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Influence of Deposited Layer's Structure on Flow Field of
Coaxial Powder Feeding Nozzle

Zhu Gangxian Li Dichen Zhang Anfeng Zhou Zhimin
(State Key Laboratory for Manufacturing Systems Engineering, Xi'an Jiaotong University, Xi’an, Shaanxi 710049, China)

Abstract In order to investigate the influence of parts’ structure on coaxial powder flow in the process of forming,
gas-solid two-phase flow theory is considered to analyze the effect of cladding layers in the ongoing process of growth
on powder flow concentration distribution and focus distance from the nozzle outlet to convergence point varying. The
discrete model in FLUENT software is used to evaluate the powder flow rule. The computed results indicate that the
gathering concentration of powder the coaxial powder feeding nozzle (CPFN) in radial direction approximately obey
the Gaussian distribution. Compared with free jet, the convergence point of the powder moves upward and the focus
distance varies from 5 mm to 4.6 mm, while the variable quantity is 0.4 mm. When the width of cladding layers is
invariable, the focal point concentration in the powder flow field gets smaller, the focus distance slightly longer, and
the gathering characteristic keeps almost invariant by increasing the height of cladding layers. When the height of
cladding layers is invariable, the focal point concentration gets bigger, the focus distance slightly shorter, and the
gathering characteristic better by increasing the width of cladding layers. The effect on the additive height of cladding
layer of single trace with different widths and heights of cladding layers is carried out by experimental investigations.
The numerical results are in good agreement with the experimental observations. The results indicate that the
additive height of cladding layer is nonuniform of the parts with uneven thickness or gradually increasing the height
during the process, which causes that the surface of cladding layers is not smooth, and then reducing the surface
forming quality of cladding layers.

Key words laser technique; directly metal forming; coaxial powder feeding nozzle; gas-solid two-phase flow;
numerical simulation
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Fig. 1 Physical model of CPFN. (a) free jet; (b) deposited layers under the nozzle
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Table 1 Different computation parameters for height

Number Width B /mm Height H /mm
1 0o 0
2 2 5
3 2 10
4 2 20
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Table 2 Different computation parameters for width

Number Width B /mm Height H /mm
1 0.5 10
2 1 10
3 2 10
4 4 10
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Fig. 3 Contours of powder concentration distribution for CPFN
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Fig. 4 Powder concentration distribution with different heights of deposition layer in two directions
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Table 3 Peak powder concentration Cr,,, and

focus distance f with different heights

Height H /mm Width B /mm Cp./(kg/m®)  f /mm
0 oo 2.702 4.6
2 2.676 4.6
10 2 2.623 4.7
20 2 2.436 4.7
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Table 4 Peak powder concentration Cp,,, and

focus distance f with different widths

Width B /mm Height H /mm Cgn./(kg/m*)  f /mm
0.5 10 1.993 4.9
1 10 2.263 4.7
2 10 2.578 4.7
4 10 2.769 4.6
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Fig. 5 Powder concentration distribution with different widths of deposition layer in two directions
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Table 5 Process parameters of laser cladding experiment

Parameter name Value
Laser power /W 250
Traverse speed /(m/s) 0.006
Beam diameter /m 0. 0005
Powder mass flow rate /(kg/s) 0. 0002
Shielding gas /(m®/h) 0.43
Materials (powder, thin-walled 316L

parts, substrate) (stainless steel)

Carrier gas flow rate /(m®/h) 0.48
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