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Background

E High particulate vyield o In 2017, global production of particulate matter had exceeded 17 billion
tonnes .

particulate matter (cylindrical, spherocylindrical, ellipsoidal, polyhedral, etc.).
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'E Large proportion  of non-spherical particles o Non -spherical particles account for 70% of total
| |
I |
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iE Wide range of application areasoc Energy, chemicals, agriculture, pharmaceuticals, food, mining, etc.

Tablet coating Airborne particle inhalating Red blood cell flowing




Background

Gas-solid fluidized bed technology

V Spouted bed o 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 o 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
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A Biomass combustion and gasification
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Research [ : Single -Component Spherocylindrical Particles
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Experimental Setup and  its Schematic

In the study of single component
spherocylindrical  particles, adzuki beans
. were used as experimental material
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1. Model Validation
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2. Particle/Molume Void Fraction

Particle void fraction
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2. Particle Void/VVolume 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

. 0.0F ratio, the lower the particle
S 1.0 : : :
2,4l height in the blind zone at
'éo:e' the bottom of the bed, and
2 04 the better the mixing quality
§o_2' of the particles.
& 0.0f .
— 1.0 Increased gas velocity

0.8

facilitates particle mixing.

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

Particle Kinetic Energy - - - ——
O L AR R LA L A e B B 2 S e L 3 Qm=10g/s
30 O (; o 301 —e— Mixed with 2.5 mm spherep
o —e— Mixed with 3.0 mm spheres
25 ¥3 0 0 25 —e— Mixed with 3.5 mm spheres
Translational kinetic ene rgy Particle tranalational kinetic energy (x107) _ Qe -
[ | g 2o ; g o
0 20 40 60 80 100 N o ~
] —— 15 Ty 15
300 Mixed with 2.5 mm spheres » M (s ey e @, O
0 —zl):ﬁlowhﬂdm o[ 70— Mixed with 2.5 mm sphe oo o ’ o
< 150 pheres 10_e— Mixed with 3.0 mm spheres ) . N
5 . . e _iobo e .0)ve o
SRS AN —e— Mixed with 3.5 mm spher panrt .
% 01 N e s el as” 5 =77 el
g 250 Mixed with}.()l;mlspheres o D A ".:--" N | | | | 0 i} N N N N N
£ 2001 _ Sperocylindens 0 10 20 30 40 50 60 70 8 90 00 02 04 06 08 10 12
-5 150 ~——— Spheres
é 104/ || Particle translational kinetic energy (X10) Particle rotational kinetic energy (x10)
2 50 A At i A A ottt A A DA S
Ea0] Mixed with 3.5 h 120 %
% 2001/ Ixef sﬂm-oéy l'i““'};;g eres Q=9 g/s Q=10 g/s Q,=9 g/s Q,=10 g/s
2107 —— Spheres or [ 777 spherocylinders
5 100 100}
504
o 1 2z 3 & 5 & 7 8 9 10

o
T

®
=]
T
=]
T

a @ ~ ®

Time (s) Mixed with 2.5 mm spheres Mixed with 3.0 mm spheres Mixed with 3.5 mm spheres

@
=
T
S
T

N
o
T

Rotatl 0 nal ki n eti C e ne rgy Particle rotational kinetic energy (x10¥)

0 10

IN
=
T

=]
T

n
o
T

1004 | Mixed with 2.5 mm spheres ~—— Spherocylinders P
804 —— Spheres

604
404
204

Average particle rotational kinetic energy (310

= N w
=}
T

o

25 3 35
Diameter of spheres in binary particle systems (mm) Diameter of spheres in binary particle systems (mm)

20 30 40 E
J Therotational kinetic energyof both spherocylindrical
and spherical particles increases as the diameter of
spherical particles increases in a binary particle system.

However, thetranslational kinetic energyof
spherocylindrical particles decreases and the translation:

Instantaneous variation and time -averaged distribution kinetic energy of spherical particles increases.
of translational/rotational kinetic energy of particles

Average particle translational kinetic energy (¥11)

N

1204 Mixed with 3.0 mm spheres — Spherocylinders
—— Spheres

et At s i e b sy 1

Mixed with 35 mm spheres — Spherocylinders
Spheres

Particle rotational kinetic energy (<10 J)

0 1 2 3 4 5 [ 7 8 9 10

Time (s) Mixed with 2.5 mm spheres Mixed with 3.0 mm spheres Mixed with 3.5 mm spheres




6. Particle Orientation

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.

There was no significant correlation between aspect
ratio and particle orientation distribution.

N 2o 4 z z4 z4
e {45 P o a5 Lo

AR=3 Qm=6.5 als
o Q,=6 g/s a 24 o AR=2 A
—e—Q,=6.5g/s —@—AR=3
A~ Q=7 gls @22 A~ AR=4 a
20}
;;
L 218}
/ E o
: e 16
L W/ 14+
1 1 1 1 1 12 1 1 1 1 1
15 30 45 60 75 90 0 15 30 45 60 75 90
Orientation angle (deg.) Orientation angle (deg.)
Different gas velocities Different aspect ratios



Particle Heat Transfer
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/. Particle Heat Transfer
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