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An Approximate Analysis of Non-uniform Gas Flow
through Layered Burdens
Mamoru KUWABARA, Eiji CHIKAMATSU and Jwao MuUCHI
Synopsis :

~ An approximate analysis relevant to the gas flow through the shaft of blast furnace with layered burdens
is developed for predicting the local azimuth of streamline, the ratio of gas-distribution between two adja-
cent layers, and the radial distribution of gas flow rate across each layer. '

The effects of charging conditions on the non-uniformities of gas flow in layered burdens are investigated
on the basis of a mathematical model derived from the analysis mentioned above. The predictions obtained
by the model are shown to be in reasonable agreement with the numerical solutions by the finite difference

method of the equation of continuity and the vectorial Ergun equation.

Computational time for the approxi-

mate model can be considerably abridged in comparison with that for the rigorous numerical method.
The zigzag patterns of gas-streamlines were visualized in a two-dimensional packed bed composed of
alternate layers of silicagel particles. Availability of the present model was verified from the close agree-

ment between observed and predicted streamlines.

Key words : ironmaking ; modelling ; blast furnace ; gas flow ; approximate analysis ; numerical analysis ;

visualization.
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Fig. 1. Schematic illustration for approximate
analysis (I).
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Fig. 2. Numerically predicted streamlines and
isobars of gas in layered burdens.
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Fig. 4. Numerically predicted profile of mass
velocity of gas for the same case as Fig. 3(b).
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Table 1. Charging conditions™

Case V,/Ve (=) A (m) dp, (m) a, (deg)
1 1.0 1.2 0.02 30,20
2 0.5 1.2 0.02 30,20
3 1.0 0.8 0.02 30,20
4 1.0 1.2 0.03 30,20

*  The other conditions for all cases :
dpc=0.05m g, =25° £=0.40 £=0.35
Go = 1.4 kg/m? (bed)-s
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Table 2. Comparison between the approximate
solutions and the numerical ones in axi-symmetrical
bed with layered burdens.

o= 25°

Case No. @ = 30° a0 = 20°
X 4 & G/G| X & 6 G/G
(G T 66 T G W G Rl I C= N G WY G W €5
1 Appr. | 0.69 78 105 0.80 | 0.72 80 103 0.86
Num. 0.67 70 112 0.72 { 0.72 74 109 0.77
2 Appr. | 0.69 83 107 0.84 | 0.72 84 105 0.89
Num. 0.67 78 113 0.79 | 0.73 79 112 0.85
3 Appr. | 0.68 79 105 0.80 | 0.73 8 103 0.8
Num. 0.66 71 115 0.73 | 0.74 74 111 0.79
4 Appr. | 0.70 81 100 0.85 | 0.72 8 100 0.89
Num. | 0.68 77 103 0.82 [ 0.72 79 102 0.86
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Fig. 7. Radial profile of mass velocity of gas pre-
dicted by the approximate and numerical analyses.
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Fig. 8., Gas-streamlines in two-dimensional bed
having layered structure of silicagel particles.
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