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Table 1  Physical properties of the granular material for the experiment

material mass m /kg mean particle diameter d /mm density p / (kg/m®)
black bean 4.0 9.0 1165.0
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Table 2 Components of forces and moments acting on particle

force and moment symbol equation
pommal force contact Fi-..,,y - (4/3)E"(R™) 1/25.3,/2”
damping dnif o,
tangential force contact F“w‘j ~ 8GR l/zat
damping Fdl,ij sy
gravity m;g
tangential torque T ; d; x (F,; +Fy ;)
rolling friction torque T ; -u, | F, Jij l&,
%3 DEM BHUHZH
Table 3 Parameters used in the DEM simulation
parameter value
number of particles N 8995
particle diameter d /mm 9
particle density p /(kg/m*) 1165
shear modulus G, /Pa 1.2x107
black bean Poisson’ s ratio v, 0.25
local damping coefficient C, 0.05
critical damping ratio 8, , B, 0.60
particle-particle sliding friction coefficientu 0.50
rolling friction coefficient 0.05
shear modulus G, /Pa 1.0x10"
Poisson’ s ratio v 0.40
wall-particle sliding friction coefficientw 0.60
perspex wall feed channel angles a; /(°) 40

chute angles a, /(°)
opening of flowgate ¢ /%

time step At /s

45 (35, 45, 55)
50 (30,40,50,60,75,100)
2x1073

1.3 #EHIEHG
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SIWORIR | ELURE 8] 42 fish Sy 15 42 ik A 40
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Fig.3  Comparison of charging process in the parallel hopper between experiment and simulation

(a; = 40°; black bean; upper: experimental results, lower: simulation results)
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(a) 2.0s (b) 3.2s (c) 44 s (d) 5.6 s
4 BHEEHERHT R DEM B S SCREDRITIL (¢ = 50%; b SCIRAR, T BHgR)
Fig.4 Comparison of discharging process in the parallel hopper between experiment and simulation

(¢ = 50% ; upper: experimental results, lower: simulation results)
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Fig.5 Distribution of stresses on the wall and contact force chain network in the hopper
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Fig.6 Flow patterns of particles in the parallel hopper during the continuous discharging process
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Fig.7 Internal flow, velocity distribution and contact force chain network in the parallel hopper

during the continuous discharging process (¢ = 1.6 s)
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Fig.8 Deviation behavior of the granular flow in the vertical chute with different openings of the flowgate t = 2's

(upper: front view; lower: middle cross-sectional view of the vertical chute)
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Fig.9 DEM simulations of the heaping process with the flowgate opening ¢y = 50% at different chute angles
(upper: a, = 35°; middle: a, = 45°; lower: a, = 55°)
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DEM Simulation and Experimental Investigation of
Burden Distribution in the Parallel-Hopper
Bell-Less Top Blast Furnace

QIU Jia-yong, ZHANG Jian-liang, SUN Hui,
YAN Bing-ji, LI Feng-guang, GUO Hong-wei
(School of Metallurgical and Ecological Engineering, University of Science
and Technology Beijing, Beijing 100083, P.R.China)

Abstract: The flow behavior of particles during the burden distribution process in the parallel-
hopper bell-less top blast furnace was investigated with the discrete element method (DEM) as
well as a model experiment. It is shown that the DEM simulation results agree with the experi-
mental results well. The contact force distribution in the hopper is nonuniform, i.e., the strong
force chains mainly locate in the lower part of the parallel-hopper and in the vicinity of the in-
clined wall. The flow pattern in the parallel-hopper resembles a deflective funnel flow which
comprises the quasi-stagnant zone, the central accelerated flow zone and the wall shear layer.
Both the particle falling trajectory and distribution are related to the discharging sequence which
is affected by the flow pattern in the hopper. As the flow trajectory is influenced by the opening
of the flowgate, it should be controlled within a reasonable range for the stability of burden dis-
tribution. The heap peak position varies with the falling point during the heaping process, and
the peak radius is larger than that of the falling point.

Key words: blast furnace; bell-less top; discrete element method; burden distribution; granu-
lar flow; force chain
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