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Mechanical Analyses on Stability of Particle Flows Near Raceway of Blast Furnace

Kaoru NAKANO and Hideyuki Y AMAOKA

Synopsis : Stability of particle flows near raceway in blast furnace has been mechanically analyzed using model experiments and simulations using
Discrete Element Method (DEM). Results obtained are as follows.
(1) Unstable raceway shows that particles above raceway near wall periodically hang and slip.

(2) Unstable raceway has long periodical changes about several seconds in addition to short periodical change about several 10 ms that

stable raceway exhibits.

(3) Unstable raceway shows the ratio of the height to the depth is greater than about 1 on the average.

(4) Excess enlargement of tuyere diameter or blast volume could lead to unstable raceway.

(5) Although increase of input energy from gas into bed raises efficiency of energy transfer from gas to particles, the efficiency is inde-

pendent on raceway stability.

(6) With the objective raceway stability and decreasing generation of fine coke in the raceway, there is appropriate range of conditions in

the input gas energy.

Key words : blast furnace; raceway; discrete element method; stability; energy.
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Fig. 1. Experimental apparatus.

Table 1. Conditions for experiments.

Particle diameter
(mm)

Particle density

(kg/m) 1000

Blast volume

(Nm’/s)

Tuyere diameter

(mm)

Length of tuyere

inside furnace (mm)

Rate of burden

discharge (kg/s)

3

1.33%x10-2

8,12

0

8.0x10-3

Raceway factor”
) 560 - 1800

a) Tuyere diameter: 8 mm
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Fig. 2. The instantaneous particle positions (experiment).
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Fig. 5. Area for particle flow calculation.
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Table 2. Conditions for calculations.

Particle diameter for
calculation  (mm) 6
Particle density
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Blast volume i ,
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discharge (kg/s) 8.0x10-
Length of tuyere
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Coefficient of restitution

o 0.9

Friction coefficient particle- .
wall/particle-particle (-) 0.3/0.3
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Fig. 7. Effect of tuyere diameter on pressure (Calculated
results: Pressure at 100 mm point from the side

wall that the tuyere is attached).

Table 3. Conditions for calculations.

Particle diameter

(mm) 40
Particle density 1000
(kg/m’)
Blast volume o
(Nm°/s) 2.2
Rate of burden
discharge (kg/s) 1.68
Length of tuyere

0
nose (mm)
Stiffness constant =
x10°

(N/m) °
Coefficient of restitution

o 0.5
Friction coefficient particle-
wall/particle-particle (-) 03/03
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Fig. 10. Changes of pressure and kinetic energy with un-
stable raceway (V,=2.2 Nm?/s, D,,=150 mm).
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