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Synopsis:

The transitional behavior of the burden and gas distribution in the blast furnace has been studied
aerodynamically by a blast furnace model.

When ore is charged, the coke colume is formed in the central region, named the central coke colu-
mn. The formation process of its column is modeled as the following three steps from the experiment-
al observation.

1) With the progressive covering of the stack surface from the periphery to the center by ore, the
furnace gas is concentrated in the central region.

2) The coke layer is expanded in the area where the gas velocity exceeds the minimum fluidization
velocity of coke layer.

3) Some of the expanded coke is pushed into the central part by the charged ore.

The central coke column is easily formed at pellets charging rather than at sinter charging. The
concentrated gas velocity in the central part is related to the ore thickness and the area of ore layer
and the permeability ratio of ore to coke, and is expressed by the following equations

in _ 1/{ jz +< jVTV >/< [ljf; >}( 1)

Do _g,f(HY. (K™ eyt et (2)

where, 4 is the sectional area and U is the gas velocity, and suffix ¢ and w express the central part
without ore and the peripheral part with ore covered, respectively, and suffix T is the throat and av
is the average. H is the ore thickness, R is the throat radius, K; and K, are the permeability indi-
cies of coke and ore, respectively, and C, and n are constants.

The area of central coke column is estimated to be about 0.114 dimensionless radius from Egs. (1)
and (2).

The pressure drop in the stack of blast furnace is decreased by formation of central coke column,
while the distribution of gas through the coke layers in the softening-melting zone hardly changes.
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Fig.' 1. Experimental apparatus.
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Fig. 2. Effect of top gas velocity on ore/coke
distribution.
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Photo. 1. Appearance of burden distribution.
(white : ore, black : coke, P : pellet, S:sinter, G : coke)
a) Effect of top gas velocity
b) Effect of charging sequence
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Fig. 3. Radial distribution of ore/coke and gas in various charging sequences.
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Fig. 4. Schematic model for estimation of gas
velocity in central part U,,.
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Fig. 5. Changes of gas velocity distribution at
ore charging.
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Fig. 6. Effect of permeability ratio (H/R)- (K,
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Table 1. Particle size and permeability index of coke and pellets

Material Particle size &%‘g{e?g{iﬁgs-)
Sieve(mm) | —15 | 15~25 | 25~.50 | 50~75 |75~100| +100 | mean size (mm)
Coke K¢ 478
Content(%) | 1.9| 4.0 | 47.1 | 36.6 | 10.3 0.0 42.6
Sieve (mm) —5| 5~8 8~10 |10~12.5/12.5~15/ +15 | mean size (mm)
Pellets Kp 4618
Content(%) | 0.2 | 4.2 | 19.4 | 50.3 | 24.1 1.7 10.9
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Fig. 12. Effect of particle diameter on maximum
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Table 2. Conditions for estimation of region
of central coke column

Throat diameter (m) 5.05
Pressure of top gas (atg) 2.0
Temperature of top gas (&(8)] 120
Density of top gas (kg/m3) 2.60
Expanded region of coke r/R (=) 0.45
Charging volume of ore (m3/ch) 60.5
Charging volume of coke (m3/ch) 62.0
Surface angle of ore layer (°) 23.5
Surface angle of coke layer (°) 29.0

f5E, Ro=0.58m LM S hic,
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BIETRE B L.
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Fig. 13. Schematic drawing of softening-melting
zones with different height in model.
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Fig. 14. Radial distribution of static pressure in
coke slits.
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Fig. 15. Effect of central coke column on pressure
distribution in vertical direction.
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Fig. 16. Effect of softening-melting zone profile on
pressure distribution in vertical direction.
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Fig. 17. Effect of central coke column on gas vo-
lume through coke slits in softening-melting
zone and on uprising gas volume in
peripheral zone.
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Fig. 18. Effect of softening-melting zone profile on
gas volume through coke slits in its zone
and on uprising gas volume in peripheral
zone,
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