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ABSTRACT

Most multiphysical simulation models of laser-based Additive Manufacturing (AM) employ a simple,
calibrated one-fluid approach to account for liquid-vapor interactions, where constant and uniform vapor-
sided conditions are assumed. In practice, AM-relevant conditions usually feature a recoil-induced vapor
depression, and its evolution and stability is closely linked to local laser irradiation conditions and cou-
pled with evaporation dynamics. Building on our recent comprehensive comparison between one- and
two-fluid modeling approaches for laser-based AM [1] we assess the impact of model choice on pre-
dictive capabilities and limitations, and the associated computational costs. Main areas of difference
between one- and two-fluid models are identified in the evaporation mass flux and resulting evaporative
recoil pressure, as well in surface tension forces at the three-phase line. We deduct potential calibration
methods for one-fluid models and outline multi-fidelity modeling approaches. Using the high-fidelity,
two-fluid model of [2], we expand the scope towards application-oriented scenarios by adding realistic
powder particle distributions and analyzing the influence of non-Gaussian spatial laser intensity distribu-
tions on evaporation and keyhole dynamics through its local coupling with the vapor-sided pressure dis-
tribution. Thus, we shed light on the possibilities of beam shaping in process design and the implications
on computational modeling, where the advent of beam shaping challenges long standing phenomeno-
logical models of evaporation-induced recoil and requires highly predictive models without the need for
process-specific calibration.
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