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Abstract — Three-phase inverse fluidized bed has been widely adopted with its increasing demand in the fields of
bioreactor, fermentation process, wastewater treatment process, absorption and adsorption processes, where the fluid-
ized or suspended particles are small or lower density comparing with that of continuous liquid phase, since the particles
are frequently substrate, contacting medium or catalyst carrier. However, there has been little attention on the three-phase
inverse fluidized beds even on the hydrodynamics. Needless to say, the information on the hydrodynamics and transport
phenomena such as heat and mass transfer in the inverse fluidized beds has been essential for the operation, design and
scale-up of various reactors and processes which are employing the three-phase inverse beds. In the present article, thus, the
information on the three-phase inverse fluidized beds has been summarized and reorganized to suggest a pre-requisite
knowledge for the field work in a sense of engineering point of view. The article is composed of three parts; hydrodynam-
ics, heat and mass transfer characteristics of three-phase inverse fluidized beds. Effects of operating variables on the phase
holdup, bubble properties and particle fluctuating frequency and dispersion were discussed in the section of hydrodynam-
ics; effects of operating variables on the heat transfer coefficient and on the heat transfer model were discussed in the sec-
tion of heat transfer characteristics ; and in the section of mass transfer characteristics, effects of operating variables on the
liquid axial dispersion and volumetric liquid phase mass transfer coefficient were examined. In each section, correla-
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tions to predict the hydrodynamic characteristics such as minimum fluidization velocity, phase holdup, bubble proper-
ties and particle fluctuating frequency and dispersion and heat and mass transfer coefficients were suggested. And finally
suggestions have been made for the future study for the application of three-phase inverse fluidized bed in several avail-

able fields to meet the increasing demands of this system.
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Fig. 1. Experimental apparatus|28]:

1. Liquid calming section 11. A/D converter

2. Liquid distributor 12. Computer

3. Gas distributor 13. Vent line

4. Heater 14. Control valve

5. Thermocouples 15. Reservoir

6. Pressure taps 16. Gas flowmeter

7. Temperature indicator 17. Liquid flowmeter
8. P-Sensor 18. Air compressor
9. Amplifier 19. Liquid pump
10. Low-pass filter
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Fig. 2. Effects of gas velocity on the individual phase holdups in

three-phase inverse fluidized beds (Particle : Polypropylene
(spheres), p,; = 11x107 [Pa.s])[20].
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Fig. 3. Effects of liquid viscosity on the individual phase holdups in
three-phase inverse fluidized beds (U, = 0.002 [m/s], Particle :
Polypropylene(spheres) [20].
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Fig. 4. Effects of liquid viscosity on the bed porosity in three-phase
inverse fluidized beds (U, = 0.002 [m/s], Particle(A): Polyeth-
ylene(spheres), Particle(B): Polypropylene(spheres) [20].
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Fig. 5. Effects of U; on the Probability density of bubble chord length in
three-phase inverse fluidized beds (U;=0.04 m/s, Particle:
Polyethylene(spheres) [22].

2.0 T T T T T T T

> -0 A v ¢

08t '///"//. 1

n " 1 n 1
02 03 04 05 06

U_x10°[m/s]

Fig. 6. Effect of U on the bubble chord length in three-phase inverse
fluidized beds (n; = 0.961x10°[Pa.s], Particle(A): Polypropy-
lene(spheres), Particle(B): Polyethylene(spheres) [22].
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Fig. 7. Effects of liquid viscosity on the bubble chord length in three-
phase inverse fluidized beds(U = 0.002 [m/s])[22].
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Fig. 8. Effects of liquid viscosity on the bubble rising velocity in three-
phase inverse fluidized beds(U; = 0.002 [m/s])[22].
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Fig. 10. Effects of gas and liquid velocities on the fluctuating fre-
quency of particles in the test section (1, = 24x10°3 [Pa.s])[25].
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Table 1. The properties of solid materials used in the literature[29]

Particle Shape Average diameter ~ Density (kg/m’)
Polypropylene Spheres 4 mm ID 877.3
Polypropylene Plate 4 x4 x 1 mm 846.2

Polyethylene Spheres 4 mm ID 966.6
Polyethylene Plate 4 x4 x2mm 896.4
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Table 2. Liquid Physical properties and fluids flow rate range[29]
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Fig. 17. Effects of p; on h in three-phase inverse fluidized beds[29].
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Fig. 18. Dissolved oxygen concentration profile in the axial direction
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Fig. 24. Effects of liquid viscosity on the k;a in three-phase inverse
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A :surface area of heater [m?]
a  :constant in Eq. (27)
Ar : Archimedes number [dpp;((p;—pp)g/ ui)]
b : constant in Eq. (27)
C  : oxygen concentration [mol/l]
: equilibrium concentration [mol/1]
C, :initial oxygen concentration [mol/l]
Cp; : heat capacity of liquid phase [kcal/kgK]
dp : particle diameter [m]
D, : particle dispersion coefficient [m%/s]
Dt : Column Diameter [m]
D, : axial dispersion coefficient of liquid phase [m?/s]
E(t) : entrained particle fraction
F  : fluctuating frequency of fluidizing particle [1/s]
Fr  : Froude number [(U,+U)*/(gd,)]
g  : gravitational acceleration [m/s*]
h  : heat transfer coefficient [W/m*K]
H : bed height [m]
k, :conductivity of liquid phase [W/m>-K]
k;a : volumetric mass transfer coefficient [1/s]
L : arbitrary location of fluidizing particle [m]
N : number of particles in unit volume
Pe : Peclet number (U;+U,;)D,/D,
P, : pressure at the top of the column [Pa]
P, : specific energy dissipation rate [m?/s’]
AP : pressure drop [N/m?]
: heat flow [W]
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Re : Reynolds number [D,(U;+U,)p,/1; ]
Ry(1): exiting velocity of the particle from the test section [1/s]
St : stanton number defined in Eq. (23)

t : time [s]

T : boundary layer temperature [K]

Ty : heater surface temperature [K]

: internal bed temperature [K]

Ty : wall temperature [K]

U  : superficial velocity [m/s]

Ug : gas velocity [m/s]

Ugs : final gas velocity [m/s]

: initial gas velocity [m/s]

U; : liquid velocity [m/s]

U,,; : minimum fluidization velocity [m/s]

W : solid weight [kg]

X : dimensionless distance defined in Eq. (26)
y  : gas phase mole fration of oxygen

z  : axial distance [m]

J2|A 2K}

: thermal diffusivity [m%/s]
: phase holdup

: length of microeddy [m]

: contact time [s]

: viscosity [Pa.s]

: kinematic viscosity [m%/s]
: the circular constant

: density, [kg/m’]

: microeddy speed [m/s]

e © a < T ©3 Mo Q

]
El

: test section

: ambient region below the testsection
: gas phase

: liquid phase

: steady state

: relaxation state

v morC N — ok

: solid phase
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