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Simulation of Gas Gap Formation between Substrate Surface and Molten Steel During Initial Solidification

Masafumi Miyazaxi and Hirofumi MIYAHARA

Synopsis : In order to evaluate the motion of molten steel just before its solidification, contact conditions between the molten steel and the mold surface

at a time when the molten steel contacts the mold surface were analyzed. Conditions of gas-gap formation on the interface between the

molten steel and the mold were simulated by preparing a simplified dynamic model in which physical-property values, such as, depths of un-

evenness of the mold surface, gas absorptions into the molten steel, heat flux, and various other conditions were systematically varied. The
time needed for the molten steel to penetrate to the bottom of a depression 100 ym deep in the mold surface was estimated to be 0.03 s. It was
also estimated that the molten-steel penetration time is significantly influenced by the depth of depressions in the mold surface, gas absorp-

tions into the molten steel, and heat fluxes, whereas the effects of viscosity and surface tension of the molten steel are insignificant.
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Fig. 1. Schematic representation of interface between sub-
strate and molten metal.
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Table 1. Experimental conditions.

C, Initial concentration of nitrogen in molten steel [mass%]
Cq Saturated concentration of nitrogen in molten steel [mass%]
dt Time step of calculation [s]

H Depth of mould dimple [m]

m Mass of gap gas [kg]

q Heat flux [W/m?]
R Radius of dimple of substrate [m]

T, Initial temperature of gap gas K]

U Velocity of molten steel [m/s]

Z Height of molten steel on substrate [m]
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Table 2. Physical properties.

1.0X10°  [Vkg/K]

5.0X107° [m?/s]

C Specific heat of gap gas

Diffusion coefficient of nitrogen

h in molten steel
g Gravity constant 9.8 [m/s?]
Ky Mass transfer coefficient of 1.5X10* [m/s]
nitrogen in molten steel
u Viscosity of molten steel 5.0X103 [Pa -« s]
0 Density of molten steel 7.2X103 [kg/m?]
o Surface tension of molten steel 1.5 [N/m]
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Fig. 2. Change in the relative value of gravity, surface ten-
ston, viscosity and gap gas pressure at the molten
metal surface without considering the influence of
gas absorption.
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Fig. 3. Change in the sintering depth of the molten metal
into the dimple on the substrate without consider-
ing the influence of gas absorption.
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Fig. 4. Change in the relative value of gravity, surface ten-
sion and gap gas pressure at the molten metal sur-
face. Solid lines show the result of the calculation
that considers the influence of gas absorption. Dot-
ted lines show the result without gas absorption.
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Fig. 5. Change in the sintering depth of the molten metal
into the dimple on the substrate. Solid line shows
the result of the calculation that considers the influ-
ence of gas absorption. Dotted line shows the result
without gas absorption.
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Fig. 7. Change in the relative value of gravity, surface ten-
sion and gap gas pressure considering the influence
of gas absorption. Solid lines show the result of the
calculation that uses half the value of surface ten-
sion. Dotted lines show the result using normal
value of surface tension.
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Fig. 8. Change in the sintering depth of the molten metal
into the dimple on the substrate considering the in-
fluence of gas absorption. Solid line shows the re-
sult of the calculation that uses half the value of
surface tension. Dotted line shows the result using
normal value of surface tension.
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Fig. 9. Change in the relative value of gravity, surface ten-
sion, viscosity and gap gas pressure considering
the influence of gas absorption when the depth of
the dimple on the substrate is 25 ym.
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Fig. 10. Change in the sintering depth of the molten metal
into the dimple on the substrate considering the
influence of gas absorption when the depth of the
dimple on the substrate is 25 ym.
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Fig. 11. Change in the relative value of gravity, surface
tension and gap gas pressure without considering
the influence of gas absorption. Solid lines show
the result of the calculation that uses half the
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show the result using normal value of heat flux.
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Fig. 12. Change in the sintering depth of the molten metal
into the dimple on the substrate without consider-
ing the influence of gas absorption. Solid line
shows the result of the calculation that uses half
the value of heat flux to the gap gas. Dotted line
shows the result using normal value of heat flux.
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