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Investigation of flow and heat transfer characteristics in

ultrafast laser processing of stainless steel
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Abstract: Ultrafast laser processing of metals induces surface phase change and melt flow, significantly impacting pro-
cessing quality. A numerical model coupling the two-temperature model with fluid dynamics was developed to investigate the
transient temperature field, melt flow, and morphology evolution of stainless steel under picosecond laser irradiation. The in-
fluence of laser fluence and moving speed on ablation characteristics was systematically evaluated. The results indicate that
melt flow is critical to the ablation effect. Compared with traditional models neglecting hydrodynamics, the simulation results
considering melt flow show good agreement with experimental data, with an average relative error of only 7.5%, indicating a
significant improvement in prediction accuracy. The melt flow is primarily driven by recoil pressure and thermocapillary
forces, which predominantly determine the final melt pool morphology. For moving multi-pulse processing, the melt flow
leads to a central peak. Additionally, as the laser fluence increases from 1 J/cm® to 5 J/cm®, the ablation depth grows from
8.2 nm to 34.6 nm. Increasing the moving speed from 0.15 pm/ps to 0.25 pm/ps causes an approximately 30% expansion in
the width of the heat-affected zone. These findings provide valuable insights for optimizing ultrafast laser processing param-
eters and improving micro/nano-scale surface fabrication quality.
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