
 
 

Delft University of Technology

Thermo-fluid modeling of influence of attenuated laser beam intensity profile on melt pool
behavior in laser-assisted powder-based direct energy deposition

Sattari, Mohammad ; Ebrahimi, Amin; Luckabauer, Martin; Römer, Gert-willem R.B.E.

Publication date
2023
Document Version
Final published version
Citation (APA)
Sattari, M., Ebrahimi, A., Luckabauer, M., & Römer, G. R. B. E. (2023). Thermo-fluid modeling of influence
of attenuated laser beam intensity profile on melt pool behavior in laser-assisted powder-based direct
energy deposition. Abstract from Flow-3D World User Conference, Strasbourg, France.

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.



Thermo-fluid Modeling of Influence of Attenuated Laser Beam Intensity 
Profile on Melt Pool Behavior in Laser-Assisted Powder-Based Direct Energy 

Deposition 
 
Mohammad Sattari a,*, Amin Ebrahimi b, Martin Luckabauer a, Gert-willem R.B.E. Römer a 
a Department of Mechanics of Solids, Surfaces and Systems, Faculty of Engineering Technology, 
University of Twente, Drienerlolaan 5, 7522NB Enschede, The Netherlands 
b Department of Materials Science and Engineering, Faculty of Mechanical, Maritime and Materials 
Engineering, Delft University of Technology, Mekelweg 2, 2628CD Delft, The Netherlands 

* Corresponding author: m.sattari@utwente.nl (M. Sattari) 
 

Abstract 

A numerical framework based on Computational Fluid Dynamics (CFD), using the Finite Volume 
Method (FVM) and Volume of Fluid (VOF) technique is presented to investigate the effect of the laser 
beam intensity profile on melt pool behavior in Laser-assisted powder-based Directed Energy 
Deposition (L-DED). L-DED is an Additive Manufacturing (AM) process that utilizes a laser beam to fuse 
metal powder particles. To assure high-fidelity modeling, it was found that it is crucial to accurately 
model the interaction between the powder stream and the laser beam in the gas region above the 
substrate. The proposed model considers various phenomena including laser energy attenuation and 
absorption, multiple reflections of the laser rays, powder particle stream, particle-fluid interaction, 
temperature-dependent properties, buoyancy effects, thermal expansion, solidification shrinkage and 
drag, and Marangoni flow. The latter is induced by temperature and element-dependent surface 
tension. The model is validated using experimental results, and highlights the importance of 
considering laser energy attenuation. Furthermore, the study investigates how the laser beam 
intensity profile affects melt pool size and shape, influencing the solidification microstructure and 
mechanical properties of deposited material. The proposed model has the potential to optimize the L-
DED process for a variety of materials and provides insights into the capability of numerical modeling 
for additive manufacturing optimization. 
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