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Stochastic Model of Flow and Dispersion of Fine Particles in a Packed Bed
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Synopsis

: The turbulent dispersion of coal particle is a particularly important factor influencing the combustion efficiency of

pulverised coal in the blast furnace raceway. A stochastic approach in modelling the particle dispersion was implement-
ed for simulating particle trajectories in both free space and a packed bed. A new model for the interaction between
particles and a packed bed has been developed and incorporated in a two-dimensional mathematical model of pulverised

coal combustion.

Validation work of the model were completed for a round free jet and a packed bed. Intense particle dispersion and
mixing were observed in the packed bed. Along with the large slip velocity between gas and particles, the intense
mixing suggests a higher burning rate in a packed bed than in a free space.
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Fig. 1. Interaction time and length of particles with
eddies.
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Fig. 2. A particle trajectory model in a packed bed
(collision model).
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Table 1. Test conditions for a round free jet.

Parameter Single phase jet Particle* laden jet
Sauter mean diameter (mm) - 79
Particle density (kg m>) - ) 2620
Loading ratio (-) 0 0.2
Jet exit velocity (m s°1) 0 24.1
Jet exit mass velocity (kg m2 s-1) 0 6.06
Air velocity (ms™1) 32.1 26.1
| Injector inner diameter (mm) 10.9 10.9

* : Glass beads, diameter 79 pm, density 2620 kgm3.
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Fig. 3. Simulation conditions of particle dispersion
for a round jet.
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Fig. 4. Axial variation of normalised turbulence
kinetic energy in gas phase at the centre.
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Fig. 5. Axial variation of normalised particle veloc-
ities at the centre.
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Fig. 6. Axial variation of normalised particle mass
velocities at the centre.
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Fig. 7. Simulation conditions of particle dispersion
in a packed bed.

Table 2. Conditions for particle trajectory predic-
tions in a packed bed.

A) Properties of packed particles

Materials Glass beads Glass beads Silica gel
Diameter (m) 0.012 0.00452 0.00154
Density (kgm3) | 2440 2370 1200
Voidage (-) 0.39 0.35 0.34
B) Properties of fines

Materials Silica alumina Alumina

Diameter (um) | 68 211

Density (kgm3) | 1000 1400

Diameter of the packing column: 0.1 m
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Fig. 10. Particle velocities in a packed bed.
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Fig. 11. Particle trajectories in a packed bed.
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Fig. 12. Axial variation of normalised standard
deviation of particle axial velocities.
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