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Numerical Simulation of Unsteady Temperature Field for
Ag-28Cu Alloy in Continuous Casting
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Abstract: The Mile (Mixed Lagrangian Eulerian) algorithm of procast software was used to simulate the
process of unsteady temperature field for Ag-28Cu alloy in continuous casting. The change of the
temperature field distribution, solidification rate and the temperature gradient of the solidification front
was studied on different pulling speed, degree of superheat and heat transfer coefficient. Simulation results
show that the larger the drawing speed is, the faster the solidification rate of the central region is, the
smaller the temperature gradient is. A change in heat transfer coefficient has no effect on solidification rate
in the area near casting surface. But in the area near the center of the casting, the solidification rate starts to
increase substantially along with the increase of heat transfer coefficient. During the solidification process,
the larger the heat transfer coefficient is, the greater the temperature gradient is. With the rise of pouring
temperature, a vibrating increase of the solidification rates occurs while the temperature gradient of
solidification front decreases in the way of vibrating.

Key words: metal materials; continuous casting; solidification rate; temperature gradient

Ag-28Cu G R MBEIL G, BARIFK BRI AR 3 & 2 P R ER SR . Zhao
TAE. BEHMERGUEIEE, RN R TR S ACUR B I Al AR T T R R A B X
Bz —, MRRZEH LS ALRERIN SR, Ag-28Cu S&REHANTM. H, X RHER
1 Park S NSRS EIEE T 7 Ag-28Cu B4l vAHI4E Ag-28Cu & 4Bt I R i B S R AL R T

Wekii H#: 2015-01-29

FEETH: EEKEAREEEESTH (51164015), =P E A4 H (2011FA026), H BRI K L 1i(2011CF012).
FAEH: B, 5, WL, BHRU5m: BEEBAUAT 5. E-mail: yang_yunfeng@yeah.net

SEWAEF: W B, 5, R, BERUTI: i&EM R4 . E-mail: powder@ipm.com.cn



38 e R 36 &
HARD . BTS2 WIS RS LE s o
A3 A A AR A SR T S B 4, T SR T BT H(T)=[[C (T)dT + L(- 1) 4)

B P IR SR E S 2 . (LIS
R RSB B B RER R A AE NARRR B AR
AR E RS RSN, Had B &R 5 shbr B T
SSHRE LTI A

AICKH Mile(Mixed Lagrangian-Eulerian) 5%
XF Ag-28Cu & 4 I B AR R B I AR AR AR AL
WEREREAT TR, BITST T ASRIRE L e AR M
FHO AR B 7 A+ o ] AN g ] T T AR
JEAAL IR TN o

1 AEREE L

L1 =57

RS R = dEbE SR E LR, oL
TIF PR, SEMAEE KRR RN
JEE/IHIREm, R R IMAE I, PIET
475 RIS FE TR DX R LR DX, Fe sl A

(1) JRESETTE
op  0(pu) 3(pv) O(pw) _, 1)
ot ox oy 0z

(2) shESFETE

Eal+£(ual+val+wal):

fiot fP ox Oy 0z

oP 0| u ou 0| u ou O u ou u
R e rr e e
(3) REESFEITRE

6H+ aH( 6T+ oT
R P
P P or ox

ot Oy
2 (4, )24, ) 21, )
Ox ox) Oy oy ) Oz 0z

oT
—)=

————r
|=: ¥
o

Ci = ==
===
—— $
Zero thickness

A1
Fig.1 The principle of Mile algorithm
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Tab.1 Physical parameters of Ag-28Cu c alloy for calculation

ZH Kl

R p, kg/m® 10*

HRIRE T, C 779

TR kr » W/(mK) 352

BRI L, (K/kg) -166.4

WAL C,, kg K) 32
P HARE o, m's 5.4346x10°
P E Dy mYs 2.42x107

iELEE O, J/mol 48886
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Fig.2 Griding of computational domain
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Fig.4 The distribution results of temperature field on solidification process starts with different time
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Fig.5 Statistical simulation results of temperature field in continuous casting.

[(a). Location distribution of temperature measuring points;  (b). The diagram of solidification cooling curve]
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Fig.6 Cooling curve (a~c) and solidification rate curve under different drawing speed(d)
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Fig.8 Cooling curve (a~c) and solidification rate curve under different heat transfer coefficient (d)
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Fig.10 Cooling curve (a~c) and solidification rate curve under different pouring temperature(d)

M 10 TTLAE H, $ e i 5 B s v] LA
RERES A A BE I RN, TR EL
PO A 2 3L 0 ST R R (R A, ZEAR R R
AR T, HIAERCRRE AR, B DU Rk
s WS T B A RNR AT R R K . 7R 1T
BB, BEGSIIR LRI, B 58 4 Bk E BT 75 i [A]
35109 0767, 1.10 A1 1.03 s. & 10(d) AR FBEER
JE T e RS A2k, AR 2 E T (|
T, BEATAE INONIEE [ B 11 P e A R A, 810°C
SN 850°C ok AT B ASIRAS . FEREAFRT 172 B
BUREEIL 5 p 0B B, 850°C 2% Rt R i K,
830°C MR, 810°C 5k M fe/IN: AL S 3/4 T EX,
B R AT S BRSO R . AR BRI
AT R [T el AR AR B e b ik,
H53 38 10417, 13.254, 15.625 mm/s.

B 11 A [T I P 25 I Wt ] i s R TR FEE A
[ER AR

HHIE 11 FTRAE Y, IR BRI AR 5 R
Heo B INRAFTEAS B . B FRT 172 BB 810

CHAFREREE R, 850°C ok TifE 172 B
Bt 850 C AR LI N, 810°C AT

—=— 7=810C
*— T=830C
—a— T=850C

Temperature gradient /(*C/mm)
o
T

Distance from side wall f/mm
B 11 AN FI BRI B 2 A T R IE] B R RS BE AR A i 2%
Fig.11 Curves of temperature gradient on the solidification

front under different pouring temperature

i LRTIR, BRI, [ 1/2~3/4 X
AR R R, AT SRR Ai; (HE R
PEIRTEER Sy, B BTV SRS R B, BT



44

536 &

AR A K, AR T 4 2 o
3 g6

(1) >RH Mile 5L Ag-28Cu it & 4 10
BEEEE AR, HBEREA R RS T S
BEAFMIEE R Ly, B R BT, RERE
2B

(2) TEMHFIZFAT, $EEdEss b2 KR
FE ARSI, B REHR B A O X S sk
[ P R, % [ IR o AR A
N -

(3) TEAHFIZAET, HEREREL Mkt R
OO ) 0 A ) S PR BRI LN o R T AR A 5
VB A T X IRIE A A AR, HEFEIRHE O X
i, T AT e b 4 B R BRI 46 K 5
Ko ERANEEEISFE, WA REOE, B AT
TR PR

(4) TEMFIZFMT, $EmEss s i v Ly
GBI A S . HLBE R R 2R G K,
R [ BTG PR o P S AR sk o

(5) HTARCH RN T4 A s BN
BREOSL, [RINHE ) Ag-28Cu &4 28R K
A AL NSRRI THRORE G A T — R RIS

SR
[1] Park E M, Song G A, Lee J K, et al. Effect of solubility

on strengthening of Ag-Cu ultrafine eutectic composites

[J]. Journal of Alloys and Compounds, 2011, 509(37):

[3]

[4]

[5]

[6]

[7]

9015-9018.
Zhao S, Li J, Liu L, et al. Eutectic growth from cellular to
dendritic form in the undercooled Ag-Cu eutectic alloy
melt[J]. of Crystal Growth, 2009, 311(5):
1387-1391.

Journal

Kattner U R. The thermodynamic modeling of multi-
component phase equilibria[J]. JOM, 1997, 49(12):
14-19.

Pesif, AW, SKEK, 5%, 5T 3D-CAFE %4 430
BRR A NELE S EIHTIT[T]. )82k, 2013,
49(10): 1234-1242.

Pang Ruipeng, Wang Fuming, Zhang Guogqing, et al.
Study of solidification thermal parameters of 430ferrite
stainless steel based on 3D-CAFE method[J]. Acta
Metallurgica Sinica, 2013, 49(10): 1234-1242.

Cagran C, Wilthan B, Pottlacher G. Enthalpy, heat of
fusion and specific electrical resistivity of pure silver,
pure copper and the binary Ag-28Cu alloy[J]. Thermo-
chimica Acta, 2006, 445(2): 104-110.

B E. Ag-28.1Cu-xSb JLff & &Ml Wt [D]. Lifg:
EHERSIE R, 2009.

Zhao S. Solidification of undercooled Ag-28.1Cu-xSb
eutectic  alloys[D].
University, 2009.
Alizadeh M, Jahromi A J, Abouali O. A new semi-

Shanghai: Shanghai Jiao Tong

analytical model for prediction of the strand surface
temperature in the continuous casting of steel in the mold

region[J]. ISIJ International, 2008, 48(2): 161-169.

K %k sk sk sk sk ok ok ok sk ok oskosk sk sk oskoskoskoskoskoskoskoskosk sk sk sk ok ok koskoskoskosk ook sk sk sk ok ok sk oskoskosk sk sk sk ok

[ B35 36 W]

[14] ARSI, R, dmE, 5 HA LBl AR K
o] % S A (0], B RURHECR 2 2 4R, 2007,
29(10): 1023-1026.

Du Zuojuan, Yang Tianzu, Gu Yingying, et al
Hydrothermal preparation and microstructure analysis of
silver tin oxide contact materials[J]. Journal of University
of Science and Technology Beijing, 2007, 29(10):
1023-1026.

K, EW-F, TR, OB AgSnO, fil Sk

) 2% AR TR PIRE P[], BPRTE U244, 2003, 17(2):

156-161.

[15]

[16]

Xu Aibin, Wang Yaping, Ding Bingjun, et al. Preparation
and arc erosion characteristics of new type of AgSnO,
alloys[J]. Chinese Journal of Materials Research, 2003,
17(2): 156-161.

skEHE, AMINAR, B, S5 BRI 200 RN A R
AgSnO, MEHR RALIUEEMI[T]. SE42J®, 2005, 26(4):
1-5.

Zhang Kunhua, Sun Jialin, Guan Weiming, et al. Effect of
hot extrusion on microstructure of AgSnO, prepared by
reaction synthesis processing[J]. Precious Metals, 2005,

26(4): 1-5.



