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Figure 1 Schematic diagram of the computational model
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Table 1 Material parameters of the shell and the explosive*3!

Material Po A C]D
kg -m”? W10 J (kg 1)
Shell 7850 43 480
Charge 1809 0.49 1012

®2 IFEMLFRESH

Table 2 Chemical reaétion parameters of explosives(®3!

Reactant QC Z EC
M] kgt 10M*. 571 MJ] -mol ™!
Charge 2.293 2.03 0.11582
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Figure 2 (a) Flame temperature contour; (b) Schematic diagram of measurement point locations;
(c) Temperature at measurement, points and average temperature curves;

(d) Temperature rise history of explosive under different flame temperatures.
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Figure 3 Multi-layer shell diagram
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Figure 4 Ignition process of explosives: (a) Flame temperature contour; (b) local flame temperature contour;
(c) maximum temperature profile of explosives; (d) explosives temperature contour.
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Figure 5 (a) Curves of ignition time with ablative orifice angle at different gap widths; (b) Curves of ignition
position with ablative hole angle at different gap widths; (c) Variation of the average flame temperature at the

ignition location with the ablation hole angle under different gap widths
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FAEREFLRTHT AL A A K R o A ith 2k fee s s BUORKEZG s KL B AR 6 (b) RIS,
W= Fe R AR Dt 2 BB L T 7 XS M BLR T, A Btk fL P s 3 B
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Figure 6 Line charts of physical qnantitieS under the conditions of a 10° ablation orifice and a 5 mm gap
width: (a) Line chart of the outer{ayer temperature of the explosive; (b) line chart of the outer shell temperature;
(c) line chart of heat accumulation on the outer shell; (d) line chart of the oxygen volume fraction on the outer
shell; (e) line chart of theCarben dioxide volume fraction on the outer shell.
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Figure 7 (a) Flame temperature contour with a 10° ablati
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(b) Oxygen volume fraction contour with a 10° am rifice and 5 mm gap width;
(e}
t

/
(c) Carbon dioxide volume fraction contour with a 10 1pn orifice and 5 mm gap width.
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Figure 8 (a) Line charts of the explosive outer layer temperature at the ignition moment under
different ablation orifice angles; (b) line chart of heat accumulation on the outer side of the inner

shell with a 50° ablation orifice and 5 mm gap width.
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Figure 9 (a) Line chart of the explosive outer layer temperature with a 10° ablation orifice and 10 mm gap width;
(b) line chart of heat accumulation on the outer shell with a 10° ablation orifice and 10 mm gap width;
(c) Line chart of the oxygen volume fraction on the outer shell at 10 s for different gap widths;

(d) Line chart of the oxygen volume fraction on the outer shell at 40 s for different gap widths.
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CFD-FEM Simulation on the Effect of Shell Perferation' after Ablation on

Combustion Heat Transfer and Explosive Ignition

ZHANG Jinxuan!, ZHENG Seénglin®, YU Yin?
(1. Institute of Fluid Physics, China Academyyof Engineering Physics, Mianyang 621999,
Sichuan, Ching;
2. National InterdisciplinaryResedrch Center of Engineering Physics,
Mianyang 621999, Sichuan, China)

Abstract: Fast cook-off assessment has always been a crucial topic in ammunition safety research.
However, previous simulation/studies typically lacking consideration of the influence of factors
such as outer shell ablation“on/amimunition ignition behavior. This paper pre-sets different shell
ablation hole sizes and gap widths, employing the computational fluid dynamics methodology to
obtain the flame temperature.field under ablation conditions. The flame thermal load is then
transferred as a boundarycondition for finite element method calculations, thereby investigating the
ignition behavigr,ofthe.explosive after shell ablation. Simulation results indicate that when the shell
gap is 5 mm, the/ignition position of the explosive varies with the size of the ablation hole, and is
consistently located at the edge of the hole. When the shell gap reaches 10 mm or more, the ignition
position deesynot change with the ablation hole size and is consistently located directly above the
explosive. O the other hand, the size of the shell ablation hole and the shell gap have no significant
effect on the ignition time of the explosive. Mechanism analysis suggests that the ignition position
is influenced by the reaction between the residual fuel in the high-temperature gas and the air within
the shell gap. This study can provide a theoretical reference for accident emergency response,

ammunition safety assessment, and improvement.

Keywords: munition fire; shell ablation; explosive ignition; CFD-FEM simulation



