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Analysis of thermal safety impact of airflow on the process of
femtosecond laser processing explosive charge
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(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Due to the low thermal conductivity and high sensitivity to temperature of explosive, it is highly
possible to form heat accumulation inside the explosive during the continuous processing of multi-pulse femtosecond
lasers, leading to dangerous events such as ignition and combustion. To reduce the thermal effects during laser
processing of materials, applying airflow is a common choice. To study the motion law of ablation products generated
by explosive under the action of femtosecond laser and the temperature changes in explosive under the action of
airflow, a two-dimensional fluid-solid coupling calculation model of femtosecond laser processing explosive under the
action of airflow is established. Numerical simulation calculations are conducted on the process of processing
cyclotetramethylene-tetranitramine (HMX) explosive using femtosecond laser under the action of subsonic airflow
with different incidence angles on one or both sides. The calculation results show that a unilateral airflow will form a
vortex flow on the surface of the explosive, causing the ablation products to rotate on the surface of the explosive,
exacerbating the thermal effect of the ablation products on the explosive; The bilateral airflow will form a large vortex
flow far from the surface of the explosive, causing the ablation products to leave the surface of the explosive quickly,
effectively reducing the temperature of the explosive and improving the safety in the process of femtosecond laser
processing explosive.
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Fig. 3 Velocity distribution of flow field in air under the action of unilateral airflow at different incidence angles
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Fig. 4 Temperature-time curves at the monitoring points on the surface of the explosive under the action of 45° unilateral airflow
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Fig. 5 Velocity distribution of flow field in the air domain under the action of bilateral airflow at different incidence angles
Pl 5 R [l A iR AR BUI SV T, 2 A3l e it 7 T E 1) 2 A7

surface of explosive

volume fraction temperature/K temperature/K
7.00E—03 3.18E+02 3.11E+02
’ 6.28E-03 3.16E+02 3.10E+02
5.56E-03 3.14E+02 3.09E+02
4.83E-03 3.13E+02 3.08E+02
4.11E-03 3.11E+02 3.07E+02
3.39E-03 3.09E+02 3.05E+02
2.67E-03 3.07E+02 3.04E+02
: 1.94E-03 3.06E+02 3.03E+02
1.22E-03 3.04E+02 3.02E+02
5.00E—04 3.02E+02 3.01E+02

y/mm
y/mm

=03 -02 0.1 —03 -0.2 0.1 —03 -0.2 0.1
x/mm x/mm x/mm
(a) 500 ps (b) 500 ps (¢) 1 ms
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Fig. 7 Distribution of ablative gas products in the air domain under the action of 45° bilateral airflow
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Fig. 8 Temperature distribution of flow field in air under the action of 45° bilateral airflow
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Fig. 9 Temperature distribution in the non-ablated area of HMX under the action of 45° bilateral airflow
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Fig. 10 Temperature-time curves of monitoring points under the action of bilateral airflow at different incidence angles
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