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Numerical simulation of temperature field in
continuous casting of copper thimrslab

LI Jirshan, MEI Jinrna, CHEN Zhong-wei, HU Rui, KOU Hong chao
(State Key Laboratory of Solidification Processing,
Northwestern Polytechnical University, Xi an 710072, China)

Abstract A mathematical model to represent the solidification heat transfer process of thir-slab continuous casting
and a computer simulation program based on Fourier conduction differential equation were worked out, which can be
applied to predict the distribution of temperature field during the process of continuous casting. This program was
applied to calculate the temperature distribution of copper thin-slab continuous casting with different casting speeds
and cooling conditions. In the meantime, the effects of casting speed and cooling condition on thermal profile were
studied. Simulation experiments show that the surface temperature out of the mould can be increased significantly by
improving the casting speed. So in order to prevent the thin-slab from leaking, choosing casting speed correctly is a
sticking point. Additionally, cooling condition is one of the important technological parameters as well as casting
speed. The results show that the thermal profile calculated by mathematical model almost agrees with those obtained

by experimental measurement, and the error is within 10 C.
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Table 1 Technological parameters and physical parameters

Physical parameter Value T echnological parameter Value

Solidification temperature of copper, T's/K 1356.4 Casting temperature, To/K 1413

Difference in temperature of water of entrance and

exit of mould, AT/K =0

Density of copper, @ (g* cm™3) 8.96

Specific heat of copper, ¢/(J* kg™ !+ K1) 386.0 Length of mould, /1/mm 50
Thermal conductivity of copper, ¥(W * m~ !+ K- 1) 334.3%x 10" 3 [ Length of secondary cooling zone, l2/ mm 50

Integrated heat transfer coefficient of secondary cooling

zone, o/ (W*m~ 2+ K1)
Black body radiation coefficient, Cb/(W * m™2* K™ %) 5.76 Width of slab, d/mm 5

1200 Length of air cooling zone, /3/ mm 100

Effective darkness, € 0.56 Environmental temperature, Ta/K 298

Melting heat of copper, L/(kJ* mol™ ') 13.02 Cooling water temperature, T'v/K 313
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Fig.2 Temperature distribution at different casting speeds
(a) =40 mm/s; (b) —50mm/s; (¢) —60 mm/s
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Fig.3 Temperature distribution at

different casting speeds
(a) =40 mm/s; (b) —50 mm/s; (¢) —60 mm/s
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Table 2 Centre temperature and

surface temperature at different measure

positions and B= 2.02 x 10*

Centre

5 Surface
M easure position
temperature/ K temperature/ K

Mould entrance 1413.0 1388.2
Mould exit 1282.2 1180.1

Out of secondary cooling zone 378.2 358.5
Out of air cooling zone 300. 4 300. 0

3 B=3.02x10" W4 0 J R i A
Table 3 Centre temperature and

surface temperature at different measure

positions and B= 3.02 x 10*

Centre

.. Surface
M easure position
temperature/ K temperature/ K

Mould entrance 1413.0 1388.2
Mould exit 1045.8 925.9

Out of secondary cooling zone 361.0 346. 6
Out of air cooling zone 300. 0 299. 6

F4 B=4.02x 10" NHEE O KRR E
Table 4 Centre temperature and

surface temperature at different measure

positions and B= 4. 02 x 10*

5 s Centre Surface
M easure position

temperature/ K temperature/ K

Mould entrance 1413.0 1388.2

M ould exit 896. 1 750. 6

Out of secondary cooling zone 343.0 334.0
Out of air cooling zone 299. 4 299. 1
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Table 5 Comparison of values of
calculated centre temperature and

surface temperature with measured ones

M easure position

Centre temperature/ K Surface temperature/ K

Calculated Measured Calculated M easured

Mould entrance 1413.0 1413.0 1371.1 1373.0
Mould exit 1184.1  1180.0 987.9 981.0
Out of secondary 0y 5 3999 379.2 3740
cooling zone
Gul. g git 303.7 300.0 302.7 299.0
cooling zone
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