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In recent years, the SPH (smoothed particle hydrodynamics) method has received much atten-
tion from the research groups active in modeling industrial and manufacturing processes. For
many of these applications, particularly in the additive manufacturing (AM) domain, surface
tension effects play a pivotal role in describing the physics of the process. Efficient modeling
of surface tension forces with SPH necessitates an accurate representation of multi-phase flow
interfaces, which is a nontrivial task still being explored. Particles disorder, free-surface detec-
tion, and kernel re-normalization are some of the most challenging issues to address.

This work presents a robust and reliable SPH framework capable of modeling free surface
and wetting effects in complex scenarios like fusion-based additive manufacturing simulations.
We enhance the performance of our method by adopting an array of contemporary stabiliza-
tion schemes from the literature. Specifically, a consistent particle shifting scheme termed as
δ+–SPH [1] is employed to ensure optimal spatial regularity. The robustness of this model is
further improved by the generalized transport velocity scheme of Zhang et al. [2] to provide a
more coherent distribution of particles, especially near the free surface and sharp regions. A
novel combination of these state-of-the-art correction schemes is proposed and implemented in
this work. Contrary to the recent SPH paper published by Meier et al. [3], our approach does
not require gas particles for implementing wetting effects and, as a result, saves a significant
amount of calculation efforts. The method is validated by an analytical benchmark and applied,
for the first time, to a single-pulsed laser melting problem.
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