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Thermal Analysis on Twin—Roll Type Strip Continuous Casting
Process Considering Contact Thermal Resistance between
Molten Metal and Cooling Roll

Y. D, Kimand C, G, Kang
Key Words : Twin—Roll Type Strip Continuous Casting (&4} #lzl oj£Z %), Direct Roll-

ing (& & gtof), Solidification Latent Heat
tance (A &9 x38}), Solidification End Point

2 122 9), Contact Thermal Resis-

Abstract

The twin—roll type strip continuous casting process{or direct rolling process) of steel mate-
rials is characterized by two rotating water cooled rolls receiving a steady supply of molten metal
which solidifies onto the rolls. A solidification analysis of molten metal considering phase
transformation and thermofluid is performed using finite difference method with curvilinear
coordinate to reduce computing time and molten region analysis with arbitrary shape. An
enthalpy —specific heat method is used to handle the latent heat effect during the phase change.
The computed velocity field is used to determine the temperatures in the roll and the steel. The
temperature distribution of cooling roll is calculated using two dimensional finite element method,
because of complex roll shape due to cooling hole in the rolls and improvement accuracy of
calculation result. The energy equation of cooling roll is solved simultaneously with the conserva-
tion equation of molten metal in order to consider heat transfer through the cooling roll. The
calculated roll temperature is compared to experimental results and the heat transfer coefficient
between cooling roll surface and rolling material (steel) is also determined from comparison of
measured roll temperature and calculated temperature.
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Fig. 2 Schematic representation of experimental equipment for roll temperature measurement
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Table 1 Thermophysical properties of pure copper and boundary values®

Parameters Symbols Values

Thermal conductivity k —0.55T+368(0<T(C)<400) (W/m - k)
Density 0 8954 (kg/m?)

Specific heat 383.1(J/kg)

Heat transfer coefficient of air hair 9(W/m? - K)

Emissivity € 0. 78 (oxided pure copper)

Stefan— Boltzmann constant o 5.6697x107®

Temperature of atmosphere T 25(°C)

Measured point of
temperature in experiment

Fig. 8 Calculation mode! and boundary of heating

plate
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Fig. 9 Comparison of measured temperature and
calculated temperature at the same postion of
heating plate
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Fig. 10 Finite element mesh for calcuation and check-
ing positions in the temperature measurement
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Table 2 Thermophysical properties of roll material and boundary values®

Parameters Symbols Values

Thermal conductivity k —0.0325T+55(0<T(C) <400) (W/m - k)
Density 0 7833 (kg/m?)

Specific heat C 452(J/kg)

Temperature of atmosphere Tar 25(C)
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Tabel 3 Specification of direct rolling machine for calculation

Parameters Values

Roll diameter 750 (mm)
Roll nip gap 3. 2(mm)
Roll width 350 (mm)

Roll material

Cu alloy (sleeve thickness 55 mm)

Carbon steel (shaft)

Cooling hole

$10 (mm) X 60

Angular velocity of roll

1.0. 1.5(rad/sec)

Tabel 4 Thermophysicalpropertiesofstainlesssteel304andinitialpouringtemperatureofmoltenmetal®

Parameters Symbols Value
Liquidus temperature T, 1451(°C)
Solidus temperature Ts 1399(°C)
Conductivity in liquid ki 30.3(W/m - K)
Conductivity in solid ks 30.3(W/m - K)
Density in liquid o 7244 (kg/m?)
Density in solid 0Os 7266 (kg/m?)
Specific heat in liquid G 701(J/kg - K)
Specific heat in solid Cs 696(J/kg - K)
Latent heat L 260 (kJ/kg)
Viscous coefficient in liquid u 4,4%x107*(kg/m - s)
Pouring temperature Tinter 1500 (°C)

%y wazoz soeh zae EAgel of
B AEAAE G5 Pol 59 Fo2 FAn”

T2 §F-& 2glaAg
kr=311.2472+0, 07211 T —0, 0000001 T*
(W/m - K)
0r=9026. 8906 — 0. 408027 +0, 0001 72
(Kg/m?)
¢r=2379.2776+0, 019659 T +0. 000597 T2
(J/Kg - K) (25)
5 Ax
kr=67.839-+0, 01790, 000019 7
(W/m -+ K)
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Fig. 13 Mmesh discretization in pool region and coo-
ling roller
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Fig. 14 Velocity field and contour lines of temperature for w=1, 5 rad/s after 10
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