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Numerical Analysis of the Gas Flow and Combustion Reaction in Converter

Masaki MaBUCHI, Haruo KokuBuU, Hakaru NAKATO and Tsutomu NOZAKI

Synopsis :

The mathematical model for numerical analysis of the gas flow and combustion reaction in a converter is
developed by taking into account of the equilibrium reaction of CO-CO;-O, gas mixture at a given

temperature.

The effect of molten steel bath shape, thermal condition of side wall and operation conditions

on the combustion ratio is clarified by the calculation on the mathematical model.

The model is compared by the evaluation of the combustion ratio between calculated value and observed
one. By considering the depression of molten steel bath and the heat flow to side wall, the high tempera-
ture gas region above 2 250 K in the converter is found to appear near molten steel bath surface.

Key words : post combustion ; mathematical model ; gas flow ; basic oxigen converter.
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Fig. 1. Relation between X; and mass fraction of
CO, CO; and O, at elevated temperature (1 873 K).
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Fig. 2. Schematic diagram of impinging free jet on
molten steel bath surface.
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Fig. 3. Schematic diagram of a converter and
boundary conditions used for calculations.
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Table 1. Calculation conditions used for flat bath
surface.
Dimension R=2.55m (radius of converter)

Z=4.5 m(space height)
1/4 cylinder

Ho=2.5m
Q,=500 Nm®/min
Trurfuce=1773 K

Lance height

Flow rate of O3

Temperature of bath surface

Shape of bath

Flat bath surface
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Fig. 4. Velocity vector and Z-direction velocity
contour calculated from the condition listed on
table 1.
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Fig. 5. Contour of mass fraction of CO, calculated
from the condition listed on table 1.
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Fig. 6. Temperature contour calculated from the
condition listed on table 1.
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Fig. 7. Effect of gas flow rate of O, on Xco,
(calculated from the condition of flat bath surface
and heat-insulating wall).
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Fig. 8. Effect of lance height on Xco, (calculated
from the condition of flat bath surface and heat-
insulating wall).
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Fig. 9. Effect of bath surface temperature on
Xco, (calculated from the condition of flat bath
surface and heat-insulating wall).
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Table 2. Calculation conditions used for depress-
ed molten steel bath level.

Bath surface Depressed Flat
Potential core With Without
Q (Nm*/min) 500 500
Hy (m) 2.5 2.5
Temperature (K) 1773 1773

77z Flat bath level

XX Depressed bath level

(a) (b) (©)

Fig. 10. Contours of (a) Z-direction velocity, (b)
mass fraction of CO, and (c) temperature calculated
from the conditions listed on table 2.
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Eibhb.



1144 B & S 754 (1989) BT B

Table 3. Calculation conditions used for heat con-
dition of wall.

Wall Insulating Insulating Const. temperature
Bath surface Depressed Depressed Flat
Potential core With With Without
Qo (Nm®/min) 500 500 500
Hy (m) 2.5 2.5 2.5
Temperature (K) 1773 1773 1773
Bath level Wall
VA Flat Heat insulated
S | Depressed | Heat insulated
m=am=; | Depressed Const. temp.
42 20.15 T/é 2250K

(a) (b)

Fig. 11. Contours of (a) mass fraction of CO,
above 0.15 and (b) temperature field above 2 250 K
calculated from the conditions listed on table 3.
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Fig. 12. Effect of lance height on Xco, compared
with observed one.
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