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Mathematical Model Analysis on Three-dimensional Gas Flow in Blast

Furnace

Yotaro OHNO, Yuiaka YAMADA, Kunihiro KONDO and Takashi TAKEBE

Synopsis :

A mathematical model of three-dimensional gas flow in a blast furnace has been developed in which
three-dimensional layer structure and permeability distribution are considered, using the finite element

method.

Cohesive zone profile and pressure distribution were simultaneously measured in an actual blast furnace

and compared with the computed results.

Good correspondence between them confirms the adequateness of the mathematical model analysis.

The principal results of the circumferential distribution analysis are as follows.

(1) On the side of high stockline, pressure increases and gas flow rate decreases.

(2) Gas flow rate varies with the permeability distribution that depends on thickness ratio of ore and

coke layeres, but pressure is almost constant.

(3) With deviated cohesive zone profile, the level of the maximal variance of pressure distribution corre-
sponds to the sectional average level of the cohesive zone, where pressure is high on the side of high melt-
ing level. In the lumpy zone, gas flow rate is low on the side of high melting level.

(4) Blast rate distribution is smoothed through the dropping zone and has no effect on the gas flow dis-
tribution in the lumpy zone. On the other hand, pressure drop through tuyere is important to equalize the

blast rate distribution.

Key words : three-dimensional ; gas flow ; blast furnace ; circumferential ; cohesive zone ; simulation.
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Table 1. Calculation  conditions of  three-
dimensional gas flow in blast furnace (Ohgishima

No. 2).

Circumferential Comparison with

Operating conditions

analysis measurement
Coke rate (kg/T) 501 496
Coke base (T) 31 31
Top pressure (kgf/cm’G) 2.50 2.49
Blast volume (Nm®/min) 5995 6607
Solution loss (kg/T) 95 105

Average particle diameter : Ore 15 mm, Coke 50 mm
Shape factor : Ore 0.90, Coke 0.90

Dead man : Coke diameter 25 mm, Voidage 0.35
Temperature range of Solution loss reaction 1 100-1 400°C
Theoretical flame temperature 2 225°C
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Fig. 4. Circumferential distributions of melting
level and pressure at wallside.
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Fig. 5. Example of calculation result of 3-dimensional gas flow in blast furnace.
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