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ABSTRACT

An experimental data in a bubble column (BC) for a gas holdup as a function of superficial gas
velocity, pressure, temperature, hole diameter of perforated plate distributor, and column diameter
were obtained using commercial hexane (liguid phase) in a batch wise and air (gas phase) in a

continuous wise.

Resulis shows there was a positive influence for the gas velocity, pressure, and temperature, and
negative influence for the whole diameter, and no influence for the column diameter on the gas

holdup.

The following simple dimensionless correlation for predicting gas holdup is suggested.

eg = 0.041(Re Fr? )0‘2 (Af )_0'04 exp[0.0l(P + P, )]

INTRODUCTION

Bubble columns (BCs) are widely used in
chemical, petrochemical, and biochemical
process industries as absorbers, fermenters and
gas-liquid reactors due to their simple
construction, and good interphase mixing
characteristics. Gas holdup is the basic
parameter  indicating the hydrodynamic
behavior of BCs. It characterizes the retention
of bubbles in the column and is indicative of
their residence times, bubble velocity, and
effective interfacial area, thus affects the mass
transfer rates. So it is one of the necessary and
important parameters for the design of BCs.
Ges holdup may be defined as the fractional
gas volume in two or / and three phase gas
dispersions. It is related with bubble diameter
and interfacial area by:
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Many research works have been conducted
on gas holdups in BCs. A good review of this
sudject has been given by Shah et al. "), where,
most of the works are devoted to the air-water
systems under ambient conditions. Ozturk et
al. ™ studied a comprehensive set of organic
liquids in order to assess the influence of the
liquid and gas properties on the gas holdup and
to check on the applicability of the previously

published correlation. They ' found that the
correlation of Akita and Yoshida ¥,  Eq. (2),
and of Hikita et al. “l, Eq. (3) give the best fit.
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Zou et al. ¥ studied gas holdup in a BC of
10 cm in diameter and 1.05 m in height
operated at elevated temperatures (25 — 96.56
°C) for the systems air-water, air-alcohol, and
air-5% NaCl solution. They " found that the
operating temperature influence remarkably
gas holdup in a BC. The reason is mainly that
the sizes of the bubbles in the liquid are
smaller at elevated temperature. A gas holdup
correlation implicating the effect of the
operating temperature was developed with an
average deviation of 3.1% in the form:
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The relationship between the gas holdup
and the temperature is basically similar to the
change tendency of the vapor pressure of the
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liquid with temperature. Therefore, the vapor
pressure of the liquid phase can be used to
indicate the effect of temperature on the gas
holdup @,

Saxenal® reported that the gas holdup
exhibit a characteristic qualitative dependence
on air velocity, where its valus at a particular
gas velocity decreases with an increase in
temperature, the rate being faster at lower
temperatures and the values almost identical at
the two higher temperatures, particularly at
higher air velocities.

Oyevaar et al.!” found that the gas holdups
as well as the interfacial areas in the BC
increase  with increasing operating pressure.
The magnitude of the pressure influence
depends on the superficial gas velocity. This
positive influence of pressure on the gas
holdups and the interfacial areas in the BC
originates from the formation of smaller
bubbles at the gas distributor.

Deckwer and Schumpe!® reported that the
experimental studies concerning the effect of
operating pressure on gas holdups, the
researchers conclude that the gas holdup
increases with increase in operating pressure.
Dewes ! also noted the positive influence of
pressure on gas holdup.

The BCs as industrial scale absorbers,
strippers, scrubbers, fermenters, and gas-liquid
reactors is considerably growing as various
aspects of these columns. Most of the previous
studies are, however, limited to air-water at
ambient conditions despite the fact that most
BCs in industry are operated under a wide
range of temperature and pressure using
various gas-liquid systems, the contradictory
among the results of the available works
concerning temperature effects, and the
limitation of the work concerning the effect of
temperature and pressure together, so this work
aim to:

I. Predict gas holdups for a BC with
commercial hexane as a liquid phase and air
as a gas phase on a semi-batch basis under
different conditions of temperature and
pressure in connection with hole diameter
of perforated plate distributor and column
diameter,

|38

Suggestion a relation gives gas holdups
taking into account the various parameters
concerned.

EXPERIMENTAL

The experimental apparatus is shown in
Fig.I. Two BCs of stainless steel 1.5 m long
each, one of 15 cm inside diameter (ID) with
7.5 mm wall thickness, and the other of 7.5 cm
ID with 6 mm wall thickness, were separately
used. Pressure drop along the column were
measured via eight valves (equally spaced 20
¢m between each two valves and 5 cm between
the upper and lower valves with column ends).
The upper cover was provided with safety
valve, outlet (needle) valve, and filling valve.
The lower cover was provided with one-way
(check) valve for entering gas, and drain valve.

Three distributors of perforated plate type
with each BC were separately used. The
distributors differ in hole diameters 0.51.0:
and 1.5 mm). The distributors used with BC of
7.5 cm ID contains 21 holes, while those used
with BC of 15 cm ID contains 84 holes, Fig.2.
The number of holes on distributors for the two
columns was designed to give same free area
(Ag).

Air (gas phase) was supplied by means of U
compressor (19), via the gas bottle (30). Two
calibrated rotameters (26) of (0-4) m’/hr
provided with a valve were connected in
parallel, used to measure the flow rate (of the
air). Then air introduced to BC (1) through the
distributor (2), where the contact with liquid
phase attains. The air leaves the column (1)
through outlet valve (31). :

Commercial  hexane (narrow boiling
mixture of n-hexane and iso-hexanes) of 85%
Wt n-hexane was selected as a test liquid
(liquid phase). The test liquid was fed to the
specified height, 85 cm, in the column (1),
where it was used on a batch basis.

Pressure drop along the axial height of the
column was measured via pressure taps (8)
using differential gauge pressure (10). The
column pressure was controlled by means of a
pressure controller (27).

Tape heaters (12) of 400 watt, were used to
achieve the desired bulk temperatures of the
test liquid. The rate of heat input was
controlled using temperature controller (14).

All experiments were carried out under
same conditions of pressure 0, 2.5, 5, 7.5, and
10 atmosphere gauge and temperatures 235, 50,
75, 100, and 125 °C on a semi-batch basis in
the two BCs mounted in a vertical position.
Tables (1) and (2) shows the experimental
results obtained.
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RESULTS AND DISCUSSION

As shown in Figs. (3) and (4), the gas
holdup is mainly dependent on the superficial
gas velocity, it increases with increasing
superficial gas velocity.

Figs. (3) and (4) also shows . that gas
holdup increases with decreasing hole diameter
(free area). This confirms that the smaller
bubbles give higher gas holdups, consequently
good mixing.

Figs. (5) and (6) shows that the operating
pressure and temperature has a positive
influence on the gas holdup. The positive
influence is due to formation of smaller
bubbles in the liquid at elevated pressures and
temperatures.

CORRELATION DEVELOPMENT

Dimensional analysis was used to derive a
correlation to predict the gas holdup. The
suggested correlation is of the form:

Gy &

gg = C](ReFrz) 2 Af3Exp[C4 (P+P\, )] (5)
The group of (ReFr’) give the effect of
superficial gas velocity along with the
important physical properties (density and
viscosity) and to cancel the effect of column
diameter. The term (A; was put to give the
effect of distributor. And (P + P,) term gather
the effect of temperature and pressure on the
gas holdup.

With the hep of dimensional analysis
program, the final form of the correlation is as
follows:

By = 0.04](Rc Fr’ )D-': (a;) "% exdooip < 2,)] (6)

The absolute average relative deviation
(AARD) =9.357x 10”%, and the standard error
of estimation (SEE) = 1.12 x 107 and with
+93.9% of the data was within (£ 20%)
accuracy limits, Fig. (7).

CONCLUSIONS

1. the superficial gas velocity has the most
significant  positive effect on the gas
holdup.

2. The operating pressure and temperature
has positive influence on the gas holdup.

3. The hole diameter of the distributor used
has a negative influence.

4. The distributor of 0.5 mm hole diameter
exhibits higher values of gas holdup
compared with the other hole diameters,

5. The column diameter has no effect on the
gas holdup.

6. The present data indicate that the popular
correlations of gas holdup which have
been found to hold under ambient
conditions might lead to grossly erroneous
predictions if they are extrapolated to the
conditions used in this work.

7. The simple correlation developed (Eg. 6)
successfully explain the effects of various
parameters concerned in this work.

Notation

As Free area, equal to (1otal area of (-)
holes/area of distributor)

2 Specific gas-liquid interfacial  (m%/m?)
area

G Constants of correlation (4) (=)

d Diameter (m)

g Gravity acceleration (m/s2)

P Pressure (atm)

E, Vapor pressure (atm)

u Superficial velocity (m/s)

Dimensionless Numbers

Bo Bondnumbcr={dfplg/c})

Fr Froude numbcr=(ug /4gd;)

Ga Galilie numbcr=(dzp|2g/u12)
Mo Morton number = ( gu? /picB )
Re Reynolds number = ( pl“gdc /“I )

Greek Letters

g Holdup ()
H Viscosity (kg/m . s)
p Density (kg/m?)
o}

Surface tension (N/m)

Subscripts

b Bubble

c Column

g Gas phase

h Hole

I Ligquid phase
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Table (1): Gas Holdup (&, x 10%) Datain a BC of 7.5 em L D.

N GDN 2 RAFE TR PRS0 S
3.1438 a y E - 2] - =
6 2876 Q 121 139 - 106 113 9.0 9.5 = -
9431+ [e] 16.0 17.8 - 13.4 14.0 - - - 111 12.0 - - -
12,5752 Q 19.0 203 - 15.8 163 - - 13.8 142 - - =
15.719 Q 21.6 13.5 - 17.9 18.3 - 15.4 16.1 - = =
18.863 o 242 260 20.0 20.8 - - 17.0 18.0 . =
3.1438 2.5 8.0 8.7 9.4 10.1 73 7.5 7.9 8.5 6.3 6.7 7.0 7.5 -
&.2876 2.5 122 120 15.0 16.0 - 11.1 11.8 12.4 135.2 - 9.5 10.1 10.6 11.2
9.4314 2.5 T3] iRe 194 ‘Zos 14.1 148 157 169 12.0 128 134 142 -
12.58758 2.3 204 22,1 20.0 258 168 17.8 19.0 202 - 14.6 152 160 17.0 -
15.719 2.5 233 2I.Y  ITT 295 - 19.1 202 216 23.1 - 164 178 182 192
18.863 25 262 28.0 31.1 333 - 21.5 222 242 260 18.1 193 201 212 -
3.1438 5 8.4 9.4 10.0 107 115 TS 3.0 8.3 8.9 9.5 8.7 7.3 1.7 82 53
6.2876 s 13.3 147 157 17.0 180 | 1.7 124 13.0 13.7 146 | 10.4 11.0 1.6 12.3 133
9.4314 5 18.1 190 204 210 231 148 154 166 176 185 | 13.0 13.7 14.5 156 162
12575 s 21.8 23.0 247 262 280 | 197 188 202 210 225 | 154 162 17.2 183 195
15.719 5 24.92 268 285 310 330|203 219 230 241 257|173 185 196 207 12.5
18.863 s 282 300 320 342 351 (230 24.7 256 272 285|192 204 216 23.0 24.5
3.1438 7.5 8.7 .7 10.2 11.0 11.8 8.1 8.5 9.1 2.7 10.6 6.9 7.5 7.8 8.5 93
6.2876 7.5 14.3 15.3 16.4 17.0 18.5 12.3 13.0 14.0 15.0 156.0 10.5 11.3 12.3 13.2 143
9.4314 7.5 19.2 19.7 21.0 224 240 | 1S6 162 179 193 205 | 140 147 156 170 18.4
12.575 7.5 23.0 245 26.9 27.9 29.2 18.7 20.0 21.7 230 247 16.1 17.5 19.0 20.5 220
15,719 g e 6.5 283 300 317 337 | 21.6 228 247 265 282 | 183 196 215 236 250
18.863 7.5 30.0 31.9 341 360 380 | 24.4 255 27.4 293 31.5 | 208 21.2 230 255" 276
3.1438 10 9.2 192 108 1.7 122 5.5 9.0 9.6 104 11.0 7.3 7.5 8.4 9.0 9.8
6.2876 10 14.9 18.0 17.0 18.2 19.5 12.8 13.6 14.9 16.1 7.1 11.4 12.0 12.8 13.8 15.0
94333 10 200 21.5 225 233 254 | 163 179 194 210 222 | 14.6 150 160 177 191
12.57S 10 240 6.0 279 290 311 | 197 212 230 252 270|168 179 195 212 2328
15.719 10 282 300 320 331 359 | 228 250 3270 290 31.0 | 192 203 3223 240 260
18.863 10 3.4 338 363 375 400 | 258 27.8 300 322 333 [ 214 228 238 270 290
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SO TSE

“.2 - . =

7.0 - - - €.0 6.3 - - -

o4 = 3 - 7.6 5.0 - e o e

113 . - - 5.0 .5 - . .

12.5 - - - 1.3 107 - = -

140 - - - 1.0:0 12.0 . . <

1.5719 2.8 5.1 5.5 5.9 6.4 - 4.8 4.9 52 5.6 - 4.2 4.4 4.7 5.0 3

3.1438 2.5 8.0 8.7 9.4 10.0 - 7.0 7.5 7.9 8.4 - 6.3 6.7 7.0 7.4 .

4.7157 2.5 1.5 1.5 125 134 - 92 9.7 105 11 - 8.0 8.5 9.0 5.5 -

6.2876 2.5 12.7 13.9 15.0 16.0 - 133 I 33 YR - 5.5 0.0 0.8 M) -

7.8595 2.5 15.0 16.0 17.3 18.7 - 12.3 13.3 141 15.2 - 10.9 11.5 12.1 12.9 -

94314 2.5 17.0 18.0 19.2 20.7 - 14.0 14.7 15.6 16.%9 - 11.9 12.8 13.) 14,1 .
1.571¢9 5 5.5 6.0 6.5 7.0 7.6 .7 5.1 5.4 5.8 6.2 4.4 4.7 5.2 5.5 58
3.1438 5 B.4 .3 9.9 107 11.5 7.5 i._D £.3 5.8 9.4 &9 24 2.7 8.2 ° 3%
4.7157 5 11.2  12.2 13.0 142 152 9.6 104 108 1L5 122 5.4 %.2 9.7 10.6 11.a
6.2876 5 135 14.6 15.6 16.9 17.9 1.7 123 13.0 13.7 14.5 10.2 109 11.6 12.3 132
7.8595 s 15.8 17.0 18.0 1935 =207 | 133 143 150 15% 169 | 116 125 132 140 150
9.4314 5 18.0 190 201 2183 230 | 147 136 165 17,5 184 | 128 137 145 155 167
1.571%9 7.5 5.5 6.0 6.4 6.8 7.5 5.0 5.4 5.9 6.4 6.9 4.6 4.9 5.3 5.6 5.9
3.1438 L 8.7 9.6 10.3 11.0 11.8 7.9 8.5 2.0 9.7 10.5 6.9 7.4 7.8 2.5 " 93
4.7157 7.5 11.7 126 135 14s 155 (100 110 117 127 138 | B6 9.4 10.2 110 M19
6.2876 7.5 14.2 15.3 16.3 17.0 18.4 12.3 13 Ja.0 15.0 16.0 10.4 11.3 12.2 33 14.3
7.8595 7.5 16.5 17.7 190 200 21.5 | 13.% 150 163 173 18,5 | 12.0 130 140 151 163
9.4314 7.5 181 19.6 20.9 22.3 23.9 15.5 16.1 17.8 19.2 20.5 13.5 14.4 15.3 16.3 18,2
1.5719 10 5.8 6.3 6.7 7.3 7.8 5.2 5.7 6.1 6.6 7.0 a8 ] 5.5 6.0 6.6
3.1438 10 54 10.2 10.7 1.7 122 e £9 9.6 10.4 11.0 7.3 G Yoy 4 8.3 E.9 9.8
<4.7157 10 12.2 13.2 147 15.0 16.3 10.7 2 E 12.3 13.3 143 9.4 1c.0 10.9 116 12.6
6.2876 10 147 159 169 180 154 | 127 136 149 160 17.0 (114 120 127 137 149
7.8595 10 17.3 187 199 21,0 22.9 | 148 158 17.0 186 201 § 12.6 3.5 146 160 170
9.4314 10 2000 23.5 22.5 232 253 |163 179 194 210 22.1 [ 145 150 159 176 190

Table (2): Gas Holdup (&, x 10°) Data in a BC of 15¢m 1. D.

i s

1. Bubble column 2. Distributor 3. Check vaive 4. Discharge valve

5. Inlet valve 6. Level indicator 7. Sampie valve 3. Pressure tap

9. Seleczion box 10. DifTerential gauge pressure 11, Accessory valve

12. Healing tape 13. Power supply source 14. Temperature controller
15, Bulk temperarture thes sphe 16. Surface temperature thermocouple

17. Seiecror switch 13. Temperature reader 19. Air compressor

2GC. Needle valve 21, 22, 23, 24. Three-way valve 25. Pressure gauge

26 Rotameler with valve 27. Pressure coniroller 28. Temperature indicator
29 Corndenser 30. Surge 1ank 31, Outlet vaive

Fig. (1) Experimental apparatus
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No. of holes = 4+8+12+16+20+24=84

(b)

No. of holes = 4+7+10=21

Fig. (2) Distribution of BCs used
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Fig.(3) Experimental gas holdup vs. superficial gas
velocity at 25°C and 0 atm gauge for a column
diameter of 7.5 cm and different hole diameter of
distributor.
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Fig.(4) Experimental gas holdup vs. superficial gas
velocity at 25°C and 0 atm gauge for a column
diameter of 15 cm and different hole diameter of
distributor.
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Fig.(5) Experimental gas holdup vs. column
pressure for a BC column of 7.5 ¢cm ID and
distributor of 0.5 mm d, as a function of superficial
gas velocity and column temperature.
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Fig.(6) Experimental gas holdup vs. column
pressure for a BC column of 15 ¢cm ID and
distributor of 0.5 mm d, as a function of superficial
gas velocity and column temperature.
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Fig. (7) Comparison between calculated and experimental gas holdup
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