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ABSTRACT 

 Directed energy deposition (DED), which is one of additive manufacturing applicable to metals, 

laminates the material on a baseplate by melting and solidifying with a high-power heat source. DED 

attracts various kinds of industries such as aerospace, automotive, and medical products [1]. However, 

powder-based DED wastes the material because powder is difficult to converge on the melt pool 

precisely. Therefore, many researchers have been investigating the powder supply process with 

various powder supply conditions. For example, Pan et al. analyzed on gravity-driven metal powder 

flow in a coaxial nozzle with various gas-flow rates and nozzle geometries [2]. Furthermore, in order 

to enhance the powder supply efficiency, a fluid-dynamics simulation would be helpful to estimate 

the powder behavior under the powder nozzle. Although Zhu et al. dealt with the influence of 

deposition height on the powder distribution with a 2D-axisymmetric model of coaxial nozzle [3], 

other researchers generally conduct the simulations assuming that the powder flow is free jet or 

injected on the baseplate. However, from the practical viewpoint, a detail investigation needs to be 

conducted considering the variation in the powder flow according to the difference in geometry 

around the deposition point.  

 In this study, the powder distribution is evaluated in the 

various deposition heights to predict the optimal gas-flow rate 

and powder-nozzle shape by a computational fluid dynamics 

(CFD) simulation based on Euler-Lagrange approach. A gas-

solid multiphase-flow simulation is conducted by applying 

the discrete phase model. The 3D models for CFD simulation 

including the deposit with various heights are designed as 

shown in Fig. 1. By performing the CFD simulations, the 

distribution and velocity of particle and gas flow around the 

deposit are estimated. Comparison of these results indicates 

that the powder-flow diverges with the increase of the 

deposition height. Thus, it is necessary to increase the carrier 

gas-flow rates gradually when the deposition height gets high 

during the deposition in order to supply the powder to the 

melt pool stably. Furthermore, the modification in powder nozzle shape by shortening the 

convergence distance of powder flow also would be a useful approach to improve the powder supply 

efficiency regardless of the deposition height. 
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Fig. 1  3D-simulation model 


