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Numerical simulation of phase transition process of laser
drilling on GH4037 nickel-based superalloy

WANG Qigi, REN Naifei, REN Xudong
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to study the phase transformation process of laser drilling more accurately, based on the theories of fluid
heat transfer and fluid mechanics, a phase transition model of laser drilling on GH4037 nickel-based superalloy was established.
In the model, the effect of gravity, viscous force, recoil pressure, solid-liquid phase transition and liquid-gas phase transition
process were considered, and the temperature field and velocity field of laser drilling phase transition process were obtained by
numerical calculation. The results show that, the reaction pressure of the gasification material can accelerate the flow of the

molten pool. When the laser power is 2000W and the pulse width is 1. 70ms, the maximum evaporation rate of the material can
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reach 250m/s. This model provides a theoretical basis for further research on laser drilling.
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Fig. 1 Schematic diagram of mesh division
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Table 1  Physical properties of air

7K L',,/(J'kgil K" k/(W-em- 'K') w/(Pa-s)
300 1.005 x 10° 0. 0262 1.983 x107°
500 1.029 x 10° 0. 0403 2.671x107°
1000 1.141 x10° 0.0675 4.152 %1073
1500 1.230 x 10° 0.0946 5.400 x 10 73
2000 1.338 x10° 0. 1240 6.500 x 10 =3
2500 1.688 x 10° 0.1750 7.670 x 10 =3

WEIELE AL s U p l iy DL 2R3 0
p=p-M(a-T) (7)

o, 2SS EE R T M =0. 0289kg/mol , 38 FH S 1A %X
a=8.314)/(mol + K) ,

GHAO3T Sk g i A4 G ORI ™ i 2 s
Table 2 Physical properties of GH4037 Nickel-based superalloy

propertiy value
specific heat of solid phase c, 440J)/ (kg - K)
thermal conductivity of solid phase &, 13.8W/(m - K)
thermal conductivity of melting phase «,, 23.9W/(m - K)
dynamic viscosity u 0.006Pa - s
latent heat of melting H,, 296kJ/kg
latent heat of vaporization H, 6423k])/kg
melting temperature T, 1585K
vaporization temperature T 3005K

R FHAF BRI AL BB RHE A A AL 1 R AR AZ
VRS0, S R TR Ak A

¢, =c,, + (I;:)H((T— T.),AT) +

8, H, + ([;:’)H((T— T.),AT) +8.H,  (8)
5. = exp[ - (ZT—NT&) /AT?] (9)
5. = exp[ - (i;/T%)Z/ATZJ (10)
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Fig.2 Density of GH4037 Nickel-based superalloy after smoothing
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Fig.3 Simulation results of temperature field

a—1=0.80ms b—i=1.20ms c¢—¢=1.60ms d—¢=1.70ms



FA2E Fol)

FHIE GHA037 S50 2 R A A O TT FLAR S 1 AR B A 767

2.2 FEEIGEBER

Pl da ] 4b 73 51 DA J b 25 T 0 1t 9 PR AS TR £
B () B REShE R . A 4a ATLLFE H f i
o DX AL B3 3 R 74 i (1 7K P U B0 A A
18, PR shid R d i o 1. Tm/s, AL 4b T RUE
H 2 AT ) 7K SRR R AP AR

1.7F
L6 2

B — (0.05,0.99)
E 14 e (0.10,0.99)
= 140 —- (0.15,0.99)
sl —(020,0.99) |
£ 1.0 I
2 osf i
[5) L

Z 06}

£ 04f

g 02}

g 0.0L 4]
= 0.0 0.5 1.0 1.5

time/ms

% 340b £ (0.05,0.80) |
E 20t e (0.05,0.85)
= L8 —-(0.05,0.90) |
z 1o —(0.05,0.95)
13

[5) LOF

i |
I /
2 0:%'0 T 1o Ts

. . time/ms' ’

Fig.4 Horizontal flow velocity of molten pool
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Fig.5 Vertical flow velocity at the surface of molten pool
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Fig. 6 Pressure at the surface of molten pool
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Fig.7 Simulation results of vertical field

a—t=1.60ms b—t=1.64ms c¢—t=1.66ms d—t=1.70ms
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