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Stress Field and Solid Flow Analysis of Coke Packed Bed in Blast Furnace Based on DEM

Taihei NoucH!, Takeshi SATO, Michitaka SaTo and Kanji TAKEDA

Synopsis : The stability of blast furnace operation, such as blast pressure, burden descending, liquid holdup and residual amount of slag in hearth, are

dominated by the permeability of coke packed bed. The coke degradation in packed bed is caused by abrasion. Then the stress field is calcu-
lated by simulation based on discrete element method (DEM) to make clear the abrasion mechanism. Coke free space shape affects on the
liquid drainage efficiency and hearth refractory erosion. Then the effects of hearth depth, burden load and coke consumption on the coke free
space shape is considered by using the DEM simulation also.

The calculated results show that a force network is formed in the whole of BF and supports the load of burden. The stress of particle in the
network is much larger than the average, which can be estimated by continuous simulation. A coke in force network is abraded until the con-
tact cross section larger and contact stress is less than the compressive stress. After then another coke particle participates in force network.
Coke abrasion is caused by such force network reconstructions. Coke free space shape is dominated by the solid flow caused by coke con-
sumption in hearth. The coke free space shape, hearth refractory erosion and drainage efficiency can be affected by the hearth depth, burden
load and coke consumption in hearth.
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Fig. 1. Coke degradation factors and temperature distribu-
tion estimated from Lc of Coke (Kawasaki No. 2
BF).
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Fig. 2. Two-dimensional illustration of the forces acting of
particle i in contact with particle ;.
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Fig. 3. Geometries used in DEM simulation of blast fur-
nace solid flow: (a) whole BF model and (b) hearth
model.

Table 1. Simulation conditions.

Parameter Whole BF Hearth
Diameter dp 0.2m 0.1m*
Particle density ps 1000 kg/m® 1000 kg/m
Liquid density p. 6700 kg/m® 6700 kg/m®
Particle number N 30000 30000
Poisson’s ratio v 0.2 0.2
Restitution coefficient e 0.46 0.46
Sliding friction coefficient ps 0.7 0.7

Rolling friction coefficient u.  0.06 dp 0.075d,
Normal stiffness ki, mr2/(10At° mn?/(10At)
Shear stiffness k¢ ko/[2(1+V)] kn/[2(1+V)]
Time step At 107s 10%s
Discharging rate at raceway 500 /s T

Discharging rate at hearth 0, 33, 50, 143/s 1300 /sec*™

*Particle diameter is decreased in proportion to residence time under liquid level:
d, = Max (0.1 - 0.01t, 0.06)
**Correspond to 0.1m diameter particle volume.
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Fig. 4. Reproduce burden load distribution by particle pil-
ing and large gravity.
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Fig. 6. Effect of hearth coke consumption on stagnant
zone renewal: (a) 0/s; (b) 143/s; (c) 50/s and (d)
33/s. Particle colors are changed every certain
number shown in the figure.
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Fig. 7. Dissection analysis’ Results of Mizushima No. 4
BF: (a) crystallite size distribution; (b) packed bed
structure and coke free 'space shape and (c) calcu-
lated particle diameter distribution.
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Fig. 8. Stress field of packed bed: (a) 1/30 scale model ex-
periment and (b) simulation.
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Fig. 9. Calculated normal stress distribution and stress
field.
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Fig. 10. Schematic diagram of coke abrasion in BF: (a) be-
fore abrasion and (b) after abrasion.

Fig. 11. Schematic diagram of force network reconstruc-
tion: (a) original force network and (b) recon-
structed force network.
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Fig. 12. Effect of vertical stress on fine coke ratio.

Fig. 13. Calculated result of stress field and coke free
space shape in hearth: (a) base condition; (b) shal-
low (1 m) hearth; (¢) 1.5 times large load and (d)
moved consumption area.
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Fig. 14. Calculated result of coke diameter distribution in
hearth: (a) base condition; (b) shallow (1m)
hearth; (c) 1.5 times large load and (d) moved
consumption area.
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