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Development of Numerical Model for Estimation of Grinding Rate of Particles under the Fluidization

Hiroaki TAKAHASHI, Kazuhiro CHIKAMORI, Tsuyoshi YAMAMOTO, Hideyuki AOKI and Takatoshi MIURA

Syneopsis : An accumulation of coke fine in blast furnace which caused by an operation with pulverized coal injection, makes decrease of air permeabili-

ty in the furnace. One of the factors of this problem is that coke particles are impacting each other and coke fine generates in the raceway.

However, it is so high temperature and pressure in raceway that it is very difficult to admeasure various parameters of coke grinding phenom-

€non.

Therefore, a numerical model for estimation of grinding rate is required.

We developed a numerical model for estimation of the grinding rate using result of both analysis of gypsum particles behavior and grind-

ing experiment with gypsum particles. The model is based on grinding energy calculated by combining measured grinding rate of gypsum

particles in a rotational drum with analyzed data of behavior of the particles.
Additionally, we examine the validity of the numerical model to apply to a spouted bed. Thereby we verified qualitative validity of the

model.
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Fig. 1. Voigt—Kelvin’s theology model.
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Fig. 3. Shape of gypsum particle.
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Table 1. Parameters of governing equation.

Conservation equation of ¢ Iy Se

Mass 1 0 0
Velocity component U pes 3% apeff%%) + 3% (su,ff%%) + 2% (speﬁ%‘%’)
—s%— + Fp.
V' fer aa; 5#&:%%) + 3% (ﬂ%fﬁ%) + 362 (Eﬂeﬂ%vgv)
—s%— + Fpy
W pess 3‘9; Epeff%g) + ;% (E#m%%) + 3‘9; (eﬂeff%)
—5%; + Fp-

Turbulent kinetic energy & et Gy — pe
Eddy dissipation rate € Let £ (C1cGk — Caepe)
Gy =
2 2 2 2 2 2
o {8 ()" (377} (% 90) (B 80" (34
Cu Clc Ok O¢
0.09 1.44 1.0 13

Table 2. Parameters in the calculation.

Element diameter ¢ 4.58 [mm|
Element density 981 [kg m™)
Number of elements 3,000 [part.]
Friction coefficient between particles 0.8478 [
Friction coefficient between particle and wall  0.3058 [-]
Sphericity 0.874 [-]

Inlet flow rate 26, 30, 34 and 38 [Nm3/h]
Spring coefficient in normal direction 3.0x10* [N m~1]
Spring coefficient in shear direction 7.5x10% [N m™}]
Time step for DEM 2.0x1075 [g]
Time step for flow analysis 1.0x1072 [g]

P) 9 P
*ax—j(EpUj¢):$j(8r¢3x—.-)+S¢, ¢=1, Uj, k, E correee (14)
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Fig. 14. Difference of contact velocity distribution be-
tween the analyses in the rotating drum and the
spouted bed.
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