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Numerical Simulation on Directional Solidification Process of

DD6 Single Crystal Superalloy Thin-walled Specimen
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Abstract: For the difficulty in preparation of thin-walled specimen of DD6 single crystal superalloy,
the finite element model of thin-walled slab specimen was established to simulate the directional solidi-
fication process of investment casting thin-walled slab specimen using a numerical simulation software
ProCAST. The effects of specimen shape and solidification parameters on temperature field, tempera-
ture gradient field and mushy zone were investigated. The results show that temperature gradient at
the working end of the thin-walled slab specimen’s centre location ranges from 60°C /cm to 65°C /cm.
The solidus isotherm of mushy zone is relatively flat, but liquidus isotherm closed to furnace wall is
slightly lower than that far away from furnace wall. Geometrical shape has great effect on the direc-
tional solidification process of single crystal superalloy specimen. Increasing the pouring temperature
or decreasing the withdrawal rate helps to increase the temperature gradient in solid/liquid interface
front and reduce the mushy zone width. The numerical simulation results of the directional solidifica-
tion are consistent with that of the actual casting results. The solidification simulation can provide the
technical support for the preparation of thin-walled specimen.

Key words:single crystal superalloy;thin-walled specimen;directional solidification; numerical simula-
tion; DD6
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Fig.1 Thin-walled specimens of single crystal superalloy
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Fig. 3 Temperature distributions during directional solidification of thin-walled slab specimen
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Fig. 4 Temperature gradients of thin-walled slab specimen

during directional solidification

AU BE A B o pR AT L S BE RO A o T B [ O R
B TR T AR BE AN [R] . o, B A A A 1 B iy
U B2 BB BT B K TR B 500°C /em, Bl A5 B 25K ¥ 45 fi
i e E ARG T AR T T I L MR E T 4 ) T B AR
BEREZE 25~70°C/cm, #F AV BE B % R 5 08 19 1
U B e W B B R 2 . BE S TSN B L R
FRCEAC T FR I O i S RGBSR 3 i Y RE O A 1 R
JEE AR FE 3G K e TR i 38 A6 ) 3 DR AR AR
60~65°C /cm, {H K I 53 7228 4b i I B2 6 22 W) & B 2
1~10°C /em, [A]} , fy 3 BE AR 54 & B AL 5 K %
W Z 1B B AR — B LA K S 0 S ROR L fi A i RE AUE
TR T R A 9% kB e B8 R 22 R A0 £ Yl R
2.3 HMIRE

BATORG B T RE AROE R E [ B [ Ao R A FR A
RAR X B RSG5 RN 5 BT % . A B A R 4R B
3 R A U B AR R AR DX B RE AR A . MEE B
A7 R IR A 2 R R IX T B D Sl G B S g
RE MR T 320RE 2ok 8 B B IR DX i B . W RE AR T KR T
Sy 0 T ] 7 2 A0 R DX G R Bl AR AN AR B
L WRORE £ 0 AL A A BT RE — AT O e BE —
M . B A € In] BE 1 7 0 24T Wl BE AROE i A
A7 T A2 1] 5E [ 47 ¥ 20 XA L 1] 78 o B K L 7 T RE Al



18 KR TR 2014 4F 11 89
TE R g A 7 BE A %) T AE 2R 2 W . B AR £k B
Pmﬁgm 4 W BAE 3T BE — 0 A AR L A BE — ) 4 R T
130520 B A R A R A B T £ A £
1391.40 FESEA7 BRI 9 FE U ) o
1387.60
1383.80
1380.00 3 SwmEitig
1376.20
1372.40
1368.60 3.1 EEZEEIENZHEZER
gg‘l‘zg 3.1.1  JLfIEAR
=135720 ST LA T R % B4t 28 T 4 S 1l 06 i 3o 2 4
I~ RO ST BB B AR OB R 4 B R
1345.80 WRBGIRFE M EAE R 2 o) BE [ T2 2840 T AR
°c1342'00 JUAR] T R4 A L B o 52 3 55 MR X, LA 28 SR ]

5 st e B R B T R AR AR A 1) B (8] 2o AR AR X R

Fig. 5 Mushy zone of thin-walled slab specimen

during directional solidification
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