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ABSTRACT

The Laser Powder Bed Fusion (LPBF) process is an additive manufacturing technique which achieves
consolidation of metal powder using a laser to selectively melt, layer-by-layer, parts of a powder bed. At
the melt pool (MP) scale, driving forces include laser heating, solid-liquid phase change, evaporation, and
surface tension. Evidence shows that reliable numerical predictions of MP evolution require thermo-fluid
solvers modeling all the aforementioned terms [1]. These terms induce strong coupling between the
governing equations, requiring additional considerations to ensure accurate resolution. However, few
LPBF publications report a complete description of their frameworks: assumptions are not stated and the
solution sensitivity to the space and time discretization is rarely assessed. This makes it difficult to
reproduce the results and assess their adequacy.

This work provides a thorough description of the open-source thermo-fluid Finite Element (FE) solver
Lethe, focusing on its application to MP scale simulations. It features verified and validated solvers
required to solve the energy and incompressible Navier-Stokes (NS) equations. It also implements a
Volume of Fluid (VOF) method for the evolution of the liquid-gas interface and adaptative mesh
refinement to ensure sufficient discretization.

Lethe uses a monolithic approach for the NS equations resolution and implements the continuum surface
method to model the fluxes at the liquid-gas interface. Required surface normal and curvature are
computed from the VOF solution using L.2 projections, thus reducing parasitic velocities. Phase change is
resolved using the energy equation, considering implicitly the enthalpy change through the specific heat
capacity and latent heat of fusion contributions. Viscous and/or Darcy penalization model the stasis in the
solid and drag effects in the mushy zone. The laser heating is a Gaussian heat flux and the evaporation
cooling is implicitly treated.

The solution’s sensitivity to space and time discretization is presented for static, rising, and
thermocapillary droplet cases and capillary wave propagation benchmarks. Finally, results for LPBF cases
are presented, focusing on the time evolution of the MP dimensions for the stationary and moving laser
irradiation of bare plates presented in the experimental work of Cunningham et al. [2]
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