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Fig.1 Schematic diagram of laminated composite charge(LCC)
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Fig.3 Fireball evolution of explosive charges
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Fig.5 Overpressure curves of shock wave in air and nitrogen environments
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Table 1 Peak values for various physical quantities in air and

nitrogen environments

Ap,, / MPa (Apgy), / MPa
charge

Air N, Air N,
DH 14.32 13.86 0.442 0.428
DHUA 8.56 8.06 0.638 0.430
LCC 9.24 9.16 0.538 0.388

Note: DH and DHUA both refer to homogeneous charges with the same
mass. Ap. and (Ap,), represent the peak of overpressure and

quasi-static pressure respectively.
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Table 2 Mechanical energy and its conversion ratio in the explosion process

charge Ey/k-g™" E, +E/K-g" E/K-g"' Q/k-g! (y =1, (y = D
DH 3.127 3.028 0.099 5.760 0.54 0.53
DHUA 4.514 3.042 1.472 8.130 0.56 0.37
Mean of DH and DHUA 3.821 3.035 0.785 6.945 0.55 0.44
LCC 3.792 2.745 1.047 6.945 0.55 0.40

Note: E_ is the total mechanical energy produced, E,, E,, E, respectively represent the mechanical energy produced during the detonation stage, the anaerobic
combustion stage, and the aerobic combustion stage. Q is the detonation heat. (y-1) represents the conversion ratio of mechanical energy. ‘Mean of DH

and DHUA’ refers to the average value of the quantities of DH and DHUA.
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Table 3 Parameters of JWL EOS for the detonation products

of two explosives

explosive A/GPa B/GPa R, R, ® E,/ GPa
DH 815.9 19.64 4.8 1.15 0.29 10.6
DHUA 510 6.7 4.76 1.42 0.33 7.8

Note: E, is the initial specific internal energy of the detonation products. A,
B, R, R, and o are required parameter values for the JWL EOS in

LS-DYNA software.
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Characteristics of Spatial Distribution of Aluminum Powder and Afterburning Energy Release During the
Explosion Process of Laminated Composite Charge

SHEN Fei'”’, WANG Yuan-jing’, Wang Yi-xin', WANG Xuan-jun’
(1. Xi"an Modern Chemistry Research Institute, Xi'an 71065, Chinas; 2. Rocket Force University of Engineering, Xi'an 71025, China; 3. School of
Mechatronical Engineering , Beijing Institute of Technology, Beijing 100081, China)

Abstract: To investigate the influence of the structure of a laminated composite charge on its energy release during the afterburn-
ing process of aluminum powder, a composite charge with a multiple sandwich structure of uniform layer thickness was pre-
pared by introducing two types of explosives namely high explosive and thermobaric explosive. The high explosive with a higher

detonation velocity than that of the thermobaric explosive by 1.8 km-s™

. The evolutionary process of the fire ball and the me-
chanical energy in different ambient environment during various reaction stages were independently investigated in free-air and
confined explosion experiments. Additionally, the distribution characteristics of aluminum powder throughout the explosion
were assessed through integrated numerical simulation. The results showed that the thermobaric explosive layer was axially com -
pressed by the high explosive layer, resulting in an increase in the radial diffusion rate of both detonation products and alumi-
num powder. Furthermore, the average concentration of the aluminum powder cloud was reduced to 60%—-80% of that in a ho-
mogeneous thermobaric charge, and even to 50% in the tail region, finally resulting in a reduction of anaerobic combustion rate
of aluminum powder, as well as the mechanical energy released by aluminum powder. In the laminated composite charge, the
total mechanical energy released by thermobaric explosive in detonation and anaerobic combustion process was about 81% of
that in a corresponding homogeneous thermobaric charge. However, the mechanical energy produced during the aerobic com-
bustion stage increased significantly, leading to the total mechanical energy remained approximately stable. This study indicated
that the laminated composite charge structure could efficiently regulate the afterburning reaction and energy release of thermobar-
ic explosives in different reaction stages by adjusting the spatial distribution of aluminum powder without losing the total energy
of the charge.

Key words: laminated composite charge;thermobaric explosive;aluminum powder; concentration;afterburning;energy
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A composite charge was therefore prepared, utilizing two types of explosives with a detonation velocity difference of 1.8 km-s™.
The fireball’s evolution and the mechanical energy produced at various reaction stages within different ambient environment
were independently investigated in free-air and confined explosion experiments. Additionally, the distribution characteristics of

aluminum powder throughout the explosion were assessed through integrated numerical simulation.
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