58 2009 6

Vol.58 Special June 2009

1000-3290/2009/58 /S104-08 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
*
127 1 1 1
1 110016
2 150040
2009 3 12 2009 4 21
A
A
A
A
PACC 6125M 0650M
" Arnberg
1.
9 A
A
A
2.
1—s
7—9
.Ni
’ 9
Andreas 8 a(flpl)+v' (fuolul) =M,
[C)
a(falob)'l'v (fslosus) = Mls
9 10 ‘01 ‘05 ﬁ fs
- - u u,
* 20080431162 KGCXZ-YW-206

F E-mail hlgldr@126. com



S 105

Ml Mls

s|

%(fl(olul) + V. (fuozul X u)

=-fiVP + V- [fllll Ve, +f1/11(v' ”1)1‘]

+f1{01[ﬂ'r( ™ - T)+ ‘8(,( ™ - Cl)] g
+ Uy 3

g(ﬂpsus) +V- (fipu, @ u,)

=—f VP4V [fip. Vo u, + fipu (V- u)']

+f.(o. - p) g + U, 4
p M Ms 8
Uls Usl
Be  Br
cref Tref ¢

%(flplcl) + V. (flP]ulcl)

=V. [f‘][OID| V. C|]+ Csl 5
%(ﬂpscsh V- (fip.u.c.)
=v' [f%pst v cs] + Cls 6
Cq Cls Csl
D, D.

5[ (fipr + fop.) H]

+ V. [ (ﬁplcllealul + fs(oschealus) T + f1,01u1AH]

=AV- (V- T) 7
Cheat A T H
AH .
H — ﬂ{oscheatT + ﬁ(olchealT + ﬁ[OlAH 8
her + fp. '
3 4 /l] I[ls
. 9 12
#mix :/’ll(l _fs/ﬂ)_ZSf: 9
-2.5/;
/xs:% (1—%) —(1-7) 10
/s
9
N

Ul Us]
‘d K
d, K
13
LA '
nw
K =- e 12
d: f;
n 9
204V (un)=N 13
ot
N
13
dAT T ax 1 (AT—ATmm)Z]
N = Xp -
L/ 2nAT, 2 AT,
14
AT, AT,..
AT n"]i\x
3.
1 — 14 .
SOLA-VOF  solution algorithm-volume of
fluid
10°*
4.
4.1.
Fe-0.45wt% C
30 ecm x 80
cm
500 W/ m’K
298 K 1796 K 50 K
0.01 s
1 1 k m,



S106 58
1 1 a
oi/kg m~3 7060.0 1b
os/kg m™3 7460.0
Chea!¥ kg 'K 715.0 0.54
AW m™ K 35.0 0.5 1
AH/K} kg™! 30.9 ¢
m/Pa s 4.2%107? 0.31
Dy/m? 57! 2.0x107° 0.81 A 0.7
Dy/m* 7! 2.0x 1071 0.78. 2 a
Be 0.0416
Br/K™! 8.85x 107" 2b 0.44
k 0.34 0.447
m/K -78.0 0.452 0.45 .
T./K 1781.1 2c \
Axlem 0.4 0.4 0.67
Mg/ em™> 36000.0 A 0.46 .
AT/ K 5.0
AT,/K 2.0
4.2.
1 2 1ec 2 ¢ A
7460 kg m™> A
1 2
8u 80
(@) (b
4 ti4
44
g g g
2 ¢ g

34

|6

al05s b305s ¢ 1055s




S107

»iem

4.3.

¥iem

80

64
&45L“——‘1r

)
u
45 [ |
5
L]
3
~
32

044

v/iem

x/em

J. 0.30.637 0.8

80 TTTE 7 - 80
: (a)
0.,
BB
|
48
|
£
(%]
P
=
RN
16 'i'

0

R — e

o t.-—--— e

8

16
x/cm

¥iem

5

24

aff=0.3 b f£=0.637

Se A
0.63 0.70 0.75
0.38 0.31 0.29

¢ f£=0.8




58

S108

4.4.

7200 7460

7860 kg m™*

5

0.637.

0.74 0.81 0.82

0.37

0.31 0.28 .

40

16 cm

A

7460 kg m™*
355 s
cm

0.6 0.8
/s
i

0.4

0.2

0.0

0.05

0.04

-

1 1
o) ™
S S
=] S

S

- W0 / Xtz

0.01

0.00
4
/.

0.63 0.7 0.75

x/cm

x/cm

xfem

7860 kg m~3

c

7460 kg m~3

b

7200 kg m~3



S109

¥/em

355 s

yiem

80

0.47

64 -

(b}

0.45 .

a0

&1

¥iem

Q B 16 a4

x/em

7460 kg m™® ¢

Fe-0.45C-0.25i-

0.51Mn- <0.02 S- <0.02 P. 7 a

7460 kg m~’

7b
0.637
7 a b

¥/icm




S110 58
b
8 8
A
1 cm
A
14 A
0.60 0.75
Ml @ I (®
u \ I
0.55 O HEgR
- 0.65 N
/ n —s— AR O BMER
£ ] 9 L —a— AR
2 0.50 F 0 b us
~ U 3
& / © 0 > 0.55 fun
= & w "
5 045 jmlt 2 o' "
gy 0.45 B ro o Ol o
B o By " 0 "0 o o
Ch.. B 0.45 = "ng,
Smg
0.40 L Tay
n "ia
n B
[ ] 0.35
0. 35 L L L 1 L L L L 1 I 1 1 1 I
0 4 8 12 16 0 4 8 12 16
BE®/cm BERE/om
E] ; a -
A
Fe-0.45wt% C
A
A
1 Gouttebroze S Bellet M Combeau H 2007 C. R. Mecanique 335 8 WuM H Andreas L. Andreas B P 2003 Int. J. Heat Mass
269 Transfer 46 2819
2 Jinho L Kyunho L Jinho M 2005 ISIJ In:. 45 1151 9 WuM H Andreas L 2006 Metall . Trans. A 37 1613
3 Ahmad N Combeau H Desbiolles J L. 1998 Metall . Trans. A 29 10 WangTM YaoS Zhu X G 2006 Acta Metall . Sin. 42 584
617 11 Ma C W Shen H F 2004 Chin. J. Mater. Res. 18 232
4 Reddy AV Beckermann C 1997 Metall . Trans. B 28 479 12 NiJ Beckermann C 1991 Metall . Trans. B 22 349
5 Rousset P Rappaz M Hannart B 1995 Metall . Trans. A 26 2349 13 Gandin C A Schaefer R J Rappaz M 1996 Acta Mater . 44 3339
6 Ni J Inprocera F P 1995 Int. J. Heat Mass Transfer 38 1285 14  Rady M A Satyamurty V'V Mohanty A K 1997 Metall . Trans. B
7 Andreas . Wu M H 2002 Metall . Trans. A 33 3673 28 943


Absent Image
File: 0


S111

Modelling of macrosegregation in large steel ingot with
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Abstract

Based on the Eulerian and the volume averaging methods a mathematical model of macrosegregation formation with
considering solid movement during solidification of large steel ingot is developed. The cases with and without solid movement are
studied and compared. The result shows that the A segregation band results from a narrow channel that forms around the position
where the solidified shell in the horizontal direction meets the one in the vertical direction which serves as a barrier to the fluid
flow leading to the accumulation of solute. Effects of critical solid fraction and density of solid on evolution of macrosegregation
are investigated. The results indicate that both the positive segregation in the A segregation band and the bottom negative
segregation become more pronounced with the critical solid fraction increasing. As the density of solid increases stronger
macrosegregations occur at the upper and bottom parts of the ingot. However the length of A segregation band is not increased
with density of solid. Calculated results show good agreement with experimental ones except a larger bottom negative segregation

zone .
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