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A study of high-power density laser welding process
considening surface tension and recoil pressure
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Abstract

In this study, numerical investigation has been performed on the evolution of key-hole geometry during
high-energy density laser welding process. Unsteady phase-change heat transfer and fluid flow with the
surface tension and recoil pressure are simulated. To model the overheated surface temperature and recoil
pressure considering subsonic/sonic vapor flow, the one-dimensional vaporization models proposed by Ganesh
and Knight are coupled over liquid-vapor interface. It is shown that the present model predicts well both the
vaporization physics and the fluid flow in the thin liquid layer over the other model.
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Table 1 Material properties for iron*”

Property Value
Liquid density (kg/m®) 6518.5
Solid density (kg/m®) 7870.0
Melting temperature (K) 1809.0
Normal boiling temperature (K) 3133.0
Critical point temperature (K) 9250.0
Viscosity (kg/m-s) 3.2175x10°
Liquid thermal conductivity (W/m-K) 43.99
Solid thermal condictivity (W/m-K) 40.96
Liquid specific heat (J/kg-K) 804.03
Solid specific heat (J/kg-K) 658.63
Latent heat of vaporization (J/kg) 6.3639x10°
Latent heat of melting (J/kg) 2.7196x10°
Laser absorptivity 0.15
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Fig. 3 Relation of incident heat flux and
overheated surface temperature.
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