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Abstract

numerical simulation we examined the effect of different processing parameters on powder convergence in the coaxial

In this study, we developed a numerical model of the coaxial nozzle and powder transport process. Using

nozzle under both vertical and inclined conditions. Our results indicate that an increase in carrier gas velocity leads to a
decrease in powder concentration at the powder focusing location, while the velocity of the shielding gas has little effect on
the powder concentration. When the carrier gas velocity is 8 I./min, the shielding gas velocity is 20 L./min, and the
powder feeding rate is 15. 8 g/min, the use of the coaxial nozzle in an inclined position increases the focusing height of the
powder from 19 mm to 21 mm and the focus diameter from 3.7 mm to 4. 2 mm, compared to that in a vertical position.
However, the uniformity of the powder distribution is much better when the coaxial nozzle is used vertically. Our
numerical simulation results are consistent with the experimental results and can accurately reflect the powder
transportation characteristics under different powder delivery methods.
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Fig. 1 Geometric model of the coaxial nozzle. (a) Three-dimensional model of the nozzle; (b) section of the nozzle
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Fig. 2 Computational domain of the coaxial nozzle. (a) Vertical state of nozzle; (b) nozzle at 20° incline
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Table 1 Processing parameters of numerical simulation

Parameters Value
Powder diameter  /pm 50-150
Flow rate of the carrier gas Q, /(L-min") 4,6,8,10,12
Initial pressure of the carrier gas P, /MPa 0.3
Flow rate of shielding gas Q, /(L +min™") 10,20,30,40,50
Initial pressure of the shielding gas P, /MPa 0.1

Powder feeding rate M, /

(g-min™")

12.3,14.1,15.8,17.6,19.4

2.6 RWIZE
BT A BUE M 45 R B R W E TR R
H i SR IS O E T 4R, BRI &S
IJTL?%ZO
F2 B s

Table 2 Experimental facility

Equipment Model
Laser IPG YLS 6kW
Powder feeder PFH-DTI1HO6
Laser cladding head LH-WVR-1020
Coaxial nozzle CF-1317-01
Water cooler TFLW-6000WDR
Robot Comau NJ 60-2. 2

Control system Siemens PLC
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Fig. 3 Distribution of gas flow field at X= 0 mm cross section. (a) Vertical state of nozzle; (b) nozzle at 20° incline
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Fig. 8 Effect of powder feeding rate on powder concentration. (a) Vertical state of nozzle; (b) nozzle at 20” incline

1.8
‘c"; ——V,=0.67m-s! (a) g A —=—V,=0.67 m-s"! ()
w15k o Vsl3Bmest & L4 ——V,=133m-s"
& | —4—V,=2.00 m-s7}, = —4—V,=2.00 m-s!
"5‘ | —7—V,=2.66 m-s7} = 121 -V =266 m-s
g 12 ——V,=333m-s 8 Lok —+V,=333m-s
E g™
£09 go8t
o
5 Sosf

0.6 o
5 < 04F
go3f 3 0.2
w < 02}

20 25 30 35 40 20 25 30 35 40
Z /fmm Z /mm

19 PR A0 S By AR TR B 500 o (a) WM IR IR 2 5 () W Nl 45T 207
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Fig. 10 Experiment on powder flow field of nozzle free jet. (a) Measurement of powder focal diameter; (b) measurement of

powder focusing height
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Fig. 11 Cross section morphology of single pass and four pass samples printed on 316L alloy by laser cladding at different angles.

(a)(c) Vertical state of nozzle; (b)(d) nozzle at 20° incline
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