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A Three-dimensional Mathematical Modelling of Drainage Behavior in Blast Furnace Hearth

Koki N1SHIOKA, Takayuki MAEDA and Masakata SHIMIZU

Synopsis : Stable blast furnace operation is required to reduce energy consumption in iron and steelmaking industry. For the stable blast furnace opera-

tion, precise controlled drainage is one of the important factors. However, the effects of the various in-furnace conditions on the stable opera-
tion were not examined well. Therefore, in this work, basic characteristic features of drainage in a blast furnace hearth were examined.

Two- and three-dimensional mathematical model were developed based on the finite difference method to simulate molten iron and slag
flow in a hearth of a blast furnace. Pressure drop evaluation model in a taphole was developed to reflect pressure variation in a blast furnace
hearth on drainage rate of molten iron and slag for the three-dimensional mathematical model.

The two-dimensional mathematical model results were validated with measured interfaces shapes obtained using an experimental model.
The three-dimensional mathematical model results were validated with measured total, iron and slag drainage rate of Chiba No. 6 blast fur-
nace. The results indicate that the drainage behavior and residual iron and slag volume were affected by the conditions in the hearth. The tap-
hole conditions dominate the total drainage rate under the term of assumed blast furnace conditions. In order to reduce the residual slag vol-

ume, the taphole diameter change during the tap should be controlled. The decrease of the coke diameter causes increase of the residual slag

volume, decrease of the residual iron volume.
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Fig. 2. Schematic drawing of experimental equipment for
two-dimensional model.
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Fig. 3. Comparison of calculated and measured results of interfaces shapes.
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Fig. 4. Schematic diagram of pressure drop evaluation
model in a taphole.
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Fig. 5. Total, iron and slag drainage rate variations of

Chiba No. 6 blast furnace during a tap.
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Fig. 6. Fig. 6 Estimated temporal taphole length variation
of Chiba No. 6 blast furnace during the tap by pres-
sure drop evaluation model.
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Fig. 10. Time evolution of relative slag surface and
iron—slag interface height from the taphole.
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Fig. 11. Slag surfaces, Iron-Slag interfaces and velocity
distributions in the hearth at the end of the tap.
Coke diameter in the packed bed is 30 mm.

o
o
®

— T T

Coke diameter: 30mm
Void fraction: 0.3

Drainage rate (m3/s)
© =
o o
= &
[ ]
(2}
|
(=]

o
o
N

Iron

o
'08 eveasve*®

Slag
Qo——L v L e
G | 3600 7200 10800 14400
fron Time (s)
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the measured ones.
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packed bed is uniform.
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Fig. 16. Effect of packed coke diameter on terminal pro-
files of slag. a) Coke diameter is 15 mm. b) Coke
diameter is 20 mm. ¢) Coke diameter is 30 mm. d)
Coke diameter is 40mm e) Coke diameter is
60 mm.
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Fig. 17. Schematic view of iron and slag surfaces forma-
tion.
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