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Numerical Analysis on Behavior of Unburned Char and Fine Coke in Blast Furnace
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Synopsis : A mathematical model of blast furnace operation, which is able to estimate the behaviors of the unburned char and the fine coke simultane-

ously, has been developed. The model based on the multi-fluid theory treats dynamic powders that are moving entrained by the gas stream as

individual phases and static powders as solid components. The former takes conservation equations of momentum, thermal energy, chemical

species and continuity. The latter takes only mass balance equations of chemical species, and shares fields of flow and temperature with the

other solid components, such as lump coke, sinter, and so on. In the simulations, the unburned char is derived from the pulverized coal inject-

ed from the tuyere, and there is no difference in model treatment between the unburned char and the pulverized coal. The fine coke is gener-

ated uniformly in the raceway region from the coke particles, and the generation rate is determined by a kinetic treatment. The simulation of

the blast furnace operation by this model revealed that the unburned char and the fine coke having different diameters and densities show dif-

ferent flow patterns especially in the cohesive zone and deadman. Consequently these two powders formed different areas of accumulation

and reactions while large amount of powders were deposited in the deadman zone regardless of difference in flow patterns.
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Fig. 1. Change in materials classification.
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Fig. 2. Schematic drawing of determination of volume fraction of solid phase.
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Table 1. Major conditions for simulation of blast furnace

operation.

Inner volume 4359 m®
Productivity 10460 v/d

RAR 495 kg/thm
PCR 126 kg/thm
Blast volume 7283 Nm%min
Blast temp. 1138 °C

0> enrichment 2.5 %
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Fig. 3. Burden distribution used in the simulation.
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Fig. 4. Effect of powder treatment on calculated tempera-
ture distribution.
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Fig. 5. Effect of static powder on gas flow pattern.
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Fig. 6. Flow patterns of unburned char and fine coke.
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Fig. 7. Volume fractions of dynamic unburned char and fine coke.
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Fig. 9. Distributions of powder deposition rates.
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Fig. 10. Distributions of solution loss reaction.
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Fig. 11. Unburned char deposition rate and accompanying
carbon exchange rate.
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