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Flow Dynamics of Granular Materials in a Hopper
Tsutomu TANAKA, Yoshimasa KAJIWARA and Takanobu INADA
Synopsis:

A mathematical model, capable of describing the macroscopic movement of an assembly of discs in a hop-
per, was developed based on the constitutive equations described by Voigt-Kelvin rheological model with a
slider and on the equations of motion for translation and rotation of each disc. The validity of the present
model was confirmed by comparing the results, such as the order of discs discharged from the hopper,
arrangement of discs after charging in the hopper and stress distribution at the wall, obtained from calcula-
tions with the corresponding ones obtained by experiments as well as JansseN's equation,

The present model was successfully applied to the macroscopic flow of the assembly of granular materials
of different disc size, subjected to gravitational force in a hopper.

The installation of a repulsion box in the upper part of the hopper was also simulated and resulted in the
decrease in the variation of disc size during discharge through the suppression of small disc segregation
during charge, while it had insignificant effect on the deposit profile and the order of discharge.

The present model was found to precisely describe frictional wall effect in solid flow and abnormal flow
behavior, such as bridge formation, in comparison with the conventional continuous potential flow model.
Key words : iron making process ; solid flow ; hopper ; granular materials ; Voigt-Kelvin rheological model ;

blast furnace simulation ; flow dynamics.
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(B) : Particle arrangement used for the mathematical model

Fig. 1. Solid particle in the mathematical model.
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Fig. 2. Example of shear test result for the eva-
luation of friction coefficient of particle.
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Fig. 3. Relation between normal force and shear
force for particle-particle and particle-wall.

Table 1. Calculation condition for filling a hop-
per with particles.
Dimensionless parameter Value
d/L 1/17
to—p 0.36
tp—o 0.42
mg/ Kod 1.5%X1073
K,/K, 1/4
D,/ mK, 2.0
D,/y/ mK, 2.0
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Fig. 4. Flow behavior of particles during charge

into the converging hopper without and with a re-
pulsion box.
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Fig. 5. Comparison of the calculation with the ex-
periments in the arrangement of particles after
charging into hoppers.
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Fig. 6. Stress distribution in the vertical direc-
tion at the side wall of a rectangular hopper after
charging.
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Fig. 8. Comparison of the calculated result with
the experimental one regarding the order of dis-
charged particles from a hopper.
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Fig. 10. Flow behavior of particles during charge
without or with a repulsion box installed at the up-
per part of a hopper.
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Fig. 11. Distribution of small particles after
charging without or with a repulsion box installed
at the upper part of a hopper.
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Fig. 12. Effect of a repulsion box installed at the
upper part of a hopper on the discharging order of
particles.
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potential flow model in the calculated result for
solid flow.
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Fig: 15. Bridge formation just above the dis-
charge slit and the distribution of calculated normal
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V. finBa%k (m?/s)
¢: RFOREAE (radian)
RAE
i, jiRFOES
n: R
p-p : PLTF - HF
p-w : R T - BER

s: 9D HE
- BEESY
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