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Abstract — The effect of internal and shroud nozzle distributor to bubbling fluidized beds which has the size of 0.3 m-
ID x 2.4 m-high column was modeled by CPFD (Computational Particle-Fluid Dynamics). Metal-grade silicon particles
(MG-Si) were used as bed materials which have d, = 149 um, p, = 2,325 kg/m® and U,,r = 0.02 m/s. Total bed inventory and
static bed height were 75 kg and 0.8 m, respectively. Effect of vertical internal on the bubble rising velocity was investigated.
Bubbles were split by internal when the axial position of the internal from the distributor, z = 0.45 m. Bed pressure drop and
axial solid holdup were not affected by internal. However, in the case that axial distance of internal from distributor was
too close to jet penetration length, bubbles were not separated and bypassed internal, and faster than without internal or
z=0.45 m.
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CPFD (Computational Particle-Fluid Dynamics)+= MP-PIC (multi-
phase particle in cell) R[5S 7|HHO.E 3to] APk 7] A]-20A4) 1
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Fig. 1. (a) schematic diagram of fluidized beds with internal, (b)
grid design of fluidized beds, (c) transparent view of fluidized
beds with internal, (d) actual internal used in this study.

Table 1. Specification of distributor used in simulation

Item Value
No. of Nozzle 2

Nozzle Diameter (m) 0.010
Shroud Diameter (m) 0.034
Shroud Length (m) 0.265
Hole Pitch (m) 0.165
Opening Ratio (-) 0.002
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Table 2. Model and parameters in simulation
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Model and Parameters Value

Drag model Wen and Yu [9] - Ergun [10] combination [11]
Turbulence model Algebraic [12]
Normal-to-wall momentum retention 0.30
Tangent-to-wall momentum retention 0.99
Maximum momentum redirection from collision 40%
Particle Normal Stress Parameter P=5,$=3,e=10"
Close pack volume fraction (Maximum solid volume fraction) 0.6
Temperature 300K
Pressure 101325 Pa
Fluidizing gas Air
Simulation time 30s

Table 3. Physical properties of bed materials

Mean diameter (um) 149
Particle density (kg/m?) 2325
Bulk density (kg/m?) 1180
Sphericity (-) 0.75
Minimum Fluidization Velocity (m/s) 0.02
100 - 18
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Fig. 2. Particle size distribution of bed material.

Fig. 3. Schematic diagram of cross-sectional view and data sampling
position. 1) inside of channel, 2) outside of channel, 3) back-
side of channel.
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Fig. 4. Criterion of determination between bubble and emulsion phase
(a) snapshot of a bubble, (b) histogram of particle volume
fraction to determine the boundary of bubble phase.
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Fig. 5. Determination of bubble rising velocity (a) Schematic diagram
of bubble rising velocity, (b) description of calculation of bub-
ble rising velocity from particle volume fraction data.
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Table 4. Superficial gas velocity with z=0.45 m

Axial position of internal, z (m) 0.45
0.08
0.10
U, (m/
o (M/5) 0.12
0.14

Table 5. Axial position of internal with U,=0.1 m/s

U, (m/s) 0.10

Without internal
Axial position of internal Z (m) 015
0.30
0.45
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Fig. 6. Estimation of bubble size (a) Particle volume fraction at axial
cross-sectional view, (b) Averaged particle volume fraction,
(c) Bubble size comparing between simulation and correlation.
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Fig. 7. Bubble flow characteristics in simulation with U,=0.10 m/s
(a) without internal, (b) with internal z=0.45 m.
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Fig. 8. Comparing bubble rising velocity between simulation and
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Fig. 9. Bubble flow characteristics according to the height of internal:
(a) z=0.45 m, (b) z=0.30 m, (c) z=0.15 m.
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Fig. 10. Bubble rising velocity according to axial height at each data
sampling positions (a) z=0.15 m, (b) z=0.3 m, (c) z=0.45 m.
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Fig. 12. The effect of internal on the (a) axial bed pressure drop, (b)
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=k
A : particle acceleration rate [m/s?]
D : drag force [N]
d, : initial bubble size separated from jet [m]
dy, : maximum bubble size [m]
d, : mean particle diameter [m]
d,.  : orifice diameter [m]
F : momentum transfer between the fluid and solid phases
g : gravity acceleration [m/s’]
h : axial height [m]
L, : jet penetration length [m]
AP, : total bed pressure drop [Pa]
P : positive constant for particle normal stress [Pa]
t : time [s]
u : velocity vector [m/s]
U,  : bubble rising velocity in the bed [m/s]
U, :single bubble rising velocity [m/s]
U, :superficial velocity [m/s]
U; : gas velocity in jet [m/s]
z : axial distance of the internal from distributor [m]

Greek letters
T : particle normal stress [Pa]
[0} : particle probability distribution function [—]
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€ : constant [—]

0 : volume fraction [—]

p : density [kg/m’]

B : constant [—]

Subscriptions

cp : close pack

f : fluid

p : particle
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