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Abstract: In view of the absorption and diffusion characteristics of laser in the paint layer and the base layer,
heat transfer model | and thermal connection boundary conditions for the paint layer and the metal base layer
was established. As a comparison, corresponding heat transfer models [ and I were established, with the
thermal connection conditions at the interface between the paint layer and the base layer ignored. In model Il ,
both the paint layer and the base layer were connected to the bulk heat source. A semi-analytical solution to the
problem was obtained through the Laplacian transformation. Corresponding numerical solution examples were
given through the Laplacian numerical inverse transformation. The results show that, model [ gives continuous
temperature distributions, while model II and model Il give discontinuous temperature distributions, which
goes against physical reality. Secondly, based on model I , the predicted time and energy density for cleaning
and removing the paint layer are between those of model Il and model IlI. The work provides a theoretical ref-

erence for improving the laser cleaning process.
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Fig. 1 The 1D physical model
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Table 1 Laser parameters| 9]

parameter paint Fe substrate Al substrate
thermal diffusion length L, /m 9.5x107° 1.48x1077 2.9x1077
absorption depth L, /m 5.3%x107° 1.9x10°8 1.0x1078
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Table 2 Physical parameters of base and paint! 3]

parameter paint Fe base Al base
thermal conductivity & /( W/ (m +K)) 0.3 78.48 205.8
thickness [ /pm 63 - -
density p / (kg/m?) 1300 7 870 2 696
specific heat capacity ¢ /(J/ (kg +K)) 2510 452 879
thermal diffusivity o 9.19x107% 2.206x1073 8.684x107°
linear expansion coefficient y /K™ 1.0x107¢ 1.23x107° 2.38x107°
absorption rate a 0.611 0.363 0.642
reflectivity R 0.202 0.637 0.358
transmittance 7 0.187 0 0
absorption coefficient 8 /m™! 1.88x10* 5.24x107 1.0x108
elasticity modulus ¥ /(N/m?) 1.0x10'° 1.9x10" 7.0x10'°
approximate adhesion value f/( N/m?) 4.2x107 ~5%x107 - -
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