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Multr phase field simulation of
unidirectional solidification for binary eutectic alloys
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Abstract: The unidirectional solidification process of a binary eutectic model alloy at low Peclet number was simu-
lated by multr phase field method together with moving box algorithm. The selection mechanism of lamellar spacing
was also studied. The simulation results show that, when the initial lamellar spacing is smaller than that under the
minimal undercooling theory, to restabilize the lamellae growth, the annihilation of lamellae occurs; on the contra-
ry, new phase at the top of lamellae nucleates. Moreover, the eutectic period-preserving oscillatory instability (1A
oscillatory) is recurred, which results from the solute redistribution and the volume adjustment of two eutectic pha-

Ses.

Key words: multi phase field method; unidirectional solidification; binary eutectic

XF R B ou R e, ST E A

EHHLZMMERER I SE . RN T #3555

BRI AR RS Z TTE RGN 23) bt
AREEERERI A A TR kg E
NS HBARR S HRE SRR B HEE, PSR
PR RN T — @ BRI, BT RAREM A —

=

AR AT EER S mE/ SRRt R
i 6] BEE R R 3 0 2 A R IR AR K N AE R A
—HRLBHER SRR R AR .

BT RO I B R I AT R D A vk T 2 AR
ARYEA ISR 8 o< 1 B S A T R,

© HEEWH:
W H 39
YEH S
MWINAER

K E AR E 4 B8 B0 H (50271057)
2004~ 12~ 22; &iTHH#H: 200505~ 25
KMEF=(1978 ), B, WLBFIUAE.

ANEEGR, BT E B QAT BN S B0 RN,
HAEME S T A s fE, 8 % T 8 5
IR 4 e ] o R S P R [/ R T S B BT R
(I VR 3, D ELRLAIT S b S T A T oK F) 2 2% Rt
FRERAL T U7 . 1994 £E, FEHAH —Jnd AR

SRR % 029-88486067; 15 E: 029-88492374; E-mail: zhuyaocan1978@ yahoo. com. cn



FASHHETH

A=, A InIL A E B ) 2 AR A S E R

* 1027 -

EEAl b, Karma' ™ EESIANBESFEF S 5K
X oAbl aAHA BAH, AL T A2 AR,
HJ5, Wheeler % 5\ FiIHH5 )7 S &R X 4 3
i o AHAT BAH, BAL TS 2 MEGTTIER 2 Y
B, O TAEAR IR R BE — At N T 22 Jn 2 A
RYE, Steinbach 55" 1 H N H £ A AH I SO Y.
RGN, A T2 BAEKKZ M
A BT XM, Nestler 5 Wheeler! ™ &7
THNFE—BY SR Z IR, 5 — Rk
MR Z TE HARGAHRRME T — MEARRINESE, B
A FHIER R — AP XL R 5E 1t b 7
PRSI0 25 I . Bilt, Folch™ MHIE R4 H H
et A, DA ot gk [ [/ & A TR0 b B R, A
T AT N T 2 MR, (63 f 2 A
Yy & AR A AT RE .

ACAEE B AL 2 AR — oot g Y
A IE Mg AR, B I g S B
&) AT A BL A2 1) B BEA L, <€ P st
REFBEREKEEMS.

1 A

NS a3 B B 2 A AR, 51
ZHBMETFSEp= (p1, p2, p3), p1, p2 Mps
a3 N N A o BEAR L BRFAR 4, Rtk
ERFRAERRE Y= 1, i= o B L.

2 —3[1) Floch 2 HIHE A E A /N Pelect $ 4%
PR I3 o B E LR, . Ginzburg-Landau J%
B B HEEE R
F=0.5W>2,1 Vpil®+ Xpi(l-p)’+
AD&i(p)[Bi(T)- WM,] (1)

gi(p) = pi[15(1= pi)(1+ pi= (pi— p;)’)+
pi(9pi- 5)]/4

c= (C- Ce)/ AC

AC = Cs- Cq

B= ¢- Z4i(T)pi

L WARHEESE; M SN
B mi ABAHZERIE; Co, Co 43 39 FHTAH B
I S R R o AHRT B AR

A1) AL 1B T RECS IR, 52
Tk F6 = AP AT I = B3 RE, e —DURBLT &
G PATIRAS IR ES, H R T 35 ARAR #0722 0K 5

77 . Floch Z AR )« TRE N F” M B it T
FCRAR R B R B, S B A AR Y
B LG5 FAR I T AR EAE U 8 il S ) L —
MEHTH,

AR SCHERE SR BAR R AR — oSt A & A
B, /N Peclet 44T, 7oL Buor ab s 3t f il
FREE 5 EAHZPAT, LT3 A2 B A0 B 0
HLoeH R, (R B AR I T A AH B ARAR
THSRRE NFEHERTFRARE B, il
ZBREEGEN. RIEZHGBEI A, m. =
—ms, Ai= ¢(Ci), Bi(T)= ci(T- Te)/(m:iAC),
i= o B,Bi(T) HRILT FH IR MFHH % . 1R
oA mRe s R BOE R, 4Gy s ) %RIER
(2), [/ ST A R 2 K 3 7 S [ AH B
Reze, DAk, —MHERE A= Bu= 01EASH

T A2 FR G0 B EH B B TR 3 Rl A2 ) 2 4% AR A
WE 1% IR A

FAR 3l B 2
X THMEE R

VT35 7 R AR 8 i~ 1 A

%: DV (pL VW (3)
X D WA Y BORE . BT EART BRE
TNTRARYT RS Do, BT B RS Ds=
0. J7RE(2) M (3) #1217 [R] £ #L04 Floch 24
8775 BitIN

2 PR

2.1 TENEASH
WHBAKE 4 W2 EZERE, H55h %
FH T I R 2 R, AR S RO RN, 7
AT R 2 ARSI .
25 ) 5T 43 420 e MBS B S Y
SRR A:
W

di = - = q B 4
o 50 (4)

fi T AW .

=Y 4w D =0

(5)
XF d ABAKE;, B s 1= R2E; W
ar= 213, ax= 1.175, ZWa/I Peclet Bk &1L T
KIS Bh S %, B= B= 0, FRAEGHARAH B 41t



* 1028 -

T EA e E R

2005 7 H

T, afff BT, F, do= ds, Aa= As,
T= T,

5 SCHS IR AR B
vﬂp (6)
X D WA Y HREG v, N AR AL

la =

PHFIEY B
. (7
X G HEEME.

AT AT, [v= 4la, la= 1800d . 445
EVITEE RS FH BR8N i 2 18] BR 1
EbfH A= X hu, WIS B W(ERAEEESEH), K
JME— A AR N S5, AR ARAE 45 SRS T 42
T, Ak ¥W= 64, SR (4) A5 HE
TENYHESH .

E X F 5 Peclet 21

A

Pu= 7 (8)
B, Paioc J¥la, ST A= 1, Peu= 0. 064, Fk
FT i BRI HE 2 5055 & /D Peclet $0F 1 5E [7) Bk [
B .

Ir =

2.2 WHIE
BRVHE B T DU s S N e AT Al 11
2
Nev= NoNi~ n2L (9)

Vd’®
X Ny B EX M, EERT X/d?; N
JIEAREL, FET Lo/ V; n MBI RS . R
SIS R ZE R B S AR, 2 8] B HCR A
1 42 SIS =50 S W 1 e 7 9 3 Wl T TR 1
P, Laplace 57K L sk 3K DL KRR vk
NIRRT SR R L Rk DT S, AN SCHR
1) FIA(2) KEZ A0, DO 5 X s
17K
2) ¥ 5137 73 F2( 3) A AE VAR X % [l / 8 5 T P =K
fi#t .
3) FEPRAETHE 45 RIS & T, Mk RSFR
HIUK, ACH A= 0.8W .
4) HF AR E N — A iEg, FEik N
R sh & Sk my LUK [/ 9 S T R 2 R B
DX AN, AR H I D V1 5 X 5k R A 5 Ny, TR AT
DLk 4 3 F 32 2 AR A HE DL S7 R 5 34 AR
PRI 9

3 iRkEiHe

SR (3L it s 1) 5 ] 2H 2% e ) S A R A
a AHAN B AR i, AR TS ) 5 40 AR AT
FE T/ A, Wl 1R, BPEEHER o
M, RO B, dTxFRdE, X5 E— AN AL
JEFrIRIBE . B e BEAT, AR I/ 95 T A
MR T B, HATH R T RSN E &R T
B W B A, Bt Rk o AR [/ 5 TH AT A
M A0 DX 85K, RIS, B AT ]/ Y0 T T o 8 S 5
TRENESERET A KLFE, BRI, B
R/ IR TR e K (L X 8 . W B AR A 7
T BAHRAK, AR, AR T A BB Y
WA a AHIAE SR B T RIMIIAEE, TERT o AHAN
BAHMY B & AR . B 2 o St i/ 9 5 T K
VRIS B, BT R BT R 1 B
[/ WA R . B BRI OR, R R IRECE
B WA E A5 T 0,460 HHEIRFHR 53]
(IR AR TR IR 25 0. SN W& . 3k 5 &/ | 5t
AT, H TR UL AR TE R s 3 & 4 5 T it
FEAR T AL R, X BT 2l BE P A BT 3R A5 ) SR 50
TR THEFE AT )R RN, T OREFF <5
B, RN T Ve T B AN A,
TR T T/ 5T RS o

K1 3Ry
Fig. 1 Eutectic diffusion field
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Fig. 3 Spacing adjustment by lamellae annihilation ( A= 0. 632)
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oscillatory instability ( A= 2. 499)
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