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Abstract—Phase holdup and axial mixing characteristics of liquid phase were investigated in a slurry bubble
column with a single nozzle as a gas distributor. In air-water-sand system, gas and liquid velocities ranged
from 0.962 to 15.312 cm/sec and 0 to 3.457 cm/sec, respectively, and size and concentration of solid particles
ranged from 0.0068 to 0.046 cm in diameter and 0 to 0.20 g/cm®. Experimental results showed that gas holdup
in slurry system was larger than that in air-water system, and it was not influenced by slurry velocity and
solid concentration. Also, estimated terminal velocity of a bubble based on gas holdup data by using bubble
rising velocity was lower than that in the two phase system with perforated plate. By contrast, liquid holdup
decreased with increasing gas velocity and solid concentration, and it was not influenced by slurry velocity.
At higher gas velocity(about 4 cm/sec), axial dispersion coefficient of liquid phase in the slurry system was
lower than that in the air-water system and it was larger than that for using perforated plate. In this conditions,
estimated axial dispersion coefficient of liquid phase could be expressed as follows.
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Fig. 1. Schematic diagram of experimental apparatus.

1. Bubble column 9. Pressure gauge

2. Pressure/sample tap 10. Holding tank

3. Nozzle 11. Air compressor

4. Manometer 12. Tracer injection

5. Needle valve point

6. Circulation pump 13. Conductivity cell
7. Storage tank 14. Conductivity meter
8. Air filter 15. Recorder
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Fig. 2. Axial distribution of gas holdup.
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Fig. 3. Typical solid concentration profiles.
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Fig. 4. Effects of superficial gas velocities and mean solid
concentration on gas holdup in the batch-shury sys-
tem.
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Fig. 5. Effect of particle size on gas holdup in the batch-
slurry system.
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Table 1. Correlating parameters for gas holdup

C,, g/cm® 0.02 005 0.10 0.15 0.20
d,, cm \ a b a b a b a b a b
0.0068 208 285 191 265 234 223 247 218 225 227
0.0115 167 29.1 232 229 253 225 206 264 262 223
0.0137 172 308 224 237 262 221 248 234 258 254
0.0194 167 286 208 292 211 272 225 261 213 271
0.0230 194 270 183 290 237 246 207 279 190 276
0.0275 150 317 179 282 1.81 245 187 267 204 231
0.0324 168 279 177 261 1.80 266 1.78 264 - -
0.0385 1.56 309 1.74 268 170 258 1.80 280 - -
0.0460 157 309 188 234 - - - - - —
1.0
§ Deckwer(1980) : d,<5 pm
£=20.05 !
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—’_._'__)4:_
N — P
0.2 ‘ /1” [~
- -~ "Kato(1972) :
. d,=80-149 ym 08}
&=0.05
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Fig. 6. Comparison of gas holdup with the literature data.
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Fig. 7. Effects of gas velocity and mean solid concentra-
tion on liquid holdup in the batch-slurry system.
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Fig. 8. Effects of gas and slurry velocities on axial disper-
sion coefficient of liquid phase.
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Fig. 9. Comparison of axial disperson coefficients of li-
quid phase for two phase with those for three phase
system.
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:solid concentration [g solid/cm® of slurry]
: mean solid concentration [g solid/cm® of slurry]
: particle diameter [cm)

Dy :axial dispersion coefficient of liquid phase in

slurry system [cm?/sec])

h  :liquid level from nozzle exit in manometer tube
fem]
H :column height {cm]
L :length of test section [cm]
Pe :Peclet number, yL/Dy [-]
t  :space time in test section [sec]
W, :terminal rising velocity of a bubble [sec]
u. :average circulation velocity of liquid phase [cm/
sec]
u, :mean rising velocity of a bubble [cm/sec]
u :interstitial liquid velocity {cm/sec]
U; :superficial velocity of gas phase [cm/sec]
Us  : superficial velocity of slurry [cm/sec]
x :axial distance from nozzle exit [-]
z  :dimensionless axial height, x/H [-]
a2jo|A X}
& :fractional gas holdup [-]
&  :fractional liquid holdup [-]
g :fractional solid holdup [-]
ol :variance [sec?]
oy :dimensionless variance [-]
pe :gas density [g/cm®]
p;  :liquid density [g/cm®]
ps  :solid density [g/cm?]
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