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Heat Transfer and Lubrication of Mold Flux Film at Meniscus Region in Continuous
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Synopsis :

Two types of laboratory experiments were conducted to make clear the heat transfer
behavior and lubrication mechanism in the continuous casting mold of steel. Measured
overall thermal resistance of parallel plates filled with the mold flux quantified the
thermal resistance of air gaps and radiative heat transfer through flux film. The
interfacial thermal resistance which is evaluated to be 20 to 50pm disappears when the
temperature of hot plate surface exceeds that of the flux liquidus. Also, an unsteady
state friction analysis has been performed with a special attention to visco-elastic
behavior or the mold flux. Elasticity of 10 and 50 Pa was obtained at viscosity of 0.28
and 2.3 Pa-s, respectively. The difference between the obtained friction force and the
predicted one as Newtonian fluid, and the phase shift of maximum friction peak become
significant when The oscillation frequency becomes 300 cpm. These transitions can be

explained quantitatively by introducing elasticity to the mold flux characteristics.
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Heat Transfer and Lubrication of Mold Flux Film at Meniscus Region

in Continuous Casting Mold
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Two types of laboratory experiments were conducted to make clear the heat transfer behavior and lubrication mecha-
nism in the continuous casting mold of steel. Measured overall thermal resistance of parallel plates filled with the mold
flux quantified the thermal resistance of air gaps and radiative heat transfer through flux film. The interfacial thermal
resistance which is evaluated to be 20 to 50 gm disappears when the temperature of hot plate surface exceeds that of the
flux liquidus. Alse, an unsteady state friction analysis has been performed with a special attention to visco-elastic behavior
of the mold flux. Elasticity of 10 and 50 Pa was obtained at viscosity of 0.28 and 2.3 Pa-s, respectively. The difference
between the obtained friction force and the predicted one as Newtonian fluid, and the phase shift of maximum friction peak
become significant when the oscillation frequency becomes 300 cpm, These transitions can be explained quantitatively by

introducting elasticity to the mold flux characteristics.
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Fig. 2 Schematic representation of the temperature distri-
bution in the experimental apparatus
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Table 1 Chemical compositions and physical properties of
the mold fluxes
Flux A Flux B Flux C
Si0, (mass%) 14.8 34.4 31.3
CaQ 18.5 33.0 40.1
AlO, 1.1 6.1 2.08
Na,0(*Na) 21.7 13.4 *3.98
F 22.7 8.1 11.4
BaO 6.6
B, 19.8
Li,0 5.8 3.93
Ca0/5i0, 1.11 0.96 1.30
Softening
temperature 853 1273
T (KD
Solidifying
temperature 923 1323 1463
T (K)
3.0
4 Gp=0.58mm
O dp=0.98mm
oo ® dp=145mm
0 dp=1.75mm
220 [
~
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Fig. 3 Variation of overall thermal resistance £, with mold
surface temperature 75, for Flux A

Table 2 Constants for the experiment

Constants Values
Koo (W/mrK) 14.7
K (W/mK) 160
s (mm) 8.0
d, (mm) 1.5
d i (mim} 0.63
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Fig. 4 Influence of mold surface temperature Tp, on contact
resistance Rnr for Fluxes A—C
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Fig. 5 Influence of mold surface temperature T, on effec-
tive thermal conductivity K., for Fluxes A~C
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Fig. 6 Separation from overall heat transfer to conductive
and radiative heat transfer according to Eq. (6} for
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Fig. 7 Schematic view of meniscus periphery in mold
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Fig. 8 Apparatus for the viscosity measurement of mold flux
at unsteady state

Ar gas

Table 3 Physical properties of mold flux

Softening temperature (C} 1070

Solidifying temperature (‘C) 1110

Viscosity {Pa-s) 0.28 at 1220°C
2.3 at1120C

Table 4 Chemical composition of mold powder {mass%)

T.C 50, Cal0 ALO, Fe0, Na.O F Cal/Si0,

2.9 34.4 33.0 6.1 0.2 13.4 8.1 0.96
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Fig. 9 Schematic view of hot oscillation simulator
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Fig. 11 Comparison of measured net torque and calculated
torque with unsteady state Newtonian fluid flow
analysis
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Fig. 13 Comparison of measured net torque and calculated
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Fig. 14 Comparison of measured torque and calculated
torque with Newtonian fluid flow analysis at hot
oscillation simulator
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