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Effects Law of Coaxial Powder Feeding Process Parameters on Flow Field of Laser

Additive Remanufacturing Nozzle
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Abstract; Powder flow convergence of coaxial powder feeding nozzle was an important factor that affects the forming quality
and efficiency in laser additive remanufacturing. The powder-gas flow field simulation analysis of coaxial powder feeding nozzle
was carried out based on DEM-CFD coupling method. According to the parameters such as nozzle center axial powder flow dis-
tribution concentration, focal distance, powder flow concentration distribution at upper focal section and concentration of pow-
der flow per unit distance, a single-factor experiment was designed to analyze the influence of carrier gas flow, powder feeding
rate and shielding gas velocity on the powder flow distribution under the nozzle structure remained unchanged. Results show
that, with the increased of the carrier gas flow, the focal distance, nozzle center axial powder flow distribution concentration

and diameter of powder flow concentration distribution at upper focal section decreases gradually, concentration of powder flow
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per unit distance increases, the powder flow convergence become excellent. The shielding gas velocity has few influence on the

focal concentration. The higher the shielding gas velocity is, the smaller the diameter of powder flow concentration distribution

at upper focal section is, while the focal distance, concentration of powder flow per unit distance and the powder flow conver-

gence become larger and better. The effect of powder feeding rate on the focal distance is not significant, with the increased of

powder feeding rate, the nozzle center axial powder flow distribution concentration and the diameter of powder flow concentra-

tion distribution at upper focal section also increase, concentration of the powder flow per unit distance increases first and then

decreases.

Keywords ; laser additive remanufacturing; coaxial powder feeding nozzle; Discrete element method-computational fluid dy-

namics ( DEM-CFD) ; powder flow distribution
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Fig.2 Nozzle powder flow distribution characteristics and model calculation domain of coaxial powder feeding
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Table 1 Initial values of characteristic parameters of the calculation domain

Parameter a/(°) B/(°) 8/mm w/mm m/mm r/mm d/mm
Value 10 60 1 5 5 4 6
Parameter k/mm e/mm b/mm h/mm h,/mm h,/mm
Value 20 10 10 25 72 30
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Fig. 3 Structured grids of coaxial feeding nozzle
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Table 2 FLUENT simulation parameters setting
Model and value
Standard k-e, stand-

Simulation parameters

Turbulenc del
urbuience mode ard wall function

Multiphase flow model Eulerian
Fluid material N,

Powder inlet boundary condition/

(/) Velocity-inlet : 4

Protective gas inlet boundary condi- L
tion/ (m/s) Velocity-inlet: 1. 5
Wall boundary condition Wall
Export boundary conditions/Pa Pressure-outlet ;: 0
Solution method Phase Coupled SIMPLE
Convergence residual 0. 001
Automatic data retention interval Time step of 50
Time step/s 8x10’°
Number of time steps 1250

Maximum number of iterations per 60
step
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Table 3 EDEM simulation parameters setting

Model and value

Simulation parameter

Particle contact model Hertz-Mindlin( no slip)

Gravity acceleration/ (m/s”) Y =9.81
Particle material Ni60 A
Particle Poisson's ratio 0.25
Particle shear modulus/ ( N/m?) 8x10°
Particle density/ (kg/m’) 8000
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Geometric Poisson’s ratio 0.36
Geometric shear modulus/ (N/m’) 3.9x10"
Geometric density/ ( kg/m”) 8800
Particle generation rate/ ( g/min) 20
Particle incident velocity/ (m/s) 4
Time step/s 1x107°
Data retention interval/s 0. 0005
Calculate the domain grid size 4xR
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Table 4 Comparison of experimental and simulation results

Experimental ~Simulation

Data Accuracy/ %
result results
Upper focus 16.0 17.5 90.6
distance/mm
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ower Joea 20.0 20.5 97.5
length/mm
Focus column 4.0 30 75.0
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diameter/mm
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Fig. 5 Distribution of powder flow velocity traces under different carrier gas velocities
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