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Numerical Modeling of Grinding Rate in Granular Flow of Brittle Materials

Kazuhiro CHIKAMORI, Yuichiro KITAMURA, Masayoshi OGAWA, Hideyuki Aoki and Takatoshi MIURA

Synopsis : In an iron-making blast furnace, an operation with pulverized coal injection (PCI) causes an accumulation of powder by crushing between
coke particles and decreases permeability through the coke bed.

It is so difficult to measure a mount of coke powders, so we developed a model to simulate a grinding rate with movements of particles of

brittle material such as coke using Discrete Element Method (DEM).

In order to estimate the performance of our simulation model, we carried out the mutual friction of grinding test with two gypsum areas,

and derived the grinding rate equation for the simulation model from the experimental results. The grinding rate of gypsum particles in a ro-

tational drum was measured and calculated with various porosities of gypsum and the rotational speed of the drum.

As a result, the difference between predicted and measured grinding rate was larger in the case that the particle porosity was small (i.e. par-

ticle is hard) and a rotational speed of drum is high because we ignored the body breakage at contact between particles. On the other hand,

the calculated grinding rate was the same as experimental one when the particle porosity was large (i.e. particle is soft.).

It is concluded that DEM is useful tool for the prediction of grinding rate of particles. We expect the developed model to predict the grind-

ing rate of coke particles in a raceway. However we might consider not only friction but also the body breakage in the simulation model to

determine the correct grinding rate.
Key words : granular materials; simulation; grinding; particle dynamics.
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Fig. 1. Voight—Kelvin’s rheology model.
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Fig. 2. Displacement of contact points.
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Fig. 3. Experimental apparatus of mutual friction of grind-
ing rate for gypsum.
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Fig. 4. Results of mutual friction grinding test with Gyp-
sum A; a=2.53%X1072, b=1.23, c=1.45.
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5. Results of mutual friction grinding test with Gyp-
sum B; ¢=5.02X1072, b=1.18, c=1.19
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Fig. 6. Illustration of an analytical region.

Table 1. Rheology model parameters in this analysis.

Element diameter

Element density : Gypsum A
: Gypsum B

Number of elements
Drum diameter

Drum Length

Drum rotational speed
Gravity acceleration

Spring coefficient, normal direction
Spring coefficient, shear direction
Dashpot coeflicient, normal direction
Dashpot coefficient, shear direction

Friction coefficient

15 mm

1,369 kg m~3
1,320 kg m~3
1,000

400 mm

200 mm

5, 10, 20 rpm
9.80665 m s~2
1.0x10* Nm™!
1.0x10* N m™!
0.087 Nm™ls
0.087 Nm™'s
0.3
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Fig. 7. Particle distribution within the rotary drum. (5 rpm,
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Fig. 8. Particle distribution within the rotary drum.

(10rpm, Gypsum A; Upper: y—x, Left: y—z, Right:
x-2z)
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Fig. 10. Particle distribution in the experiment. (20 rpm)

77



. 73

$% & $8 Vol. 86 (2000) No. 2

2x107™* Y T T
Experiment
Simulation -------
107 f 4
T
)
£ sxi0” | — .
[=
=
-]
S ] 1
g 2x0s | N
s 1 | | P
£
© b |
105 — [ : 1
I ht ! M
5 10 20

Drum rotational speed [rpm]

Fig. 11. Comparison with grinding rate of Gypsum A.
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Fig. 12. Comparison with grinding rate of Gypsum B.
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