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Numerical Simulation on Solidification Microstructure of K4169 Superalloy Turbine

Casing under Different Casting Processes
Guo Zhao', Qin Rong', Ma Xin', Li Wen*, Xu Qian®
(1.AECC South Industry Co., Ltd.; 2.State Key Laboratory of Material Processing and Die &
Mould Technology, Huazhong University of Science and Technology;
3.School of Mechanical Engineering, Wuhan Polytechnic University)
Abstract: Numerical simulation analysis was conducted on solute diffusion and grain coupling eutectic growth
processes of solidification dendrites of K4169 superalloy casting under different casting processes, and simulation
results are consistent with the experimental results. The results indicate that as the cooling rate increases, the
growth rate of dendrites is greater than solute diffusion rate, leading to the remaining liquid solute concentration
around the dendrites remaining at a relatively low level in the later stage of growth. Under the action of refining a-
gents, large amounts of nucleation are genereated during the solidification process, resulting in less solute dis-
charged into the liquid phase, and a lower concentration of residual liquid phase solute in the later stage of grain
growth. The concentration of solid phase solute after solidification is also lower with fewer areas where eutectic
reactions occur, inhibiting the quantities of precipitated phases in the later stage of solidification.
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Tab.2 Equivalent thermophysical parameters and solidification
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Solute field distribution of single grain and multi grain dendritic growth under different cooling rates
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Fig.2 Solid solute concentration distribution under

different maximum bases for nucleation
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Fig.3 Grain orientation distribution under different

maximum bases for nucleation
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Fig.4 Eutectic content distribution under different

maximum bases for nucleation
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Fig.5 Metallographic structure of casting specimens

under different processes
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Fig.6 SEM images of casting specimens under

different processes

3 4 ®
(1) R T 6 8 21 U0, 7 B X R TRl B 3 25 R 1
i A B [ 20 2 AT 20 A S D s 38 X L 20 A AL 2
R ER—E
(2) 24V ) A3 I B AR K R KT I i
P HCHE 2 AR AR A A LA B A 9 4% YRR U B vk
JE AT B DR AT AR K-
(3D A5 A4k A RE A2 32F 5 R T8 A% I B 25 70 41 95 [
Je S ATt A B R T 3R O IS 2 TR 8 B o 1 [ 2H 41
PEREITAL RIS %
s X X
(1] P i AR, E AR 18, 55 BE X 5 Nis ALK i 1R & 4 55 1R 1 3
WALR T MERE R W WF5E [T 1863 - 2023, 72(3): 310-314.
(2] EHFMINKM TR, 5 00E LTI N Al & il & 4414
PERERY S BFFE L) . % 3%, 2022, 71(11): 1 353-1 357.

[3] Wiz, fiaese, BE, . Mk A 4 CMSX-4 fil DD419 5§ 4% 1
ot AR TS LT ) s G F AR, 2022, 65(17): 74-80.

I

(4] a2 0L 450 1 10 4 2008 A8 1Y 10 0 i e 4840 43 AT
(10028 & Bhbl, 2022, 48(1): 121-126.

[5] PICHON L, DUBOIS J B, CHOLLET S, et al. Low temperature
nitriding behaviour of Nis Al-like ¥’ precipitates in nickel-based su-
peralloys[J]. Journal of Alloys and Compounds, 2019, 771. 176-
186.

(6] BkoK, M0, VF PR S AR LA B R A & v ML A 8 = 4
AR AEAUBTE FELT ] A5 R 538 B 55 42 2023, 43(1): 92-98.

[7] COTTURA M, APPOLAIRE B, FINEL A. ct al. Coupling the
phase field method for diffusive transformations with dislocation
density-based crystal plasticity: Application Ni-based superalloys
[J]. Journal of the Mechanics and Physics of Solids, 2016, 94
473-489.

(8] bk Wb K& W v T REIEA &R0 5%
BE AT R REAE R 7 L) ]G A & B AR5 DR, 2022, 51
(12): 4 519-4 526.

L9 BRZE A F a7 85 K 30, 55 B0 L 05 1 o A 4 55 Bl o T [ SO B R
BB A FR (D] 42 )8 2 4. 2019, 55(9) ¢ 1 145-1 159,

L100 s34 AT 25 Bk i A 4 W 1 1) T o Rt 2 IR S 5 500 A9 400
FIDL B A PRI, 2019,

(@1 @H)



