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Abstract: Aiming at the existing weakness of high rate solidification (HRS) equipment, the central heating system
and the bottom water cooling system were integrated, and the heating and cooling mode was modified based on o-
riginal HRS furnace to design a new large-module high-efficiency single crystal blade growth equipment. The
commercial modeling software UG and the finite element simulation software ProCAST were utilized to investi-
gate the temperature field evolution and grain growth of the spiral crystal selector of the novel single crystal fur-
nace during directional solidification process. The results indicate that the new equipment can significantly im-
prove the temperature gradient and stability at the front of the solid-liquid interface, effectively solve the problem
of shadow effect in the growth process of single crystal casting, and reduce the casting defects of blade, improving
the quality of single crystal and the qualification rate of blade.
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Fig.2 Schematic diagram of directional solidification furnace
FEXF B HRS 7€ 1] B [ 34 A7 78 1Y 355 2610, A
PRAETE AL 58 HRS 35 B U 25 1 BRal b  AR 48 2 1] BE [
HOR B HEAS S B B 1 v fin B R G RIS K V8 HICHA
RGBT Ao R R AR KA R R
RO HE I A B8 R BIAAR S DU/ 5 A2 S 0 s PN 0 R S
R FAAA BN 22 T 7 3 32 2 S, 8 8 1) O 1 5 R o R
JE A B AAS E kDR S RN I SE R . SR T i A R
fn T AR KB A AT AT Pk B T B AR K R IR
JIE I i i U B2 7 1 A R R AR R AR L B P A AR
TR S8 6] 5 [ o [ ok A v 3R 3 R ok A K AR

1 REMH L&

[25]

L1 EmEEEETENER

A UG $pf Sz = 2 B fy o R P O B AR L R
ProCAST H{F A DU 1) B8 1 ot 75 Hh R e i ot 45 o JEE 4
93 Al 2 B 4 ORI R A L A R AR R
T HR AR 300 5 25 P R R T P 4 e U AR 40 S5 B 0 i 45
HBEAT S FRME IE o PR3 00 35 =S L A M 1 B

() J2 3% W Ao kit (b) 3 5% M A% %) 2
B3 AZELPREFZEREREXN S TER
Fig.3 Meshing of vacuum single crystal furnace,

casting and single crystal rod



SE 111 35 [ RS 2L R 0 o i i BE S A AR 2R SRR 4%

e A R A R BT . AT DL R P il R R A AR
P B A A K PRI A S B X (A,
THHX (BY FMIE 2% (C) 5 1) B [ 3 7 op s bk
DRI B DX G BE 43 S B D 1500 C AT 600
C,HE=EN20 C, HabERERN 1500 C,mEE
R 10 min, B4 2L 5 mm/min (%) 38 B 4R 0L .

1.2 #E#SHIER

I A 4 fl S5 TG 22 8] £ % AR B O 500 W/ (m?
KO P PR IR 5 2 1T 22 (1] 119 4 55 56 (e i 33 g 81 52 {1
G I R  dA V H EE R  BR AR DR R B BOE
I B TR BEE X PR AT R PR R R
FEREZ 1] 14 5 T 5 T 3 B PRLE B2 3 L O 5 S L R
ZORXTH . HRIBUA R SR E Y — 8. faS R
To A A 5KV B AL AR AR Koy ) A R A 300 A
1000 W/(m* « KD, Ak i b A F 8L 52 3K 1T =2 [ f)
FRar R 1,

®1 RUEBHESE
Tab.1 Optimized emissivity

W/ C €

20 0.95

1 000 0.90

1200 0.85

1 400 0.75

1 600 0.60

gf‘ﬁgf Sz g S ss S5 . 5ok A sl sy

B LAV [ B ] o P o R R R R T A

& ey

(a) 0 (b) 300 s
5 $400 mm KA H K B2 % A2

2 RBEERLHH

21 EEARRABRERRERIENEEREL
MIERITAH

[ 4 g $400 mm 7K ¥ S AL = 24 B0 K RO
X B, ATUEH . SEFRFEAN 6163 mmGILE
6 A UEUE I fh 2 ) FI 160 mm CBCE 9 AN BEE 2 &)
B KV SRR L+ 400 mm 7K £ RTCE 24 A TR
FRUST T R e 32 s % Ilﬂ: 5EA B AN 7E KRB
O T i i A R 4 2L ROR AT R R 250 % ~
400% ,

i R

(a) =43t
B4 $400 mm KA f KA Z AR 5 R A5 %] 4

Fig.4 3D modeling and mesh generation of large module

(b) M A% %

water-cooled disk with $400 mm
$400 mm 7K & B KA L 7E A2 ] 5 [ 1 F% rp 12 e
il BT E 3743 A DL 5. 0,300,600 s 43 51 4 01 46 By
Bt TF UGB B B RN o8 4 B [ B B 3k i A I R 5 Y v
fListe.
FE ] B [ 3 A P, $400 mm 7K ¥ B K8 2 48 g i
mm g AR R AE K AT UL IR 6 . Bl 6an] D L 3 ) 8,
BT
15200
I 14200
13200
= 12200
11200
10200
920.0
820.0
720.0
620.0
520.0
420.0
320.0
220.0

120.0
20.0

(c) 600 s

/é: '% é"] /‘9 1%

Fig.5 Temperature field evolution of large module water-cooled disk with $400 mm
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Fig.6 Grain selection of large module water-cooled disk with ¢400 mm
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Fig.7 3D modeling and mesh generation of large module
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Fig.8 Temperature field evolution of large module graphite heater with central cylinder
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