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Finite Element Simulation of Copper Slab Horizontal Continuous Casting
Process Based on Double Temperature Field Coupling
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Abstract: Taking the horizontal continuous casting process of copper alloy slab as the research object, the
three-dimensional steady-state mathematical model of slab continuous casting mold was accurately established by using
finite element software, and the “double temperature field” synchronous coupling simulation calculation of copper liquid
solidification cooling and cooling water heating in the mold was carried out. The distribution laws of cooling water
temperature field and velocity field in the existing mold structure and its internal relationship with the solidification process
of copper liquid were analyzed. The results show that when the casting temperature is 1 170 ‘C and the inlet water
temperature is 28 ‘C, the temperature field of the copper and graphite wall surface is distributed in the form of “double
vortex”, and the average temperature is 179.68 ‘C and 340.88 “C, respectively. When the inlet water pressure of copper
sleeve is respectively 0.4, 0.5 and 0.6 MPa, the solidification time of the corresponding billet is respectively 27.82, 13.76
and 9.76 s, that is, the solidification rate is accelerated, the cooling intensity in the middle is increased, and the bending
radian of the crystal line decreases. When the outlet water pressure increases, the temperature drop at the edge of the billet
slows down, the cooling intensity decreases, and the bending radian of the crystal line also decreases.
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Fig.1 Schematic physical model of crystallizer of copper slab
continuous casting
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Tab.1 Constants used in the equations™

+E(CG-Cpe) (6)

Constant C, G, C, [ T,

Value 1.44 1.92 0.09 1.0 1.3

1.3 HEUFANEERSH

R 4l SCHR B A 0 A RORE D R Al S B AR
PR BEEE BT R N S B 2,
1.4 MEXS

T H AR DA B s R R A
AR R A Ry 172 B g B R A R T
UG FE | 28 3k 22 R I A S 43 1) 22 3 D R A 4L 45
FRTEE B A0 T A SRR AN B B R FH 7S T AR )
S P R NS A R VA C o N N R LN TR S
43, L2 63 TT A1 A5, 303 TT AN IS R R RE S
Ve ERIN A SIMPLE Bk R A Rk 2T
10° B AR 220K T 10° 900 Jr R8I,
1.5 EIEH

(=0 I, 25 b2 vh A K IR 45 F 5 IR T,
BI . T(x, y, 0)=T=1 170 C , A [T FK I & K
28 C,

(Q)BEADL R FH 3 B A 1 R g O 0 5 2 T
PEORE A 4 mm/s, JESHER 1 DRl RSE ;%
PR A 110 mm/min, 3 3 H 0518 F K A

8 m/s, /K k1M 0.6 MPa,

()AL SR S 4R 3R 03 B e R S,
Ho 4] (1) S AR Bh 386.4 W/(m-K), A 2 )
94 129 W/(m-K),

(4) 55 0 10 £ A2 DA Ao il ot R, G v ot R il
(1A% 340 5l Ak s G R
Kb, D AHEHRAK m,

(5)4h fb i A I il 1 R

q=h(T-To)" (10)
X g MR B, Wim? s h by S5 Rk e 3 R B
W/ (m?-K); T, A ¥ 5  ml BEK; Ty A% 2K R
K.

2 BRBWRIERERSH

2.1 fEIIEIUE

WA LR i B A A S AT L, n A
N 5 R HKEE R E Y, K 2 Pos BT
AT BB OF B R E R 465.97 C R HIK P
I T SR 43.37 °C 5 1 AE A S 1 e n [
3 s, FEECEE R EE R 469.35 °C R HIKE-H
R EE 43 °C 5 B 58 HIK R 225 B 4 5ok
0.73%.0.85% , A 48L 45 5 5 S &5 vy A by 1R
22 FH A /N | DT 60 IE 1 A58 780 4 57 (4 A AR DA R A
LA e

P2 FE A BT R i 7 A5 L 45
Fig.2 Coupling model and simulation results of
temperature field
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Tab.2 Parameters and values involved in the simulation calculation
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Tiq LA VAR 2R I 1085 C W, 0 440
Tw S [ R 2 1R 1083 °C H PR R 18
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Fig.3 Temperature measurement of the slab and cooling water during horizontal continuous casting process
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Fig.4 Macro-morphology of upper surface of the slab
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of slab
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Fig.8 Flow diagram of cooling waterway temperature distribution
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Fig.9 Flow chart of cooling waterway velocity distribution
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Fig.15 Cloud diagram of upper surface temperature of slab under different inlet water pressure
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Fig.16 Diagram of central temperature of billet under different inlet water pressure
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Fig.18 Cloud diagram of upper surface temperature of billet under different outlet water pressure
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Fig.19 Schematic diagram of edge temperature of billet under different outlet water pressure
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