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. Background

¢ High particulate yield: In 2017, global production of particulate matter had exceeded 17 billion
tonnes.

particulate matter (cylindrical, spherocylindrical, ellipsoidal, polyhedral, etc.).
€ Wide range of application areas: Energy, chemicals, agriculture, pharmaceuticals, food, mining, etc.

i0 Large proportion of non-spherical particles: Non-spherical particles account for 70% of total
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. Background

® Gas-solid fluidized bed technology

v Spouted bed: A reactor that uses gas to pass through a layer of granular solids to keep the
solid particles in a state of suspended motion and carry out a gas-solid phase reaction process.

v Application scenarios: Material drying, Tablet coating, Biomass/coal combustion, Gasification
and pyrolysis, etc.

v" Advantages: Better gas-solid contact, higher particle mixing efficiency, higher heat transfer
efficiency, suitable for handling irregular and other unconventional particles.

Agricultural production Food processing Medicine manufacturing Thermal response



. Background

B Biomass combustion and gasification
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Research I: Single-Component Spherocylindrical Particles

<«—— Different gas velocities
(Q,=54dls, 64gls, 7gls)

«<— Different particle aspect ratios
(AR=2, AR=3., AR=4)
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Research II: Binary Particle Systems

Void/volume fraction

Kinetic energy

Particle orientation

Particle separation

Particle drag force
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Experimental Setup and its Schematic

In the study of single component
spherocylindrical particles, adzuki beans
A were used as experimental material
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1. Model Validation

One-component
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2. Particle/Volume Void Fraction

Particle void fraction
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2. Particle Void/Volume Fraction
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3. Particle Separation (Binary Particle Systems)
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3. Particle Separation (Binary Particle Systems)
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4. Particle Mixing (One-Component Particle System)

The larger the particle aspect
ratio, the lower the particle
height in the blind zone at
the bottom of the bed, and
the better the mixing quality
of the particles.

Lacey mixing index

Increased gas velocity
facilitates particle mixing.

Mixing behaviour and LM/ of spherocylindrical
particles with different aspect ratios
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5. Particle Velocity & Kinetic Energy

® Particle Velocity
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I Radial velocity
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5. Particle Velocity & Kinetic Energy

® Particle Kinetic Energy .
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6. Particle Orientation
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1. The preferential orientation of the spherocylindrical
particles in the spouted bed is perpendicular to the
Z-axis and increasing the gas velocity has little
effect on the particle orientation distribution.
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2. There was no significant correlation between aspect
ratio and particle orientation distribution.
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7. Particle Heat Transfer
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7. Particle Heat Transfer
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Particle Drag Force

® Particle drag force
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1. The larger the diameter of the
spherical particles in a binary
particle system, the larger the
average force ratio (Fd/mg) of
the spherocylindrical particles.

2. Increasing the gas velocity

leads to a further increase in
the spherocylindrical force
ratio (Fd/mg).




9. Conclusions

* In this paper, the particle kinetic behavior and heat transfer characteristics of
spherocylindrical particles mixed with spherical particles of different diameters are
investigated using a coupled CFD-DEM method. Macroscopic and microscopic properties such
as particle void fraction, particle collision, particle kinetic energy, drag force, and heat transfer
are discussed.

* When the difference between the diameter of spherical particles and the equivalent diameter of
spherocylindrical particles in the binary particle system is larger, the average height difference
between spherocylindrical particles and spherical particles in the spouted bed becomes larger
and larger during fluidization. Compared to spherocylindrical particles, spherical particles are
more likely to aggregate at the bottom of the bed. The void fraction of spherocylindrical
particles is larger, while the void fraction of spherical particles is smaller.

« When the diameter of spherical particles in a binary particle system increases, the rotational
Kinetic energy of both spherocylindrical and spherical particles increases. However, the mean
translational kinetic energy of spherocylindrical particles decreases and the mean translational
Kinetic energy of spherical particles increases.




9. Conclusions

 When the difference between the diameter of spherical particles and the
equivalent diameter of spherocylindrical particles in a binary particle system is
larger, the number of average particle collisions among spherocylindrical
particles decreases, and the number of average collisions among spherical
particles increases. However, increasing the gas velocity results in a decrease in
the number of particle collisions.

* Increasing the gas velocity helps the cooling of the particles but decreases the
uniformity of the temperature distribution of the particles within a certain time
frame. When the diameter of the spherical particles in the binary particle system
IS larger, 1t can accelerate the cooling rate of the spherocylindrical particle
temperature but slows the cooling rate of the spherical particles. Furthermore, the
amount of convective heat transfer between the two types of particles increases
with the diameter of the spherical particles in the binary particle system.
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