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Abstract — Fluidization processes in which solid particles vividly move like gas or liquid have been widely used in
various industrial sectors, such as thermochemical energy conversion and polymerization processes for general purpose
polymer resins. One of the general purpose polymer resins, LLDPE(Linear low-density polyethylene) resins have been
produced in bubbling fluidized bed processes in the world. In a bubbling fluidization polymerization reactors, LLDPE
particles with relatively larger particle size and low density are fluidized by hydrogen gas for polymerization reaction.
Though LLDPE polymerization reactors are one of bubbling fluidization processes, slugs that have negative impact for
reaction exist or occur in these processes. Therefore, the fluidization state of LLDPE particles was investigated in a
simulation model similar to a pilot-scale polymerization reactor (0.38 m .D., 4.4 m High). In particular, the effect of gas
velocity (0.45-1.2 m/s), solid density (900-199 kg/m?), solid sphericity (0.5-1.0), and average particle size (120-1230 pum),
on bed height and fluidization state were measured by using a CPFD(Computational particle-fluid dynamics) method. With
CPFD analysis, the occurrence of a flat slug was visualized. Also, the change in particle properties, such as particle
density, sphericity, and size, could reduce the occurrence of slug and bed expansion.
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Fig. 1. Schematic diagram of experimental apparatus [12].

1. Blower 7. Pressure transducer
2. Pressure gauge 8. A/D converter

3. Air chamber 9. PC

4. Distributor 10. Oscilloscope

5. Bed 11. Cyclone

6. Pressure tap 12. Air flow meter
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Table 1. Physical and fluidization properties of LLDPE

Experimental particles LLDPE
Mean diameter [pum] 1230
Apparent density [kg/m?] 900
Minimum fluidization velocity [m/s] 0.30
Minimum slugging velocity [m/s] 0.42
Gas velocity range [m/s] 0.30-1.50
Gas composition Air
Drag model Non-spherical Haider-Levenspiel
Sphericity 0.5
Initial bed height [m] 1.2
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Fig. 2. Geldart classification of particles.
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ABI1E
A : particle acceleration rate [m/s’]
C, :drag model coefficient

D : drag force [N]

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020

: initial bubble size separated from jet [m]

: maximum bubble size [m]

: mean particle diameter [m]

: orifice diameter [m]

: momentum transfer between the fluid and solid phases
: gravity acceleration [m/s’]

: axial height [m]

: mass [kg]

: jet penetration length [m]

AP, : total bed pressure drop [Pa]

: positive constant for particle normal stress [Pa]

: Reynolds number

: time [s]

: velocity vector [m/s]

: bubble rising velocity in the bed [m/s]

: single bubble rising velocity [m/s]

: superficial velocity [m/s]

: gas velocity in jet [m/s]

: axial distance of the internal from distributor [m]

Greek letters

T : particle normal stress [Pa]
[0) : particle probability distribution function [-]
€ : constant [-]
0 : volume fraction [-]
p : density [kg/m’]
B : constant [-]
) : strain rate tensor [-]
n : viscosity [m?/s]
Subscriptions
cp  :close pack
eff : effective viscocity
f : fluid
i, j, k : coordinate index
p : particle
S : solid
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