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Process Analysis of Blast Furnace by Discrete Element Method
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Abstract:

Discrete element method (DEM) calculation revealed the following: A packed bed in a blast furnace is supported
by the formation of a network structure by particles receiving heavy stress. And the stress at the contact point of
coke in the network can exceed the compressive strength. Shaft angle strongly affects solid flow and strength of
stress in a blast furnace. On the assumption that the particle size of coke in molten pig iron decreases due to carbon

dissolution, a coke powder layer is formed in the stagnant zone. The layer can protect the refractory of hearth

against erosion, and its thickness is strongly affected by the depth of hearth and load of burden.
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Table 1 Simulation conditions of analysis of blast furnace

based on DEM

}Xr}i:;l:eblaﬁ Hearth
Diameter, d,, (m) 0.2 0.1%
Particle density, pg (kg/m®) 1 000 1000
Liquid density, p; (kg/m®) 6700 6 700
Particle number, N 30 000 30 000
Poisson’s ratio, v 0.2 0.2
Restitution coefficient, e 0.46 0.46
Sliding friction coefficient, s 0.7 0.7
Rolling friction coefficient, u, 0.06 d,, 0.075 d,
Normal stiffness, k, ma*(1040?  ma?/(104¢)
Shear stiffness, &, k/[2(1+v)] kJ/[2(1+0)]
Time step, At (s) 1074 10
Discharging rate at raceway (s ') 500
Discharging rate at hearth (s™!')| 0, 33, 50, 143 1 300%*

* Particle diameter is decreased in proportion to residence time
under liquid level: d,=Max (0.1—-0.01¢, 0.06)
** Correspond to 0.1 m diameter particle volume
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Fig.1 Geometries used in DEM simulation of blast furnace
solid flow
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Fig.2 Reproduce burden load distribution by particle piling
and large gravity

I TR ST LIV EB L,
MERERELZEOT, By I 2L —3 3 VICIEWGEEDS
RURTHD, V—AT 2 AVEPORTEZPHLZE &
OF R, BRI PRI R Y L L TR 3R
o JLRRE & FERE RO TR IR G255 & R Rk ) %
RLTWBZEDRGND, T2, FIRTOa—27 AHHD
WERHRLEREER 4IRS, FRI—7 AHED R
we (K4@), FEPET LW & 00k, 2, F
IR TOER ML, WA & AT, HHEEET
JRVEHERER E o e (R 4(M)~ (). V§HAEERRT (&
) A BRI FREGREN SRR
5IZRTAS, YIalb—a rOERMBORES (K4(D)
~(d) 2FRT—7 ZAHREMLES AT (K 5() LTS
LT EDNGhh BHEh O 2 — 7 ZIXIRFIC X DIREIZ/N
S B LUE LRGSR, BRI L ko 3 — 27 A8



BEWCE 7OV 26 L 72 WidR 7 1 & A AT

2000
Particles

Discharge
tube g~ Stag
e

SR iquid
; B level

(a) 1/30 scale model
experiment

3 AW T ERER SRS ((a) 1/30 MERRERER,
(b) EHERER)

Fig.3 Burden descending timeline and stagnant zone shape
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Fig.4 Effect of hearth coke consumption on stagnant zone
renewal (Particle colors are changed every certain
number shown in the figure.)
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Fig.5 Dissection analysis Results of No. 4 blast furnace, West
Japan Works (Kurashiki)
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(a) Shaft angle:  (b) Shaft angle: (c) Shaft angle:
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Fig.6 Calculated effects of shaft angle on solid flow
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Fig.7 Calculated effects of raceway position on dead man size
by DEM
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Fig.8 Calculated result of stress field and coke free space
shape in hearth
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Fig.9 Calculated result of coke diameter distribution in hearth
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