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Introduction

Since bubble columns are widely used in industry,
numerous investigations of their performance have been
carried out”. Most of them were done in standard bubble
columns. Recently, many invesigators have proposed
various types of bubble columns for a variety of uses!-2 %
9, Odawara et al.? discussed fundamental characteristics
in bubble columns containing multiple draft tubes with
perforated plates and pointed out the efficiency of multi-
ple draft tubes with regards to volumetric mass transfer
coefficient.

In this study, we experimentally investigated the
effects of multiple draft tubes with perforated plates on gas
holdup ¢ and volumetric mass transfer coefficient k;a in
a bubble column with a single-hole sparger as a gas distrib-
utor.

1. Experimentals

The inner diameter and height of the bubble column
used were 0.15 m and 2.0 m, respectively.

The diameter and length of each draft tube were both
0.10 m. The cross-sectional area of the draft tube and the
annular part were 0.00785 and 0.00817 m?, respectively.
Details of the perforated plates (0.003 m thick) are listed
in Table 1. The holes were set in a square pitch over the
whole cross section of the plates. The various types of draft
tubes are shown in Fig. 1.

Air was used as the gas and the liquid used was tap
water at 303 K. The unaerated liquid height Z, was kept at
1.05 m. Details of the measurement and the calculation
methods for ¢ and k;a are shown elsewhere”.

The flow patterns observed in this bubble column
were similar to the observations of Odawara et al.®
Under the conditions of this study, no lumps of gas were
visually observed below any of the perforated plates. A
lump denotes a gas layer* ¥ forming within the inner diam-
eter of the draft tube.

* Received March 18, 1994. Correspondence concerning this article
should be addressed to H. Kawasaki.
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2.  Results and Discussion
2.1 Effectson ¢

Figure 2 shows the effect of the superficial gas veloc-
ity ugp and the number N of draft tubes with perforated
plates (hole diameter d = 0.003 m) on ¢. From this figure,
it is found that ¢ for each N increases with 1 and that plots
reveal two straight regions with different slopes. As the
number of bubbles per unit volume becomes large, bubble
collision frequency becomes higher?. Therefore, compared
with the case at low ugy, the value of ¢ at high ug, grad-
ually increases with ugy due to greater bubble coalescence.
Since ¢ is directly proportional to N at the same ugy in both
regions, the performance of each draft tube with perforated
plates is identical.

From a study of the effect of d of the perforated plate
on ¢ at N =5, it is found that the highest ¢ value is given
at d = 0.003 m and that at d = 0.009 m little effect on ¢ is
observed. This shows that a bubble generated from the
distributor has a mean diameter of about 0.009 m. Also,
when a single hole sparger with a diameter of 0.003 m is
used as a distributor, ¢ at d = 0.003 m is considerably large
compared with ¢ at d = 0.006 and 0.009 m. This result
suggests that an optimal size exists for the hole diameter
or the area ratio of the holes to the cross section of the draft
tube.

2.2 Effectsonk;a

Figure 3 shows the effects of ugy and N on k;a
measured under the same conditions (d = 0.003 m) for ¢
measurement. From this figure, it is found that k;a for each
N increses with ugp and there are two linear regions. Since
the dependency of ugg on ¢ at high ugg decreases due to
greater bubble coalescence, it seems that the dependency
of ugg on k;a declines due to a decrease in interfacial area.
Also, the figure shows that the value of k;a at N =5 is high-
est and that each draft tube with a perforated plate has
identical performance for k;a.

The dependency of ugp on kza at low ugy is slightly
greater than that on ¢. This difference between the depen-
dency of ugp on ¢ and kza shows that there are other effects
in addition to that on ¢. From this fact, we consider that
interfacial renewal, which is caused by transformation,
coalescence, break up and other processes involving
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Table 1. Details of perforated plates used

d n P r

[m] [-] [m] [-]
a 0.003 161 0.007 0.145
b 0.006 161 0.007 0.580
c 0.009 78 0.010 0.632
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Fig. 1 Schematic diagram of various types of contained draft
tubes with perforated plates
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Fig. 2 Effect of ugo and N on ¢

bubbles, influences mass transfer rate. Here, transforma-
tion describes the case of passing through a hole, which has
the smaller diameter than the mean bubble one, without
bubble subdivision. As a result, it seems to influence the
k; value.

From analysis of the effects of d on k;a at N=35, it
is found that the highest k;a value is given at d = 0.003 m
and that the value at d = 0.006 m is nearly equal to the high-
est kza. The effect of multiple draft tubes with perforated
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Fig. 3 Effect of ugg and N on k;a

plates at d = 0.006 m on ¢ was minor, although the effect
on kza was large. In this case, it seems that both interfacial
renewal and the rise of the gas-liquid interfacial area caused
by transformation and bubble subdivision effectively
enhances k;a. Even in the case of d = 0.009 m, a small
increase in k;a was observed.

Nomenclature
Ay = total area of hole [m?]
Ap = cross sectional area of perforated plate [m?]
a = gas-liquid interfacial area per unit aerated liquid
volume [1/m]
d = hole diameter of perforated plate [m]
kra = volumetric mass transfer coefficient [1/s]
N = number of draft tube [-]
n = number of hole [-]
= pitch [m]
r = area ratio defined by Ay /Ap -1
UGo = superficial gas velocity [m/s]
¢ = average gas holdup [-]
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