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Table 1 Physical parameters of materials

material p/kg-m™ C,/)-kg KT A/ WemT KT
HMX!T5) 1850 1004.26 0.5358
DNAN(s)!7! 1450 1170 0.25
DNAN(D!7 1330 1170 0.17

NTOL'e! 1850 1088 0.27

Steell 3 8030 502.48 16.27

Airt13] 1.225 1006.43 0.0242

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

®2 ARBIEYESE
Table 2 Modified physical parameters of Al powder

a A/W-m™-K" C,/)-kg™" K" p/kgm™? [/m

Al 2.3x107' 1.39 871 2719 5%107°

Note: ais calibration parameter, A is thermal conductivity, C, is heat capaci-

ty, p is density, [ is characteristic length.

R3 HMXI N ) 2 S g0

Table 3 Thermal decomposition reaction kinetic parameters
of HMX

No 7/ s1AS E AS, E, Q
/Jsmol™-K™" /Jmol™  /Jsmol™ K™ /J+mol™  /)-kg™

1 123.0 2.040x10° 89.0 1.890%10° -2.5x10*

2 -41.7 1.020%x10° =75.2 8.650%x10° -2.5x10*

3 3.16x10'° 2.000%10% -+ -1.20%x10°

4 1.50x10™ - 1.730X10° - 3.20x10°

Note: Zis pre-exponential factor, S, is forward activation entropy, E, is for-
ward activation energy, S, is reverse activation entropy, E, is reverse

activation energy, Q is heat of reaction.

&4 DNANFINTO I3 it ML 3 )1 2 28
Table 4 Thermal decomposition reaction kinetic parameters
of DNAN and NTO

No. material Z/s! E/J-mol”’ Q/)-kg!
5 DNAN(7! 1.20%10" 1.720%10° 4.923%10°
6 NTO!16-17] 1.10%10'2 1.675%10° 6.005%10°

Note: Zis pre-exponential factor, E is activation energy, Q is heat of reaction.
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Fig.5 Photo of cook-off bomb after ignition
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Table 5 Comparison of experimental and calculated results of ignition temperature at the center point and ignition time

heating rate experiment

calculation

. ignition time deviation
material .
/ K-min™ /K ignition time / s /K ignition time /s /%
RB-2X 1.0 464.35 15021 470.99 15191 1.13
1.0 495.56 12278 461.48 11599 5.53
RM-2X
0.5 466.05 25694 480.42 27141 5.63

Note: t_is temperature at the center point.
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Fig.9 Liquid phase fraction distribution of RM-2X explosive at different times (1.0 K-min™)
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Fig.10 Temperature distribution of RM-2X explosive at different times (1.0 K-min™)
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Relation between delay time and air gap width
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Table 6

point

Ignition time and ignition temperature at the center

1

heating rate / K*min~ ignition time of calculation /s t. /K

1.0 13811 386.68

1.5 9577 358.10

Note: t_is temperature at the center point.
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Small-scale Cook-off Experiments and Simulations of DNAN-based Aluminized Explosives

WU Hao, DUAN Zhuo-ping, BAlI Meng-jing, HUANG Feng-lei
(State Key Laboratory of Explosion Science and Technology s Beijing Institute of Technology s Beijing 100081, China)

Abstract: To study the thermal response of two new DNAN-based aluminized explosives RB-2X (DNAN/HMX/Al/binder) and
RM-2X(DNAN/HMX/NTO/Al/binder), small-scale cook-off experiments and simulations of RB-2X at a heating rate of 1.0 K-min™
and RB-2X at heating rates of 1.0 K-min™ and 0.5 K-min™ were conducted. The numerical simulation used multi-component
grid cell calculation method and considered the air gap formed by cooling and contraction of fused cast explosive. The thermal
response of explosives were analyzed. The comparisons of ignition time between simulation and experiment show that the igni-
tion time deviation of RB-2X explosive is 1.13%, and the maximum deviation of RM-2X explosive is 5.63%. The influence of the
air gap between the explosive and the inner wall of the bomb on ignition time was also analyzed. The results show that the delay
time increases gradually with the increase of gap width, and when the air gap expands to 0.75 mm, the delay time is stable at 90
s, indicating that the air gap has a significant influence on the explosive ignition time. The thermal response of large-scale
cook-off bomb with RM-2X explosive was predicted. The results show that the temperature at center point can be significantly re-
duced at ignition by increasing of ammunition size and heating rate. The state of DNAN changes from total melting to solid-lig-
uid coexistence.
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