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Influences of the heating rate and rheological properties on slow cook-off
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Abstract: In order to investigate the difference of internal temperature distribution and the location of response in slow cook
off of Comp B with consideration about the rheology and its size-effect when under different heating rates, 2 types of cooking
off bombs with diameters of 76 mm and 130 mm were designed. The temperature curves of the internal monitoring points in
the bombs at the heating rates of 1 °C/min and 3.3 °C/h were obtained by the slow cook off test, and the characteristics of
temperature field under various conditions were further analyzed in simulation. The results show that: at the heating rate of
1 °C/min, the internal explosives of the 2 sizes of bombs have already responded before they have completely melted, affected
by the convection, the explosive of the top melted significantly quicker than that of the bottom, size effect on the rheology was
not obvious; When the heating rate is 3.3 °C/h, after the phase changing is completely done, the intensity of internal flow field
is low, and the temperature field of the smaller bomb changed very slowly. However, the internal temperature field in the larger
bomb changed quickly to a typical liquid temperature field because of an intenser flow, size effect on the rheology was more
palpable. Moreover, in any conditions, the highest temperature location, self-heating and response areas are all near the top of
the explosive.
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Table 1 Size of the cook off bombs

UE S R PR B 42/mm FAK E /mm FARREJE /mm 25k AR /mm iR JE /mm ) 557 8] B /mm
1 130 430 15 100 400 50

2 76 255 7.5 61 240 30

Heating barrels

Thermocouples
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Fig. 1 Slow cook off bombs and heating barrels Fig.2 Measuring points locations
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LA 3.3 C/h THi B o
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Fig.3 Schematic setup of slow cook off test Fig. 4 Test arrangement and result
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Table 2 Temperature of each measuring points when ignition

IR/ C
FHi1%/mm THR R

HlEE HIPEs| M2 3 W ia W5 k6 Wei7
1 °C/min 194.2 127.4 82.9 78.7 783 78.2 783 (K30

76
3.3 C/h 171.8 227.6 205.2 201.4 193.4 (K30 190.2 184.1
1 °C/min 193.8 79.3 66.2 65.3 64.9 64.5 64.3 64.5

130
33 %C/h 175.1 191.1 187.3 185.4 182.8 179.5 176.7 175.3

H R I At rP A A AN [ TR 3T A 5 B AR Al 2 3 3 LI 5~ 6.

240 — Wall 240 —— Wall
220 - —— Point 1 220 F —— Point 1
200 F —— gojntg 200 F — Point 2
| — Point |l — Point 3
180 Point 4 180 Point 4
160 - —— point 5 160F Point 6
140 | Point 6 140 - Point 7

Temperature/ °C
Temperature/ C

120 120
100 100
80 80
60 60
40 40
20 20 F
0 1 2 3 4 5 6 7 8 9 10 11 0 2 4 6 8 10 12 14 16
Time/(10° s) Time/(10* s)
(a) 1 C/min (b)3.3 C/h

K5 @76 mm KRR ] IR AT SE A R B fh it 26

Fig. 5 Measured temperature curves of @76 mm shell sat different heating rates
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Fig. 6 Measured temperature curves of @ 130 mm shells at different heating rates
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Fig. 7 Yield process of Bingham fluid
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Table 3 Physical parameters for Comp B and shell
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Table 4 Chemical kinetic parameters for Comp B

E,/(J-mol ™) 0/(J'kg™) A
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Table 5 Comparison of response temperatures from

experiment and simulation

) W 7 38 B/ °C.
R HAA/mm Fhil — R Y%
1 BAEAY
1 °C/min 194.2 195.0 0.4
76
33 %C/h 171.8 172.4 0.3
1 °C/min 193.8 193.7 —0.05
130
3.3 C/h 175.1 174.6 -0.3
200 F—— Wall 0.008
—— Point 1 40.007
180 Point 2
160F — Point 3 4 0.006
o —— Point 4 =
% 140F — Point 5 10.005 £
5 10— Point6 S
& —— Point 7 10.004 X
g 100 ---- Velocity o 35
. ' Q
S | /v 40.003 9
R 80 S S}
60t v 40,002
401 3 40.001
2 S e N PN
0 2 4 6 8 10 12 14 16
Time/(10* s)
(b) 3.3 C/h

Kl 8 @76 mm RERRTILEAN R THELE AR T AL KO 5P d AL T 26

Fig. 8 Simulated average velocity and temperature curves at different points of @ 76 mm shells under different heating rates
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Fig. 9 Simulated average velocity and temperature curves at different points of @ 130 mm shells under different heating rates

Temperature/°C Temperature/°C Temperature/C Temperature/C Temperature/ °C Temperature/°C

81 138 152 169 190 215
131 144 160 179 201
123 g 135 g 150 - 167 S 188 ‘
116 127 141 156 174
108 119 131 145 160
101 110 121 134 147
94 102 12 122 133
86 94 102 11 119
79 86 93 100 105
71 77 83 88 92

3 64 ‘ 69 ' 74 77 78

(a) =3 536's (b) =6 944 s () =7792's (d)=8832s (e)r=10112s (f) =10368 s

10 1 °C/min FHEBEFE T @76 mm AT N T8 Lt
Fig. 10 Changes of temperature field inside the @ 76 mm shell at the heating rate of 1 ‘C/min

Temperature/°C Temperature/°C Temperature/°C Temperature/ °C. Temperature/ °C Temperature/ C

) 102 136 152 176 200
101 135 151 175 197 N
100 134 150 174 Q 194 »)
99 134 149 174 192
98 133 148 173 189
97 132 147 172 186
96 131 147 174 183
95 130 146 170 180
94 129 145 170 178
93 128 144 169 175
92 128 3 143 168 172

81
(a) =47 400 s (b) =69 600 s (c) =107 400 s (d) =123 600 s (e) =143 400 s (f) =146 400 s

80
FE 11 3.3 C/h FHRBEART @ 76mm KR PRI 728 f it 7

79
78
Fig. 11 Changes of temperature field inside the @ 76 mm shell at the heating rate of 3.3 C/h

71
76
75
74
73
72
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Temperature/ C Temperature/ °C Temperature/C Temperature/ C Temperature/°C Temperature/ °C
80 123 150 188 188 220
75 114 140 176 176 204
70 106 N 130 163 163 189
55 97 119 151 w 151 173
60 89 109 138 138 158
54 80 99 126 | 126 142
49 71 89 114 114 126
44 63 79 101 101 111
39 54 68 89 89 95
34 46 58 76 76 80 |
29 37 . 48 64 64 64 W
() =3 120's (b)=5715s () =7335s (d) =9 045 s () =9 675 s () =9 945 s
Bl 12 1 °C/min FHREFE T @ 130 mm A5 N ORI 2L (Lt 72
Fig. 12 Changes of temperature field inside the @ 130 mm shell at the heating rate of 1 ‘C/min
Temperature/ °C. Temperature/°C Temperature/ °C. Temperature/ °C Temperature/ C Temperature/ C
79 125 153 167 175.0 223
78 124 152 166 174.7 218
77 122 151 165 174.4 213 \
76 121 149 164 174.1 208
74 119 148 163 173.8 203
73 118 147 162 173.5 199
72 117 146 161 173.2 194
71 115 145 160 172.9 189
70 114 143 159 172.6 184
69 112 142 158 172.3 179
68 111 141 157 . 172.0 174
(a) =42 000 s (b) =91 800 s (c) =123 000 s (d) =139 800 s (e) =144 000 s (f) =147 000 s

13 3.3 C/h FHREF T 2 130 mm RSN R 7R (it 72
Fig. 13 Changes of temperature field insidethe @ 130 mm shell at the heating rate of 3.3 ‘C/h
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