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The additive manufacturing process has gained considerable attention due to the advantages of efficient material 
usage, cost-effectiveness, and manufacturing of highly complicated parts. The directed energy deposition (DED) 
process is a type of additive manufacturing process which utilizes a focused energy source to melt and 
simultaneously deposit material onto a substrate to create the desired product. Numerical modeling of the DED 
process is a highly effective method to study the complex physical behavior of the deposition process. Thermal-
mechanical modeling by finite element method and multi-physical modeling by finite volume method are the two 
primary types of numerical modeling used to simulate the DED process. The finite volume method has significant 
advantages since it includes melting and solidification, surface tension and buoyancy effects, and free surface 
tracking, which results in a more realistic deposition profile. In the present study, a three-dimensional transient 
numerical simulation by finite volume method is conducted to simulate a single layer deposition of a laser powder-
based DED process to analyze the thermal and melt pool behavior during the deposition. The simulation is done 
by the ANSYS fluent commercial software. The powder mass and laser energy are added as source terms to the 
mass and energy conservation equations, respectively, using the user-defined functions option in the ANSYS fluent. 
The mass and the energy source terms are based on the Gaussian distribution equation. The free surface tracking 
is modeled by the volume of fluid method, and the melting/solidification is modeled by the enthalpy-porosity 
method. The surface tension and buoyancy effects are also included in the numerical model. 
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