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Effect of Powder Properties on the Convergence of Powder Stream
in Coaxial Laser Cladding

Liu Hao  Yu Gang He Xiuli Li Shaoxia
(Key Laboratory of Mechanics in Advanced Manu facturing . Institute of Mechanics, Chinese Academy of Sciences ,
Beijing 100190, China)

Abstract The powder stream has an important influence on the quality of coating in coaxial laser cladding. In order to
improve the convergence of powder stream, a numerical model of powder stream in coaxial laser cladding is developed
based on a given coaxial nozzle. Simulations of three kinds of powder stream, including NiCoCrAlY, ZrO, ceramic
powder and W powder, are calculated and validated by the experimental results. The effect of powder properties,
including particle diameter, shape, density and restitution coefficient, on the convergence of powder stream is
investigated. According to the calculated results with the same powder feeding parameters, as the particle diameter
increases, the powder flow focal distance decreases, and the powder concentration reaches a maximum within some
particle diameter scale. The powder concentration gets bigger and the powder flow focal distance becomes shorter with the
powder shape factor or powder density increasing. As restitution coefficient decreases, both powder flow distance and
powder concentration increase.
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Fig. 1 Schematic of coaxial laser cladding
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1

Table 1 Main structural parameters of the coaxial nozzle

Inner gas inlet Carrier gas inlet Outer gas inlet Middle cone ring Outer cone ring
diameter /mm diameter /mm diameter /mm gap (mm)/angle(®) gap (mm)/angle(®)
6 4 2 2.2/60 1.2/50
. i inner shielding gas inlet °
middle cone ring : .
o carrier gas and NiCoCrAlY.ZrO, W
. powder particle inlet
outer cone ring 3
outer shielding . NiCoCrAlY s
exit of the nozzle gas inlet
2 s 48.7~127. 8 yum; ZrO,
©w
’ 1 1. 8 i
computational domain
helow the exit of nozzle 83.8 pm; W ’
, 0.8~2.13 pm s
o 2
2
b b

Fig. 2 Meshed geometry of the coaxial nozzle

3 . (a) NiCoCrALY 3 (b) ZrO, ; (o)

w

Fig. 3 Powder particle morphology. (a) NiCoCrAlY powder; (b) ZrO, ceramic powder; (¢) W powder

2

Table 2 Property parameters of powders

Powder Density /(kg/m?) Size /pm Shape factor Restitution coefficient
NiCoCrAlY 8350 48.7~127.8 0.9 0.93
71O, 5846 11.8~83.8 0.6 0.91
w 19350 0.8~2.13 0.8 0.92
b
3.1 °
, NiCoCrAlY
CCD . 4 o 4(a)
, ,CCD ’
8.5 L/min, 3 L/min,
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4 L./min. 4.2 g/min;
4(b) ° powder

condentration

’ C /(kg/m®)

’ ’ 5 7rO,
:NiCoCrAlY

Fig. 5 Comparison between simulated and experimental

’ results of ZrO, powder flow

powder
condentration
C /(kg/m*)

30
powder 55
concentration T’tl
C /(kg/m”) 1.0
0.5

6 W

Fig. 6 Comparison between simulated and experimental

4 NiCoCrAlY results of W powder flow
Fig. 4 Comparison between simulated and experimental W
results of NiCoCrAlY powder flow o
s 3
, .
) N ,
, o 3.2
, )
) N
. , , . )
5 710, NiCoCrAlY , N .
. , 210, .
NiCoCrAlY , ZrQ, 8.5 L/min.3 L/min.4 L/min
. o 7 .
W 6 R
o NiCoCrAlY 7rO, s ,
W ’ o
) ) U ,
o )
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gas velocity
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Fig. 7 Gas velocity distribution below the coaxial nozzle
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Fig. 8 Powder concentration with different powder sizes. (a)
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Along nozzle axis; (b) along radial axis in focal plane
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Fig. 10 Variation of maximum powder concentration and

focal distance with powder density
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Fig. 11 Powder concentration with various restitution coefficients. (a) Along nozzle axis; (b) along radial axis in focal plane
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particle velocity
V, /(n/s)

2.300
2.180
2.090
1.980
1.870
1.770
1.660
W 1550
1.440
1.340
1.230
1.120
1.020
0.090
0.802
0.695
0.588
0.480
0.373
0.266
0.159

restitution coefficient: 0.91

12

particle velocity
Vl_ /(nv/s)
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2.170
2.060
1.960
1.860
1.750
1.650
. 1.540
1.440
1.340
1.230
1.130
1.020
0.919
0.815
0.711
0.607
0.503
0.399
0.295
0.191

restitution coefficient: 0.99

Fig. 12 Trajectory of powder particles with two different restitution coefficients
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