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Fig. 3 Schematic drawing of experimental setup for fast
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Table 1 Physical parameters of the steel and air

material p/kg-m™ c/)-kg-K! A/Wem™K
air - 1006.3 0.0242

steel 8030 502.48 16.27

Note: p is density. c is specific heat capacity. A is thermal conductivity.
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Table 2 Physical parameters of propellants and insulating materials at different temperatures

c/)-kg K" A/WemT.K'
materials T/C
1 2 3 average 1 2 3 average
25 978 1032 986 999 0.347 0.357 0.352 0.352
50 1017 1039 1011 1022 0.348 0.348 0.348 0.348
propellant
75 1055 1094 1069 1073 0.347 0.353 0.358 0.353
100 1076 1086 1128 1097 0.343 0.339 0.366 0.349
25 1854 1895 1895 1881 0.234 0.237 0.238 0.236
50 1999 2017 2019 2012 0.240 0.238 0.240 0.239
insulation 75 2104 2054 2188 2115 0.240 0.231 0.249 0.24
100 2196 2190 2225 2204 0.235 0.236 0.241 0.237
125 2274 2227 2328 2276 0.239 0.232 0.243 0.238
Note: cis specific heat capacity. A is thermal conductivity.
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Fig.4 DSC curves of HTPE propellant at different heating rates
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Table 3 Thermal decomposition kinetic parameters of HTPE propellant calculated by Kissinger method

B/ K-min™ T/ K fitting curve E,/)-mol™ Als! R?
2 530.96
5 555.65
y=-12747.67x + 12.07 105984.09 2.23x10° 0.9810
10 569.06
20 583.76

Note: pis the heating rate. T, is maximum thermal decomposition temperature. E, is apparent activation energy. A is pre-exponential factor. R? is linearly correla-

tion coefficient.
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Fig.5 Temperature-time curve of each sample’s case during
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Fig.6 Photos of small-scale samples after slow cook-off test
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Fig.7 Photo of medium-scale sample after slow cook-off test
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Fig.8 Photos of large-scale samples after slow cook-off test
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Fig.12 Temperature distribution of samples before and after slow cook-off test response

temperature

| 5.000e+003
4.530e+003
4.060e+003
3.589e+003
3.119e+003

i \ 2.649e+003
2.179e+003
1.709e+003
1.239e+003
7.683e+002
2.981e+002

K]

'

a. small-scale sample b. medium-scale sample

temperature
5.040e+003
! 4.565e+003
4.091e+003
3.617e+003
3.143e+003
2.669e+003
2.195e+003
1.721e+003
1.246e+003
7.723e+002
2.981e+002

Kl

C.
B 13 A R 06 45 UL 0 7 5% 1] 3L 2 = ]

Fig.13 Temperature distribution of samples at the moment
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Size Effect and Numerical Simulation of Cook-off Tests for HTPE Propellant

SONG Liu-fang'’, LI Shang-wen’, WANG Zheng’, WU Zhuo'?, LI Hong-xu'*
(1. Science and Technology on Aerospace Chemical Power Laboratory , Xiangyang 441003, China; 2. Hubei Institute of Aerospace Chemotechnology »
Xiangyang 441003, China)

Abstract: The slow cook-off and fast cook-off tests of hydroxyl terminated polyether(HTPE) propellant have been carried out as a
function of sizes of samples (3 types). The temperature distribution inside the samples during the tests has been analyzed by Flu-
ent software. The results show that during the slow cook-of tests, there are few differences in the response temperature of the
samples. If the response degree of slow cook-off tests increases significantly, the corresponding fast cook-off test increases slight-
ly. The response levels for slow cook-off tests of HTPE propellants at small-scale, medium-scale and large-scale sample are com-
bustion, explosion and detonation, respectively. In comparsion, the corresponding response levels from the fast cook-off tests
are combustion, combustion and deflagration, respectively. In the slow cook-off simulation, the ignition points of the three dif-
ferent size samples are all the same at the center of the propellants. In the fast cook-off simulation, the ignition point locations of
small and medium sample are in the annular region of the angle between the propellant and cap, whereas there are multiple igni-
tion points in the large sample located in the middle of the case. In the experimental study of the cook-off characteristics of solid
rocket motor, the effect of the grain structure and sample size on heat transfer mechanism must be fully considered in the ratio-
nal design of small-scale analog motor.

Key words: hydroxyl terminated polyether(HTPE) propellant; cook-off test;size effect; numerical simulations
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