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Numerical simulation and experiment on temperature fields

distribution of aluminum target under intensive laser

Wang Zhenbao, Wu Yong, Yang Pengling, Feng Guobin, Zhang Lei
(State Key Laboratory of Laser Interaction with Matter, Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: Laser energy coupling coefficients of surface of aluminum target were obtained by different
technics, such as sandblast, roughening by sand paper and plating gold. According to classical Fourier
heat conduction equation, the theoretical model for numerical simulation on temperature fields of
aluminum target under intensitive laser was built up. The software based on finite element method was
used to analyze temperature field distribution of aluminum target under continuous-wave (CW) laser
irradiation. Temperature field distribution of aluminum target with different surface roughness was
calculated, when incident laser was regular beam or Gauss beam. In authentication test, the maximum
temperature rise of back surface at the center of laser beam which irradiated on surface of aluminum
target was measured by thermocouple. Comparison of the numerical results with the experimental results
shows the availability of the finite element method. Analyzing ablation morphology after laser irradiation,
the results are coincident with the numerical simulation.
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Fig.1 Laser energy coupling coefficients vs temperature

of aluminum
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Fig.2 Numerical simulation of sandblast aluminum target
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Tab.1 Numerical simulation of aluminum target

with difference surface technics

Spot Treatment Irradiation ~ Maximum
o . Remark
distribution process time/s  temperature/C
Sandblast 5/10 429.5/637.4 —/melt
Regular beam  Roughening 5/10 301.7/442.7 —/-
(500 W/cm?) Sandblast and
eV AT 50 165002304 —/-
plating gold
Sandblast 5/10 664.0/1 008.1 Melt/melt

Gauss beam  Roughening 5/10 462.5/691.2 —/melt

(1000 W/em?) Sandblast and

. 5/10 252.3/371.5 /-
plating gold
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Fig.5 Numerical simulation and experimental test for sandblast

aluminum target
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Fig.6 Damage experiment of sandblast aluminum target
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