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Introduction

Bubblecolumnsareincreasinglyusedas gas-liquid
reactors and bio-reactors, because of theirmany advan-
tages. Gas holdup is necessary for reliable design of
bubble cclumns, so there have been many investiga-
tions!®).

Inaprevious paper®, the author studied the effects
of partition plates on gas holdup ina 16-cm I.D. bubble
columnwithandwithoutadraughttubeandobtainedthe
following correlation:

€/ E=1+(0.03N/d) (N

where the range of the parameters are d=0.1-1.0cm, N
<2,N/d <20 and V, = 1-20 cm/s.

But the effects of ratio B of the aerated area of the
partition plates on the gas holdup in a bubble column
and the applicability of Eq. (1) to bubble columns of
larger diameters remain obscure.

In this paper, the applicability of Eq. (1)toa31cm
I.D. bubble column and the effects of the ratio f3 of the
aerated area of the partition plates on gas holdup are
experimentallydetermined,andtheresultsarediscussed
and correlated.

1. Experimental

Two bubble columns were used. Both were made
of transparent acrylic resin. The 16 cm I.D. bubble
column was the column described in the previous
paper®. Fig. 1 shows the 31 cm I.D. bubble column with
three partition plates (B, C, D in Fig. 1). The height of
the 31 cm I.D. column was 350 cm.

The gas distributor of the 16 cm .D.column was
the perforated plate described in the previous paper®.
The gas distributor of the 31 cm [.D. bubble column (A
in Fig. 1) was a single nozzle of 5 cm [.D.. The nozzle
was set downward at the center of the columnand 10cm
above the bottom of the column.

The partition plates used were perforated plates
made of vinyl chloride resin. In the 16 cm [.D. bubble
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column, the partition plates were set in the same posi-
tions as described in the previous paper®. In the 31 cm
I.D. bubble column, one partition plate was set 100 cm
above the bottom of the column at N =1 (see C in Fig.
1). At N =2, two partition plates were set at 100 cm and
150 cm above the bottom (see C and Din Fig. 1). At N=
3, three partition plates were set 50 cm, 100 cm and 150
cm above the bottom (see B, C, D in Fig. 1). Holes were
set by square pitch on the partition plates. The pitch p
was changed to determine the effects of the ratio Bof the
aeratedareaofthe partitionplateson gasholdup. Details
of the partition plates used are listed in Table 1.

Theliquidusedwastapwateratroomtemperature.
During eachrun, liquid was neither fed nor discharged.
The clear liquid height was 134-135.3 cm in the 16 cm
I.D.columnand 181-182.5cminthe 31 cm [.D. column.
Air was used as a gas.

When gas layers were formed under the partitrion
plates, the thickness of the gas layer L was measured.

The average gasholdup was obtained from the dif-
ference in height of the bubbling and clear liquid layers.
Twokinds of average gas holdup, £, and &, were used.
£, is gas holdup in the case of no partition plates, and
&, is gas holdup that excludes the effects of gas layers.

2. Experimental Results and Discussion

2.1 Comparison between Eq. (1) and gas holdup at

large 3 in the 31 cm L.D. column

Fig. 2 shows a comparison between &, ., values
calculated by Eq. (1) using experimental values of &
and &, ., experimental values in the 31 cm I.D. bubble
column. It is clear from this figure that Eq. (1) shows
good agreement with experimental results in the 31 cm
I.D. bubble column.
2.2 Effects of ratio (3 of aerated area on gas holdup

Fig. 3 shows the effects of pitch p of the partition
plateson g, at N=3,d=5mm and n= 177 inthe 31 cm
I.D. bubble column. It is clear from this figure that the
gas holdup increases with p. When p becomes smaller at
a constant n, the ratio 8 of the aerated area becomes
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Fig.1 Sketch of 31 cm-L.D. bubble column with three
partition plates
A = gas distributor, B, C, D = partition plates
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Table 1. Details of partition plates used and experimental

conditions
No. D d n p B N V,

[em]  [mm] [ [mm] [%] [-1  [em/s]
1 16 2 45 5,10,20 5.64-83.3 1.2 1-20
2 16 4 45 5,10,20  6.25-85.6 1,2 1-20
3 16 4 185 10 100 1,2 1-20
4 31 3 177 7.5,10,20 13.3-90.6 1-3 1-393
5 31 S 177 7.5,10,20 13.8-91.8 1-3 1-39.3
6 31 10 177 20 94.9 1-3  1-39.3

smaller.

Fig. 4 shows the dispersion state of bubbles at
small 3, at which the holes in the partition plates are con-
centrated in the central part of the bubble column, as
shownin Fig. 4. Thus the dispersion of bubbles becomes
worse with decreasing B. This is the reason why &,
increases with p.

From the experimental results the following equa-
tion was obtained:

€/ E=1+(0.03N/d)B* 2

Fig. 5§ shows a comparison between Eq. (2) and
experimental results. It is clear from this figure that Eq.
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Fig. 2 Comparison between Eq. (1) and experimental gas
holdup at large Bin 31 cm-1.D. bubble column
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Fig.3 Effectof pitchp of holes of partition plates on €,,in the
31 cm-1.D. bubble column

(2) shows fairly good agreement with experimental
results.

It is concluded that Eq. (1) can apply to the gas
holdup in the 31 cm bubble column with three partition
plates at V, < 40 cm/s and that Eq. (2) expresses the
effects of the ratio of the aerated area of the partition
plates on gas holdup in the 16 cm and 31 cm I.D. bubble
columns.
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Fig. 4 Dispersion state of bubbles at small
A =bubble column, B = partition plate, C = gas layer,
D = aerated area, E = bubbling layer
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Nomenclature

a = V/A [cm]
A = cross-sectional area of bubble column [em?]
420
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Fig.5 Comparison between Eq. (2) and experimental gas
holdup
d = diameter of holes [mm]
d; = diameter of innermost shell which contains holes
on partition plate [cm]
D = diameter of bubble column [cm]
H; = height of clear liquid [cm]
H = height of bubbling layer [cm]
L = thickness of gas layer [cm]
n = number of holes [-]
N = number of partition plates (-]
p = pitch of holes [mm]
Vv = total volume of partition plates [cm?]
Ve = superficial gas velocity [em/s]
B = ratio of aerated area {= (d,;/ D)?} [-]
€00 = average gas holdup in absence of partition plates|[-]
&1 = average gas holdup which excludes the effects
of gas layer {= (Hr-H;-L) / (HyL-a)} [-1
1, cal &1 value calculated by Eq. (1) or (2) [-1
Elsexp = experimental value of & [-]
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