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Numerical simulation of temperature field of metal/explosive
structure irradiated by high energy laser

WANG Wenbin, GUO Ziru, ZHANG Yang, CHEN Shixiong
(School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: In order to analyze effect of different power laser on the temperature fields of the metal/explosive structure
and the possibility of thermal explosion of the explosive, the three-dimensional temperature field of the metal/explosive
structure irradiated by 55kW, 60kW, 65kW continuous laser was calculated based on a finite element analysis software,
ANSYS. In the numerical model, the variation of the physical parameters of the metal materials and the surface energy
coupling coefficient of steel target with the change of the temperature was also taken into account. The temperature
distribution of the facular center axis direction and the temperature variation curve of the explosive and metal surface center
with the change of irradiation time, were given. Under 5s of laser irradiation with different power, i. e. , 55kW, 60kW and
65kW, the surface temperatures of the explosive were 521K,550K and 581K respectively. The greater the laser power, the
higher the temperature and the easier the explosion. The temperature rise of the explosive is different when the power
increases at different time. The temperature rise of the explosive occurs in a small area in contact with the metal within a
certain irradiation time. These results have guiding significance to further study on metal/explosive irradiated by laser.
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Fig. 1 Finite model of the metal/explosive structure
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Table 1  Thermal conductivity and specific heat capacity of the 45%steel at different temperature

item

value

T/K 373 473 573 673
¢/(J-kg™' K™ 480 498 524 560
W/ (W-m™' -K™') 43.53 40.44 38.13 36.02

773 873 973 1028 1073 1173 1273
615 700 854 1064 806 637 602
34.16  31.98 28.66 25.14 26.49 25.92 24.04
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Fig.2 Temperature dependence ofthermal coupling coefficient of 45%

steel
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Fig.3 Temperature history of metal and explosive surface along the cen-

tral axis of laser spot
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Fig.4 Temperature distribution curves along the central axis direction
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Table 2 Temperature rise of metal and explosive surface at different time

temperature increase percentage/ %

(power increased by 9.09% )

temperature increase percentage/ %

time 1/s (power increased by 18.18% )
metal surface explosive surface metal surface explosive surface

0.5 7.32 3.33 14.63 6.66

1 7.08 5.77 15.04 11.54

2 7.78 6.80 16.17 13.59

3 8.22 7.90 16.44 15.13

4 8.15 7.50 18.15 15.50

5 18.31 11.69 35.26 24.19
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