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Microscopic Analysis of Relationship between Explosive
Detonation Performance and Pore Distribution

CAO Rong-ting ,WANG Xiao-hong ,LI Jia-xi,LlI Xiao-jie, WANG Yu-xin ,YAN Hong-hao ,GENG Rui
(School of Mechanics and Aerospace Engineering,Dalian University of Technology ,Dalian 116023 ,China)

Abstract; This study introduces a straightforward two-dimensional vortex model to examine the release and ab-
sorption of vortex energy. The energy transfer resulting from vortex collapse during explosive detonation and the mi-
croscopic mechanisms underlying detonation growth are analyzed. The relationship between the macroscopic phenom-
ena of detonation growth and extinction and microscopic factors,such as pore size distribution,is established through
experimental validation. Findings suggest that the stability of the detonation process is microscopically governed by
thermal flux and the effective number of vortices per unit volume within the field. The effects of particle size and den-
sity of the explosives on the macroscopic detonation behavior can be elucidated by considering the effective vortex
volume concentration and distribution. Control of the ignition vortex pore size is essential ,and stabilization of detona-
tion can be achieved by adjusting pore sizes within defined minimum and maximum limits. An optimal and effective
pore volume concentration is necessary to maximize the energy utilization efficiency of the explosives. Based on this
research , successful tests on the regulation of detonation velocity of emulsion explosives through the use of mixture
sensitizers with varied size distributions and constant densities were conducted.
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Fig. 1 Cloud chart of vortex formation and disappearance

PRI, AT A Sy — 1] B Y A e AR AL i
JERE f YRS AL, AN &L 2 I, A — ST i 4
BT AT I — FR R IR, T T4 b B — > sURR R
BE— ARG o BRI BE IR UG Hesi o P,
VBN w, BN po WM HE BN 2K, Jif il fie ¢
A JZ AR R AN 2 AN 1R

PePEIi T i BT , AR B S T R T A

u = Const (1)
T u WML
Velocity / Vortex lines

B2 T R AR

Fig. 2 Diagram of vortex formation and disappearance
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Table 1 Influence of HMX particle size on critical detonation diameter ( thickness) of HMX and HMX/F,,

I AR B her/mm

Critical thickness

i # B A% d/um
Critical diameter HMX HMX/F,q,,
p=1.000 g/cm’ p=1.719 g/cm’ p=1.762 g/cm’ p=1.706 g/cm’
1~2 2.500 x 10~ 2.500 x 10" 1.100 x 10~
<30 3.500 x 10~ 3.300 x10 7" 2.300 x10 7! 2.600 x10 7"
30 ~40 4.200 x 107! -~ 3.500 x10 7"
40 ~ 64 7.900 x 10" 5.000 x10 " 3.100 x 10" 4.100 x 10"
64 ~94 9.100 x 10" 5.800 x10 7" 3.800 x 10" 5.600 x10 !
94 ~ 124 6.600 x10 7" -~ 6.300 x10 7"
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Table 2 Detonation velocity of emulsion explosives with different pore sizes

5 K5/ (g - om ) ALBRR A /um B/ (m -5
Number Density of explosives/ (g + cm ™) Pore size/um Detonation/(m + s ")
1 1.240 FE R Misfire
2 1.220 10 ~ 80 Y547 Misfire
3 1.150 5.078 x 103
4 1.130 5.052 x103
5 1.200 300 ~ 600 242 Partial detonation

T - AR A 24 0 BE AR RAEAL BT (BB 7 i 35 0.3% ) o

Note ; pore size is characterized here instead of explosive density (the mass content of sensitizing parti-

cles is 0.3%).

XA AR, Al ) B — A fl R
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HRAS [ FL B RS AR X K 2 A B O B R . 52
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Table 3 Detonation velocity of emulsion explosives with

different pore sizes under the given densities

AR s &8/ % R/

LY ol

Mass content of particles (g+em™) };ﬁﬁ/(m. s7)
. . K Detonation/

of different sizes Density/ M
-3 (m ° s )
<80 um 0.3~0.6mm (g-cm™)

2.490 x10™"  3.690 x 10" 1.150 4.485 x10°
3.480 x107" 2.980 x 10" 1.150 4.788 x 10°
4.470 x10™"  2.280x107" 1.150 5.077 x10°
9.900 x10 ™" 0.000 1.090 4.630 x10°
2.480 x10™"  5.360 x 10" 1.090 4.236 x 10°
6.210 x10 ™" 0. 000 1.200 5.209 x 10°
2.490 x10™"  2.690 x10 " 1.200 4.951 x10°
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