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Fig. 1 Schematic diagram of test layout and temperature measurement points
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Table 1 Material parameters of HMX-based pressed charge and shell

Material p/(kg'm™) AJ-m"-K™ C/(J-kg " K™")
30CrMnSi 7 850 10.1 550
HMX-based pressed charge 1 860 0.437 1 050
HMX 1960 0.5358 1004.26
Binder (Kel-F) 2020 1 000.4 0.0527
Air 1.25 381 0.023

x2 EMHNEENMHSH

Table 2 Modified physical parameters of aluminum powder

a A/JmK™ C/(J-’kg K™ pl(kg-m™) //m
2.3x1071¢ 1.39 871 2719 5x10°

®x3 HMXEZZEARDIBRENNFSH
Table 3 Kinetic parameters of the thermal decomposition reaction of HMX explosive

Material i E/(MJ-mol™") z/s™ O/MJ-kg™)
HMX-based pressed charge 1.60 2.0x10" 0.20
1 0.22 1.4x10% 0.42
HMX 2 0.18 1.9x10' 1.30
3 0.14 1.6x10" 5.00
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Table 4 Response temperature and ignition time of different gauges

Measuring point A Measuring point B Measuring point C
Method t/s /%
T/°C 6/% T/°C 6/% T/°C 6/%
Test 13090 221.7 224.5 184.5
Frank-Kamenetskii model 13 640 4.2 214.4 33 230.1 2.5 188.7 2.3
McGuire-Tarver model 12 895 1.5 217.0 2.1 226.8 1.4 182.3 1.2
250
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200 - Simulation
1
2 150
=2
s
g 100
&
50 -
1 1 1 1 1
0 3000 6 000 9 000 12 000
Time/s

P30 M A A BRI B2 h 2k

Fig.3 Test and numerical simulation of temperature curves at measuring point A

025102-4



%38 4 FEARSE . NI RS HMXCHE R 2 A AR 52

B R SFRE 245 (L/D = 5.0, o L Ry 25l i K BE, D b2 2 1 BLAS ) 76 A [ FHil o 3R T 10 24
BN 4 B, Hoat B A = AN 5 frn . 45418 4 AR S o] DL H: 24 T3R5 510 0.1,
0.5 °C/min B, & AL B 25 24 s DX, b B 06 JR AR B 1) 1l SR =Xk e R B K B R 5 224 T Tl
1.0 °C/min B, s A7 B i) 3 160 B B, I H 48R 380 A ol A XA IR 8 B VT 3

¥

(a) 0.1 °C-min"! (b) 0.5 °C-min™! (¢) 1.0 °C-min"!
B4 SRR SR R R R 2 R0 45

Fig. 4 Test results of typical-size charges at different heating rates
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Fig. 5 Calculated results of typical-size charges at different heating rates
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Temperature/K Temperature/K Temperature/K
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505.2 507.6 504.4
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488.0 484.9 484.1
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479.4 473.6 474.0
475.1 467.9 469.0
470.8 462.2 463.9
466.5 456.6 458.9

(a) L/D=0.5 (b) L/D=1.0 (c) L/ID=2.0
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504.6 504.1
499.8 499.1
495.1 494.0
490.3 489.0
485.6 484.0
480.8 479.0
476.1 474.0
471.3 469.0
466.6 464.0
461.8 459.0
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(d) L/D=3.0 (e) L/D=4.0

Temperature/K Temperature/K
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498.4 498.7
493.5 493.7
488.5 488.8
483.6 483.8
473.7 473.8
468.8 468.9
463.8 463.9
458.9 458.9
454.0 454.0

(f) L/ID=5.0 (g) L/D=6.0

K6 0.7 C/min FhHEH AT AR 2G RO RE SRS SRR 704 2 14

Fig. 6 Temperature contours of test bombs with different charge sizes at the heating rate of 0.7 °C/min
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(a) L/D=3.0 (b) L/D=4.0

K7 1.0 “C/min FHELE AT AN A2 RO LS R L 73 Al 2 4]
Fig. 7 Temperature contours of test bombs with different charge sizes at the heating rate of 1.0 °C/min
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Table 5 Calculated response temperature of measuring point D of HMX-based pressed charges

Calculated response temperature of measuring point D/°C

7/(°C-min™)
L/D=0.5 L/D=1.0 L/D=2.0 L/D=3.0 L/D=4.0 L/D=5.0 L/D=6.0
0.1 245.4 248.2 246.2 248.6 243.4 245.6 246.3
0.5 245.0 245.6 240.2 2374 234.9 230.0 230.2
0.7 236.4 240.5 236.8 231.6 231.0 229.9 2299
1.0 232.6 239.7 236.3 231.2 226.5 225.2 225.1
2.0 227.2 229.6 212.2 207.4 206.0 205.8 205.7

F6 HMXEFEREANSENMEREITEL

Table 6 Calculated response temperature of measuring point E of HMX-based pressed charges

Calculated response temperature of measuring point E/°C

#/(°C-min™")
L/D=0.5 L/D=1.0 L/D=2.0 L/D=3.0 L/D=4.0 L/D=5.0 L/D=6.0
0.1 220.6 211.7 206.5 205.4 204.0 207.6 212.7
0.5 221.4 213.3 208.2 212.1 216.0 2244 226.1
0.7 220.3 220.1 210.9 217.0 223.3 226.0 226.6
1.0 217.0 219.6 220.4 228.1 231.5 228.9 228.2
2.0 215.2 219.0 226.8 225.6 212.4 210.8 207.0
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Table 7 Calculated cook-off response time of test bombs with different charge sizes

Calculated cook-off response time/s

7/(°C-min™)
L/D=0.5 L/D=1.0 L/D=2.0 L/D=3.0 L/D=4.0 L/D=5.0 L/D=6.0
0.1 48 140 44 150 41 335 41 020 40930 40 905 40 895
0.5 14 140 13 425 12 950 12 905 12 895 12 895 12 895
0.7 11 695 11210 10 895 10 865 10 860 10 860 10 860
1.0 9485 9370 9325 9315 9315 9315 9315
2.0 7 545 7520 7505 7500 7 500 7500 7500
% 247 o e 107 3 BE , BIIN 65 D AR o R e BE 260 e oo
(Tp) 55 FHRH 30 56 7 4 WPl 8 F7 7 . MAJE 8 2ol D
AT LA th, 76— 25 R T 224 o L o L ol
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Tl AR, BAL IR )42 2 o XA R D 20
9 T 5T AR 14 25 R 2 ol
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) 2 1 0 M 2, 4V O BT AT O T LI T os 0 15 20
th R IR 24 0 ] 2 1 B PO k2 CCmin )
B 1T B TS, 24 T 3L 2% F 2.0 °C/min B, 2525 &8 2y v i B 5 T HIRER R 06 Rl 2k
y NN N Fig. 8 Curves of the relationship between response
Z\ ;;Z:iﬂj;gi ;g Hj: ;ﬁfjﬂgj g\ ;(j;“;j Jf": Oﬁy‘fi:i; ) temperature at charge center apnd heating ra]tDe
I, B I TR A ph e (AR A 2 2 24 3 % DX A 8000 -
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T2 26 9 DK 38 i 2 2 b, S

MATLAB A4 XHEE =~ E 37 A0 38, 3845 3] 5 IO FhR G R R 9325 )22 05 2 2k

KK R AR ) K R L, H 54 25K B 1Y B AR D A Fig. 9 Curve of the relationship between heating rate and

KK I A AR XS B L ignition time difference for different charge sizes

Ls;=L;/L (10)

TR L PR Y TR R NAR, B R AR LR 2.0 B, L, BUR /M, IR 253053 X 3500 4 E

HYFRX BB fe i o AT LATA N, Y K2 B A0 A 7 A 0 B 78 B 7 N 8] P4 4% 2200 0 E dRe /b, T A E 1Y

U B T2 F 32 AR BE N K 2 F B il 5 ), 24 A0 B TR RN AR I, 2B 24 ) T3 Mg DCIER I A E B EE

BIYCE TS E IR .
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Fig. 10 Relationships between response temperature at different measuring points and charge sizes
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Cook-Off Characteristics of HMX-Based Pressed Charges with Different Sizes
DONG Zelin, QU Kepeng, HU Xueyao, XIAO Wei, WANG Yixin
(Xi’an Modern Chemistry Research Institute, Xi’an 710065, Shaanxi, China)

Abstract: In order to study the effect of charge size on the cook-off characteristics of pressed charges, the
calculation model of cook-off process was established for HMX-based pressed charges. The cook-off bombs
with different charge sizes were simulated by Fluent software, the effect of charge size on the ignition
position, response temperature and response time of pressed charges at different heating rates was calculated.
It was found that, at the same heating rate, the response temperature of the charge center is the highest when
the length-diameter ratio of HMX-based pressed explosive is 1.0, and the ignition temperature of the charge
center decreases with the increase of the length-diameter ratio when the length-diameter ratio is greater than
1.0. When the length-diameter ratio increases to a certain extent, the response temperature of the charge
center tends to be a constant. The ignition position of the charge is determined by both the heating rate and
the size of the charge, and the ratio of heat transfer between the end face and the periphery face of the charge
is inversely proportional to the square of the length-diameter ratio. When the heating rate is slow or the
length-diameter ratio is small, the ignition position of the charge is located at the charge center; when the
heating rate is fast and the length-diameter ratio is large, the ignition position of the charge is gradually away
from the charge center.

Keywords: HMX-based explosive; pressed charge; cook-off test; charge size
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