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Fig.1 Physical model of structure with explosive
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Table 1 Material size/thickness of the model

material JOB-9003 0Gr18Ni9 Air TC11 Carbon-phenolic
size (thickness) - 01 50.000 5 3 10 30

/mm
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Fig.2 Heat transfer of the case’s outer wall
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Table 2 Thermal physical property parameters of JOB9003

density pre-exponential reaction activation energy
/kg - m™ factor/s™' heat/) - kg™ /)« mol™
1845 4780 4.78x10" 143.9x10°
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Fig.3 Feature points of inner explosive
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Table 3 Thermal ignition delay time under different fire tem-

perature rise conditions

temperature rise of fire delay time of thermal ignition/s

1073 K 2211
1273 K 1735
real temperature rise 1917
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Table 4 The highest temperature of inner explosive at differ-

ent fire emissivity in 30 min fire cases

fire emissivity temperature /K
0.9 535.4
0.8 525.8
0.7 513.7
0.6 499.9
0.5 483.3
0.4 461.5
0.3 435.3
0.2 397.0
0.1 344.6
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Table 5 The thermal ignition delay time of inner explosive

under different fire emissivity

fire emissivity thermal ignition delay time/s

0.9 1917
0.8 1943
0.7 1978
0.6 2025
0.5 2091
0.4 2196
0.3 2368
0.2 2690
0.1 3520
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Table 6 The highest temperature of inner explosive under dif-

ferent shell emissivity in 30 min fire cases

shell emissivity highest temperature of explosive/K

0.9 535.4
0.8 513.4
0.7 492.7
0.6 471.0
0.5 446.8
0.4 420.6
0.3 392.4
0.2 362.0
0.1 329.0
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Table 7 The thermal ignition delay time of inner explosive

under different shell emissivity

shell emissivity thermal ignition delay time/s

0.9 1917
0.8 1975
0.7 2044
0.6 2126
0.5 2231
0.4 2375
0.3 2580
0.2 2928
0.1 3739
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Ay 1917 s ¥ n3) 3520 s,
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et 535.4 K FEARE] 329.0 K, #4 JCHE fif
Bl 1917 s #4m#| 3739 s,
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Numerical Simulation of Heat Transfer Problems in Structure with Explosive under Fire

WU Song, LI Ming-hai, ZHANG Zhong-li
(Institute of System Engineering, CAEP, Mianyang 621999, China)

Abstract: To understand the thermal response behavior of the structure with explosive under fire circumstance,in view of some
related main heat transfer problems, the numerical models of pool fire’s temperature rise heat transfer, carbon/bakelite ablatant’s
high temperature endothermic decomposition, inner air layer’s complex heat transfer and explosive’s exothermic decomposition
were established. The thermal response and thermal ignition delay time for the structure with explosive under the conditions of
different temperature (constant value 1073 K, 1273 K, and measured temperature rise curve proposed in this work) , different
fire's emissivity (0.1-0.9) and different surface emissivity for the shell with different air gap (0.1-0.9) were calculated and ob-
tained using the established numerical models. Results show that the thermal ignition phenomenon of the inner explosive occurrs at
28.92 min when the fire’'s temperature is 1273 K in 30 min fire case. The highest temperature of inner explosive is 448 K and
535 K, respectively when the fire’s temperature is 1073 K and real temperature rise curve. The highest temperature of the explosive
decreases from 535.5 K to 344.6 K and the thermal ignition delay time increases from 1917 s to 3520 s when the fire’s emissivity
reduces from 0.9 to 0.1. The highest temperature of the explosive decreases from 535.5 K to 329.0 K and the thermal ignition
delay time increases from 1917s to 3739s when the surface emissivity for the shell with air gap reduces from 0.9 to 0. 1.

Key words: heat transfer; fire case; structure with explosive; numerical simulation of thermal response; thermal ignition delay
time

CLC number: T)55; TB487 Document code: A DOI: 10.3969/j.issn.1006-9941.2014.05.008

CHINESE JOURNAL OF ENERGETIC MATERIALS b M A 2014 % #2224 %58 (617-623)



