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An Analysis of Heat and Fluid Flow in the Laser Surface Melting
with a Deformed Surface

Young-Deuk Kim, Bok-Cheol Sim and Woo-Seung Kim
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Abstract

Laser melting problems with deformed substrates are investigated by axisymmetric numerical simulations.
Source-based method is used to solve the energy equation, and the momentum equations are solved in the
liquid domain with SIMPLER algorithm. Using a laser beam with a top-hat heat flux distribution, this study is
performed to examine the effect of surface deformation, beam power density and surface tension force on the
molten pool during laser melting. Surface temperature decreases with increasing surface deformation, while
surface velocity increases. It is found that surface deformation, beam power density and surface tension force
have a very significant effect on heat transfer and fluid flow during laser melting.
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Table 1 Property values of steel®

Variable Value Variable Value
T, 1523K C, 753 J/(kg K)
V4 7200 keg/m’ k, 15.48 W/(mK)
K 31.39 W/(mK) u 0.006 (N's)/m?’
i 2.47x10° J/kg q 8x107 W/m?
o I mm m
T 1723K o7 -10"° N/(mK)
T, 303.7K -10° NAmK)

Process Parameters

Pr 0.292
65.6 [-10°N/A(mK)] , 656 [-10°N/(mK)] ,
6560 [~107 NAmK)]
Ste 3.717
15.755[8x10" W/m*], 22.648[1.15x10° W/m?],
29.541[1.5%10° W/m®]

R, lor]

B, [¢"]

Table 2 Grid refinement studies with the flat free
surface (D=0)

R Grid number Present results

’ (rxz) Width Depth
51x41 0.92 0.19

6560 61x41 0.94 0.19
61x51 0.94 0.18

51x41 0.88 0.21

65.6 61x41 09 023
61x51 09 0.25
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Table 3 Comparison of the present results with those of
Ravindran et al.”’

Present results Ravindran et al.*”’
RU
Width Depth Width Depth
6560 0.94 0.18 0.96 0.19
656 0.94 0.25 091 024
65.6 0.9 0.25 0.9 0.27
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Fig. 2 Comparison of the present results(line) with those
of Ravindran et al.”(symbol)
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Table 4 Effect of surface shape on the molten pool with

R, =65.6 and B/=15.755
Melt | Melt | Stream function minima,
M | D | yidih | depth Vein M.AR
0o 09 |02 -0.0025 36
0.1 | 086 | 016 -0.0094 54
1
02| 083 | 012 -0.0121 69
14 - —_
., Bx15.785
., Bs22.648
12 - . BF29.541

3, B=15.755
0.3, B=22.648 ;
0.3, Bx29.541 !
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Fig. 5 (a) Free surface temperature and (b) velocity
distributions with R =656 , M=1.5 for

various values of B, and D
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Table 5 Effect of B,
R =656 and M=15

on the molten pool with

Melt Melt Stream function
B
4 Dl width | depth minima, ¥, M.AR
0 09 0.25 -0.0025 36
15.755
03 0.75 0.11 -0.0039 6.8
0 1.01 0.46 -0.0162 22
22.648
03 0.94 02 -0.0446 47
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Table 6 Effect of R on the molten pool with
B, =15755 and M=15

Melt | Melt Stream function
R D | width depth minima, M.AR
0 09 | 025 -0.0025 36
65.6
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03] 078 | 0.06 -0.0041 13
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