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Thermal Behavior Analysis in Continuous Bloom Casting Mold

Y. J. Jung, S. H. Kim, Y. M. Kim and C. G. Kang

Abstract
Continuous casting machine has been experienced a rapid development to increase productivity with high casting

speed and to meet consumer’s strict demands for high quality. However, because most of defects and cracks are initially

formed in mold and grown into surface cracks during the post process, more specific and clear investigations upon heat

transfer mechanism between mold and solidified shell are necessarily needed. In this study heat transfer coefficients

which shows the characteristic of heat transfer mechanism are calculated with temperatures measured in bloom mold

using optimal algorithm, and thermal analysis are investigated using the calculated heat transfer coefficients. Finally

uniformity of solidified shell is investigated for high carbon steel, 0.187%C from thermal analysis.
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Fig. 1 Schematic illustration of vertical type

continuous casting machine
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Fig. 2 Schematic illustration of mesh and position
of temperature measured by thermo-couples
for 1D FDM analysis
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Table 1 Material properties of copper mold

Material property Unit - Value
Heat capacity J/kgK 400
Density Kg/m® 8920
Thermal conductivity W/mK 390

Table 2 Boundary condition for heat transfer analysis

Conditions 0.187%C
1. Casting velocity (m/min) 0.5
2. Mold length from meniscus (mm) 560
3. Bloom width (mm) 410
4. Bloom thickness (mm) 250
5. Initial temperature of molten steel (C) 1584
6. Heat transfer coefficient of mold/water 22500tV
interface (W/m?K)
7. Cooling water temperature (C) 20
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Fig. 3 Schematic illustration for measuring temperatu
-res of the mold with thermo-couples
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Initialize variables

- Start point (Xg=h)

- Convectional heat transfer
coefficient (h,g)

- Temperature (T)

[
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Quadratic fit method

- line searching with three points
- Xy = X+ @y

- p = ad, (a : Scale value)
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Fig. 4 Flow chart for optimal algorithm to derive
convectional heat transfer coefficient (h,,)
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Fig. 5 Positions of thermo-couples in the mold along
width and thickness direction

Table 3 Positions of thermo-couple, measured the
temperature and convectional heat transfer
coefficients of mold

Mold width Mold thickness
Center (0 mm Side(160mm | Center(0mm | Side(94mm
from center) | From center) | from enter) | from center)
T/C 2 (40mm . T/IC 13(") T/C 14(")
from top mold) e 6467, 63.7C,
64.1C, X 63.5C,x > x
T/C 4 (178mm T/C3 (") T/C 15(") T/C 16(")
from top mold) 128.7C, 138.8C, 122°C,
136°C,1313W/m’K | 1181 w/m’K | 1366W/m’K | 1063 W/m’K
T/C 6 (282mm T/C5(" T/C17(") T/C 18(")
from top mold) 123.7TC, 117.27C, 103.6C,
132.2°C,1244W/m’K | 1093 W/mK | 980 wmK | 751 W/m’K
T/C 8 (418mm T/C7 (") T/C 19(") T/C 20(")
from top mold) 1025T, 109.87TC, 904°7C,
1123C,896 Wim’K | 733 W/m’K | 854 WmK_| 537 Wim’K
T/C 10 (536mm T/IC 9 (") T/C21(") T/C 22(")
from top mold) 958T, 98.17C, 84.6C,
1053C,779W/m’K | 623 Wm®K | 661 Wim’K | 445 Wim’K
T/C 12 (614mm T/C 11(") T/C23(") T/C 24(")
from top mold) 102°C, 125C, 97T,
17CI7TWm'K | 724 WK | 1116Wm’K | 643 Wim’K
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Fig. 6 Mold flux as function of distance from top of
mold for different casting speeds
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Table 4 Chemical compesitions of 0.187%C

Heat transfer coefficient (W/m’K)

Fig. 9 Comparison of calculated heat transfer coefficie
-nt and mean heat transfer coefficient at
measured points from top of mold (mm)
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Fig. 10 Calculation region (1/4) and mesh with
boundary for 2 dimensional heat transfer
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Fig. 11 Thickness variation of shell at the center of
width and thickness mold faces
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