conductivity of explosives compared with volume-weighted method and string or parallel heat
conduction model. In the absence of experimental data for determining the thermal conductivity of new explosives, this method
is an effective determination method, providing a basic parameter for the design and evaluation of thermal safety of ammunition
and promoting the development of digital design and quantitative evaluation of safe ammunition.

Key words: explosives;thermal conductivity;analytical solution of heat conduction equation ;slow cook-off;numerical simulation
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