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Abstract— The characteristics of circulation of slurry suspension by bubble-agitation in a bubble column with a
draft tube have been studied in a 8.90 cm L.D.x 150 ¢cm high acryl column. The circulation time and the degree of dis-
persion of fluid were measured by the analysis of Residence Time Distribution which were obtained by the pulse in-
put of tracer. Static pressure gradient and local gas holdup in the riser and downcomer sections were calculated using
the measured pressure profile in each section. The circulation time of suspension was diminished compared with that
of solid-free liquid in the bubbly and transition flow regimes. An energy balance was made over the circulating fluid in
the bubble column as the control volume and from which a polynomial equation with a velocity of the suspension as a
variable was obtained. The velocities of suspension calculated from the steady-state numerical simulation of the poly-
nomial equation which is dependent on the local gas holdup of each section of bubble column, physical properties of
suspension, the ratio of the cross-sectional area of inner to outer column and the length of the draft tube, could explain
the characteristics of circulation of suspension in a solid-suspended bubble column with a draft tube very well.
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Fig. 1. Schematic diagram of bubble column for
the representation of control volume.
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1. main column 9. humidifier

2. draft tube 10. gas rotameter

3. distributor 11. thermometer

4. air compressor 12, tracer injector

5. air filter 13. conductivity probe
6. regulator 1 14. conductivity meter
7. regulator 2 15. recorder

8. CO, removal column 16. pressure taps

Fig. 2. Schematic diagram of experimental ap-
paratus.
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Fig. 3. Measurement of local pressure along the
height of bed.
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Table 1. Experimental conditions

Variables Condition of operations

Mean diameter of glass
beads (pm)

Slurry concentration 20, 40, 6.0
(vol %)

Superficial gas velocity 1.60, 2.10, 3.10,
based on cross-sectional 4.20, 5.20
area of outer column
(cm/sec)

47.0 , 69.0 , 91.0
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Fig. 6. Effect of particle size on the overall gas
holdup (U, = 2.10 cm/sec).
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NOMENCLATURE

A, : free area for liquid flow between riser and
downcomer [m?]

A, : cross-sectional area of downcomer [m?)

A, : cross-sectional area of riser [m?

Bo : Bodenstein number, U,Lo/D; [-]

C  : concentration of tracer [mol/m?]

C.. : ultimate homogeneous concentration [mol/

m°)

sistmst H2TH M4z 19891 8E

fr
ol
o

C, : dimensionless concentration, C/C,_[-]

D, : diffusivity of species in liquid phase [m?/s]

d; : diameter of draft tube [m]

d, : diameter of outer tube [m]

d, : volume surface mean diameter [m]

E; : total energy input rate [W]

E, : energy loss in bottom section (W]

E, : energy dissipation due to bubbles in the riser
(W]

E, : energy dissipation due to bubbles in the
downcomer [W)

E, : energy loss in top section [W]

fp + Darcy-Weinsbach friction factor at bottom
section [-]

fry @ Darcy-Weinsbach friction factor at top section
{~

f; : fanning friction factor in the riser section [-]

f, : fanning friction factor in the downcomer sec-
tion (-]

by : gasliquid dispersion height [m]

L, . length of circulation path [m]

n . number of circulation [~]

P, : pressure at the top of outer section of draft
tube {N/m?

P4 @ pressure at the top of inner section of draft
tube [N/m?]

t : time [s)

[ : circulation time [s]

t,  mixing time [s]

U, : bubble rising velocity [m/s]

U, : arithmetic mean of U, in bubble column
[m/s]

Ug @ superficial gas velocity [m/s]

Ugo : superficial suspension velocity in downcomer
[m/s]

Ug, : superficial suspension velocity in riser [m/s]

U, : superficial liquid velocity [m/s]

Vgo : interstitial suspension velocity in downcomer
(m/s]

Vg, : interstitial suspension velocity in riser [m/s]

X . location in the circulation loop [m]

Greek Letters

0 : density (kg/m?]

p, : density of liquid [kg/ m3]

pg : density of slurry [kg/m’]

u : viscosity [N-s/m?]

&g : overall gas holdup [-]

€go : gas holdup in the downcomer [-]

€ : gas holdup in the riser [-]

B : volume fraction of solid [-]

T

: circulation time, t/t_ [-]
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