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Bubble size distribution and gas–liquid mass transfer in airlift contactors

Porntip Wongsuchoto, Tawatchai Charinpanitkul, Prasert Pavasant∗
Department of Chemical Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok 10330, Thailand

Received 2 January 2002; accepted 18 May 2002

Abstract

This work investigated the distribution of bubble size in annulus sparged airlift contactors (ALCs). Increasing gas velocity in the ALC
considerably reduced the size of the bubble and shifted the distribution of bubble size from the normal to log-normal types. Bubble size was
found to decrease along the axial distance in the riser of the ALC. Moreover, an increase in the ratio between the cross-sectional areas of
the downcomer and riser was found to result in the decreasing bubble size at high superficial gas velocity. Spargers with a large number of
orifices led to a larger bubble size in the system. In contrast, it was found that a comparatively broad bubble size distribution was caused by
employing a gas sparger with less number of orifices. This work also examined the gas–liquid mass transfer characteristics of the ALC in
forms of mass transfer coefficient and specific interfacial area which were individually evaluated. It was found that the specific interfacial
area, rather than the mass transfer coefficient, played a more significant role in controlling the overall rate of mass transfer in the system.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Gas–liquid mass transfer is a crucial factor in the design
of biological processes particularly aerobic systems where
dissolved oxygen in liquid phase can easily become a re-
action limiting factor. Often the rate of gas–liquid mass
transfer is empirically determined from the time profile of
dissolved oxygen concentration in the system where infor-
mation about bubble size and its distribution is neglected.
However, a number of evidences have emphasized the sig-
nificance of bubble properties in controlling the mass trans-
fer in gas–liquid contacting systems. For bubble columns,
bubble size was usually found to decrease with increasing
gas input to the system, and therefore, high gas–liquid in-
terfacial area was obtained at high gas throughput[1–5].
This was in contrast with a finding of Bochholz et al.[6],
who investigated the relationship among bubble diameter,
gas holdup and volumetric mass transfer coefficient. They
reported that bubble coalescence become more significant at
higher rate of gas throughput in a pilot scale bubble column.

Bubble size was reported to decrease with axial distance
along the column height[7,8]. Types of gas sparger were also
found to have remarkable effect on bubble size distribution
in bubble columns. Hebrard et al.[4] reported that the use
of perforated gas spargers led to a larger bubble size and
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broader bubble size distribution than those obtained from
porous or membrane spargers. Meanwhile, Camarasa et al.
[9] showed that various types of spargers provided different
bubble size distributions resulting in different gas holdup
profiles in bubble columns.

In airlift contactors (ALCs), the volumetric mass trans-
fer rate was often reported as a function of operating and
design parameters. Only a few investigations have looked
through bubble size distribution in the ALC. Miyahara
et al. [10] stated that bubble size distribution in the ALC
exhibited the log-normal form which indicated that there
existed a larger portion of small (3–4 mm), rather than
large (4–6 mm), gas bubbles in the system. Miyahara and
Hayashino[11] demonstrated further that this distribution
varied with gas throughput such that bubble diameter be-
came larger and size distributions became broader with an
increase in superficial gas velocity (usg). These results were
attributed to the predominance of bubble coalescence at
low usg (0.003< usg < 0.03 m/s). In contrast, Colella et al.
[8] proposed some mechanisms for bubble coalescence
and breakage in the annulus sparged ALC and concluded
that higher superficial gas velocity tended to break bubbles
into smaller size rather than to coalesce into bigger ones.
The relative frequency of small bubble was found to be a
function ofusg and axial distance from the sparger.

The investigation on the bubble size distribution in the
ALC is still limited and, thus far, there has not been suf-
ficient information on effects of design parameters on the
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Nomenclature

aL specific gas–liquid interfacial area
based on liquid volume (m2/m3)

Ad downcomer cross-sectional area (m2)
Ar riser cross-sectional area (m2)
dB equivalent size of the bubble (m)
dBs Sauter mean bubble diameter (m)
Dl diffusivity (m2/s)
f(dB) relative frequency of bubble size,dB
HD dispersion height (m)
HL unaerated liquid height (m)
g gravitation acceleration (m2/s)
Gr Grashof number (d3

Bsρl�ρg/µ
2
l )

Hdt draft tube height (m)
kL mass transfer coefficient based on

liquid phase (m/s)
kLaL overall volumetric mass transfer

coefficient (s−1)
Re Reynolds number (dBsνsρl/µl )
Sh Sherwood number (kLdBs/Dl )
u∞ terminal rise velocity of bubbles (m/s)
uL superficial liquid velocity (m/s)
usg superficial gas velocity (m/s)
νs slip velocity (m/s)
x axial distance from the sparger (m)
�h distance between pressure measurement

points (m)
�P hydrostatic pressure difference between

two measuring points (N/m2)

Greek symbols
δ standard deviation (m)
εg,o overall gas holdup
εg,d downcomer gas holdup
εg,r riser gas holdup
µl viscosity (kg/(m s))
ρl liquid density (kg/m3)
ρg gas density (kg/m3)
� surface tension (N/m)

Subscripts
r riser
d downcomer
T total

size distribution of bubbles. This work, hence, intends to
examine the bubble size and its size distribution in the an-
nulus sparged concentric ALC. The dependence of bubble
characteristics on the contactor design and operating condi-
tions is comprehensively investigated. This work also scru-
tinizes the effects of bubble sizes on the overall gas–liquid
mass transfer (kLaL) in ALCs. An empirical model for
the prediction of the mass transfer coefficient will be
proposed.

2. Experimental

2.1. Apparatus

A schematic diagram of experimental setup for this work
is shown inFig. 1. Experiments were carried out in a trans-
parent cylindrical column with a height of 1.2 m and a di-
ameter of 0.137 m. The column was equipped with pressure
taps at distance of every 0.1 m along the contactor height
for the measurement of pressure drop,�P which was used
to determine the riser gas holdup,εg,r. A draft tube with a
height of 1 m was inserted into the column where a clear-
ance between the column base and the end of the draft tube
was fixed at 5 cm. The ratio between cross-sectional areas
of downcomer and riser was altered by changing the draft
tube diameter of which the dimension is provided inTable 1.
The unaerated water level was controlled at 3 cm above the
top of these draft tubes. Experiments were operated in a
semi-batch operation where a continuous air flow was sup-
plied through a perforated ring sparger into the water-filled
column. Air flow rate was controlled by a calibrated ro-
tameter to give a range of superficial gas velocity,usg from
0.0059 to 0.0737 m/s. The air spargers employed here were
perforated rings made of a 0.8 cm diameter PVC tubing with
1 mm orifices. The sparger was located at the base of annular
section. Three spargers with different orifice numbers, i.e.
5, 14 and 30, were employed to investigate the effect of gas
sparger on bubble size,dB. Table 2summarizes the detail
on specifications of each contactor employed in this work.

2.2. Measurements

2.2.1. Bubble size distribution
The measurements of bubble size and its distribution

were performed in the riser using a photographic technique.
The sizes of not less than 200 bubbles were measured
for each experiment. At steady-state, images of bubbles

Table 1
Dimensions of draft tubes

Draft tube Internal
diameter (m)

External
diameter (m)

Ad/Ar

1 0.093 0.10 1
2 0.0735 0.079 0.43
3 0.034 0.04 0.067

Table 2
Specification of ALC used in this work

Key Ad/Ar Number of orifices
on sparger

ALC-1 0.067 14
ALC-2 0.43 14
ALC-3 1 14
ALC-4 1 30
ALC-5 1 5
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Fig. 1. A schematic diagram of experimental setup employed in this work.

were photographed using a digital video camera (SONY
DCR-TRV20E) at three different heights (x): 0.1 m (bottom
section), 0.5 m (middle section) and 0.9 m (top section)
from the base of the draft tube. The correction to real size
was based on the scale attached to the draft tube, which
was at the same focal distance as the measured bubbles.
In fact, the focus was adjusted on the scale and only the
well-focalized bubbles were measured. For ellipsoidal bub-
bles, the major and minor axes of bubble images were
measured. The equivalent size of the bubble (dB), repre-
senting the diameter of a sphere whose volume is equal to
that of the bubble, can then be calculated[4,5].

2.2.2. Determination of hydrodynamic and mass transfer
behavior of ALCs

2.2.2.1. Gas holdup. The overall gas holdup,εg,o was de-
termined by the volume expansion method. The unaerated
and aerated liquid heights were measured andεg,o was then
calculated from the following:

εg,o = HD − HL

HD
(1)

The riser gas holdup,εg,r was estimated by measuring
the pressure difference,�P between the two pressure taps

located along the height of the column,�h where

εg,r = 1 − �P

ρlg�h
(2)

It was assumed that gas holdup in the top section was ap-
proximately equal to that in the riser, and therefore, the
downcomer gas holdup,εg,d can be computed from:

εg,d = εg,oHD(Ad + Ar) + (HdtAd − HD(Ad + Ar))εg,r

HdtAd

(3)

2.2.2.2. Liquid velocity. Liquid velocities both in the riser
and downcomer were measured using the color tracer tech-
nique. The pressure taps were employed as injection points
of the color tracer and the travelling time of color tracer be-
tween the two points in the contactor was measured for the
calculation of liquid velocity.

2.2.2.3. Gas–liquid mass transfer coefficient.The overall
volumetric mass transfer coefficient (kLa) was determined
by the dynamic method[12–15]. A dissolved oxygen meter
(Jenway 9300) was used to record the changes in concen-
tration of O2 in a batch of water that had previously been
freed of O2 by bubbling through with N2.
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3. Results and discussion

3.1. Error compensation in photographic technique

The measurement of bubble diameter in this study was
taken along axial direction. The radial distribution of bub-
ble size was not observed as the annulus of the employed
ALCs had a rather small cross-sectional area where the
distance between the inner and outer columns was only
1.85–4.85 cm, which was approximately in the same order
of magnitude with the bubble. This did not allow precise
measurement of bubble sizes along the radial direction.
The measured sizes of bubbles were subject to error due
to the curvature of the column surface. To account for
this error, an object with a known size was placed along
radial direction in the column and its picture was taken
for size compensation. The error was then calculated and
used as a correction factor for subsequent measurement.
Note that the error due to the curvature of the column sur-
face was approximately±15%. Fig. 2 is an example of
photographs of bubbles obtained from this measurement
technique.

3.2. Bubble size distribution as a function of superficial
gas velocity

Fig. 3 shows that there was a wide range of bubble sizes
in ALC-3 and the distribution of bubble size varied with su-
perficial gas velocity (usg). Note that, due to the equipment
limitation, the ALC could only be operated with a limited
level of usg. The maximumusg for each ALC depends
markedly on the ratio between the downcomer and riser
cross-sectional areas (Ad/Ar) such that ALC with higher
Ad/Ar could be operated with higher level ofusg. The max-
imum usg for ALCs with Ad/Ar of 0.067, 0.43 and 1 were
0.0415, 0.0516 and 0.0737 m/s, respectively.

Fig. 3 illustrates that, at a low level ofusg (<0.01 m/s),
the bubble size distribution at the bottom section of the ALC
were narrow (standard deviationsδ of 1.1–2.3 mm) and

Fig. 2. An example of photograph of bubbles at the middle section of
ALC-5 at usg = 0.0296 m/s.

followed the normal distribution type (results from ALC-1,
ALC-2, ALC-4 and ALC-5 showed similar trends but were
not displayed here for a brevity purpose). It can be seen from
the figure that a majority of gas bubbles in the system at this
condition had a diameter of 6.0–8.0 mm. However, the same
figure illustrated that, at lowusg, the distributions of bubble
sizes at the middle and top sections of the ALC deviated
significantly from the normal type. This variation of bubble
distribution along the column height will be explained in
the next section. For cases whereusg was between 0.02 and
0.04 m/s, there appeared two or more distinct peaks in the
distribution curve which implied that at least two dominant
sizes of bubbles were present in the system. For instance,
Fig. 3 demonstrates that, atusg of 0.0296 m/s, there ex-
isted a group of relatively large bubbles with diameters of
7.0–8.0 mm and the other group of smaller bubbles with
diameters of 4.0–6.0 mm. Due to the presence of various
dominant groups of bubble sizes, the distribution of bubble
size became broader (δ of 1.4–2.7 mm), and the bimodal
or multimodal distribution was best to describe the size
distribution in this range ofusg. At high usg (>0.05 m/s),
large bubbles disappeared and smaller bubbles with diam-
eter of 3.0–6.0 mm dominated the system. The bubble size
distribution in this range ofusg had a standard deviation
of 1.2–3.6 mm and was well described by an asymmetric
log-normal distribution curve. This finding reveals clearly
that an increase inusg reduced the number of large bubbles
and increased the number of smaller size bubbles: the re-
sults which were in good agreement with those reported by
Mahajan and Mahajan[3].

This shift in bubble size from large at low range ofusg to
small at high range ofusg indicated that there was bubble
breakage taken place in the system. According to Prince and
Blanch [16], bubble breakage was caused by energy from
turbulent eddies of appropriate size obtained from interac-
tions between bubbles. Literature has shown that an increase
in usg led to high liquid velocity[17–19]and this might be
responsible for the enhancement of turbulent intensity. In
other words, higherusg resulted in greater turbulent inten-
sity which caused more bubble breakage and led to a reduc-
tion in average bubble size as illustrated inFig. 4. However,
further increase inusg (>0.05 m/s) was no longer observed
to have significant effect on bubble size. This may be due
to the stability of small bubble against the breakage mech-
anism at highusg [20,21].

3.3. Axial variation of bubble size distribution

The bubble size was found to depend significantly on the
axial location in the ALC.Fig. 4 shows that the average
bubble size at the base of the contactor was found to be the
largest and it continued to decrease as bubbles moved along
contactor height. This implied that there existed a breakage
mechanism of bubbles. This finding was in good agreement
with some reported measurements in bubble columns[7,8]
and in the ALC[11].
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Fig. 3. Frequency distribution of bubble sizes in ALC-3 at varioususg: (1) usg = 0.0085 m/s, (2)usg = 0.0296 m/s and (3)usg = 0.0593 m/s.

In view of bubble size distribution, there was a slight
difference in terms of transition of bubble size distribu-
tions (unimodal to bimodal or multimodal and to log-normal
types) along the column height. In other words, changes in
the types of distribution occurred at different levels ofusg.
For instance, at the bottom section of ALC-3 inFig. 3, the
transition from unimodal to bimodal or multimodal distri-
butions occurred atusg of as high as 0.0296 m/s, whereas
this transition at the top part took place atusg of as small as
0.0085 m/s. This result was attributed to the bubble break-
age along the column height which resulted in a high pro-
portion of small bubbles at the higher section where the
distribution curve tended to shift faster towards the small
size region.

3.4. Bubble size distribution and the ratio between riser
and downcomer cross-sectional areas

To investigate the effect of the ratio between the down-
comer and riser cross-sectional areas (Ad/Ar), the experi-
ment was conducted in the system with three differentAd/Ar,
i.e. 0.067 (ALC-1), 0.43 (ALC-2), and 1 (ALC-3).Fig. 5
summarizes the results from these experiments where it was
found that, at low gas throughput (usg < 0.0296 m/s),Ad/Ar
did not significantly affect bubble sizes. However,Ad/Ar
tended to have an influence on bubble size and its size dis-
tribution at high gas throughput where the ALC withAd/Ar
of 0.43 (ALC-2) was found to give the smallest bubble
size.
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Fig. 4. Relationship between average bubble diameter,dB and superficial
gas velocity,usg along axial location in ALC-3.

3.5. Effect of gas sparger on bubble size distribution

The effect of gas sparger on the distribution of bubble
sizes in ALCs is illustrated inFig. 6. The average bubble
size tended to increase with increasing orifice number of
sparger. Bubbles from the sparger with 30 orifices seemed
to coalesce quickly once they left the orifices. This was
because each orifice was close to each other which facilitated
the coalescence between new-born bubbles. In this context,
bubbles from the sparger with five orifices should be the
smallest in size, which was true in most cases but not at the
bottom section where average bubble size was found to be
much larger than at other sections. It was also found that
the distribution of bubble size at this situation (five orifice
sparger) was much wider than other cases. This might be
due to the high pressure in the sparger with less number of
orifices which caused new-born bubbles to be very large in
size and these bubbles broke rapidly after leaving the orifice.

Fig. 5. Relationship between average bubble diameter,dB and cross-
sectional area ratio between the downcomer and riser,Ad/Ar .

Fig. 6. Relationship between average bubble diameter,dB and orifice
number,n along axial location.

3.6. Overall volumetric mass transfer coefficient (kLaL)
in airlift contactors

The relationships between the overall volumetric mass
transfer coefficient,kLaL in the ALC with various param-
eters are shown inFig. 7. This demonstrates thatkLaL in-
creased withusg but decreased with increasingAd/Ar, whilst



P. Wongsuchoto et al. / Chemical Engineering Journal 92 (2003) 81–90 87

Fig. 7. Relationship between experimental data of overall volumetric mass
transfer coefficient, (kLaL )T and superficial gas velocity,usg.

the influence of number of holes in sparger onkLaL was
negligible in the range of condition employed in this study.
The following sub-sections investigate the influence of these
parameters onkLaL in detail.

3.7. Determination of overall gas–liquid mass transfer
coefficient (kLaL)

With information on bubble size distribution, it was pos-
sible to estimatekLaL in terms ofkL andaL separately. The
specific interfacial area,aL is defined according toEq. (4)
where bubbles are assumed to be spherical with an average
diameter ofdB

aL = 6εg

(1 − εg)dB
(4)

Gas holdups,εg were directly measured from the experi-
ments, whereas the bubble diameter,dB employed in the de-
termination ofaL in Eq. (4) is usually reported as “Sauter
mean diameter,dBs” or surface volume mean diameter which
can be calculated from

dBs =
∑

nid
3
B,i∑

nid
2
B,i

(5)

whereni is the number of bubbles with diameterdB,i. As
reported in previous sections, the bubble size in the riser,
dB,r was not uniform along the axial direction. For each
experimental condition, specific interfacial area in riser,aL,r
was, therefore, calculated using information on bubble size
distribution along the column height together with riser gas
holdup,εg,r which was assumed to be uniform in both radial
and axial directions as follows:

aL,r = 1

Hdt

∫ xr=Hdt

xr=0
aL,xr dxr

= 1

Hdt

6εg,r

(1 − εg,r)

∫ xr=Hdt

xr=0

1

dBs,xr

dxr (6)

Fig. 8. Relationship between specific interfacial area in riser,aL,r and
superficial gas velocity,usg.

It is worth noting here that the integration inEq. (6) was
performed by dividing the ALC into three sections: bottom,
middle and top, and all bubbles in each section were assumed
to have the same size. The relationships betweenaL,r and
usg for the various ALCs in this work are shown inFig. 8.

Due to the limitation of the photographic technique, the
direct observation of bubble size in downcomer was not pos-
sible. The average bubble size in downcomer,dB,d was es-
timated from experimental data on liquid velocity in down-
comer,uL,d using the Levich equation[22], Eq. (7). ThedB,d
was then assumed to be equal to the size of bubble with a
terminal velocity equal to the liquid velocity in downcomer.

According to Levich[22]:

dB,d = 1.8

g

(uL,d

2

)2
(7)

It was assumed further that there was no variation of bubble
size along the radial and axial directions in downcomer.
Therefore,

dBs,d = dB,d (8)

TheaL,d was calculated from the substitution ofdBs,d from
Eq. (8) together withεg,d (from experiment) intoEq. (4).
The circulating velocities (in terms of downcomer liquid
velocity) in the ALCs were measured and are displayed in
Fig. 9.

The mass transfer coefficient,kL was commonly reported
as a function of properties of liquid and bubble size[23–26].
Several empirical and theoretical correlations for the deter-
mination of mass transfer coefficient,kL for various systems
are given and summarized in Skelland[27], Treybal [28],
Welty et al.[29] and Stanley[30]. Eq. (9)is often employed
as an initial point for the establishment ofkL correlation.

Sh= a + bGrc︸ ︷︷ ︸
free rise bubble

+
forced convection︷ ︸︸ ︷

d Ree (9)
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Fig. 9. Relationship between superficial liquid velocity in downcomer,
uL,d and superficial gas velocity,usg.

Generally, Grashof number,Gr represents mass transfer by
natural convection or free rise velocity whilst Reynolds num-
ber,Reis for mass transfer by forced convection. The param-
etersa–e in Eq. (9)are determined experimentally.Eq. (9)
requires that slip velocity,νs and Sauter bubble diameter,
dBs are known in a priori.

The Sauter mean bubble diameter in the riser,dBs,r was
calculated from the information ondBs,r along the column
height as follows:

dBs,r = 1

Hdt

∫ xr=Hdt

xr=0
dBs,xr dxr (10)

The Sauter bubble diameter in downcomer,dBs,d was cal-
culated fromEq. (8). The slip velocity was also calculated
separately in each section of the ALC. The slip velocity in
the riser,vs,r is a function of the terminal rise velocity of
a single bubble,u∞ which is modified to account for hin-
dering effects from neighboring bubbles in the riser[31–35]
such that:

vs,r = u∞
(1 − εg,r)

(11)

The terminal bubble rise velocity,u∞ can be calculated using
the correlation developed by Jamialahmadi et al.[36]:

u∞ = (1/18)(ρl − ρg/µl)gd2
Bs(3µl + 3µg/2µl + 3µg)

√
(2σ/dBs(ρl + ρg)) + gdBs/2√

[(1/18)(ρl − ρg/µl)gd2
Bs(3µl + 3µg/2µl + 3µg)]2 + 2σ/dBs(ρl + ρg) + gdBs/2

(12)

It was assumed here that bubbles in the downcomer had
terminal rise velocity equal to liquid velocity and bubble size
was uniform along the column height. The slip velocity can,
therefore, be estimated from the downcomer liquid velocity:

vs,d = uL,d (13)

SubstitutingdBs,r in Eq. (10)andns,r in Eq. (11)into Eq. (9)
leads to the correlation for the determination ofkL,r where
the same procedure can be applied fordBs,d (Eq. (8)) and
vs,d (Eq. (13)) to yield the correlation forkL,d.

Fig. 10. Comparison of (kLaL )T estimated byEq. (15)with values observed
in this work.

3.8. Comparison between kLaL from experiment and
prediction

The mass transfer rate for the entire contactor was ex-
pressed in terms of the overall volumetric mass transfer co-
efficient (kLaL)T and this can be calculated from the sum of
the mass transfer rates in riser and downcomer as follows:

(kLaL)T = (kLaL)rVL,r + (kLaL)dVL,d

VL,T
(14)

whereVL,r is the volume of liquid in riser,VL,d the volume
of liquid in downcomer andVL,T the total volume of liq-
uid. The (kLaL)r and (kLaL)d in this equation are obtained
from the product betweenkL,r andaL,r, andkL,d andaL,d,
respectively.Fig. 10illustrates the comparison between the
predictedkLaL from Eq. (15) and the experimental value
which shows that there was a good agreement between the
two when parametersa–e in Eq. (9)were equal to 0.5, 1.07,
0.469, 0 and 0, respectively (note that these parameter were
obtained from the solver function in the MS Excel 97 where
the objective was a minimal error between experimental and

simulation data).Eq. (9)now becomes:

Sh= 0.5 + 1.07Gr0.469 (15)

Eq. (15) indicates that whend = 0, Re disappears, which
means that forced convection has no effect on the mass trans-
fer. This finding reveals that the mass transfer in the ALC
employed in this work depended primarily on the natural
convection, and not the force convection.
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Fig. 11. Effects of superficial gas velocity,usg on (a) overall specific
interfacial area,aL,T and (b) overall mass transfer coefficient,kL,T.

3.9. Evaluation of kLaL in the ALC

Fig. 11 demonstrates the variations of overallkL (kL,T)
andaL (aL,T) with usg in all of the ALCs employed in this
work which reveals thataL varied almost linearly withusg
whilst kL only slightly changed withusg. Therefore, it should
be reasonable to conclude that the increase inaL with usg in
the ALC was the main factor responsible for the increase in
kLaL (seeFig. 7). This increase inaL was attributed to the
increase in the overall gas holdup (Fig. 12) and the decrease
in the bubble size with the gas throughput (Fig. 4). Fig. 11
demonstrates that the change in bubble size withusg did not
cause a drastic deviation in the value ofkL, and therefore,
changes inkL only slightly affect the overall volumetric mass
transfer coefficient.

Fig. 11 also describes the effects ofAd/Ar on kL andaL
(ALC-1, ALC-2 and ALC-3). The ALC with largerAd/Ar
rendered the liquid circulating velocity to be faster (Fig. 9)
and this reduced gas holdup in the system (Fig. 12). Al-
though the bubble size in a largeAd/Ar ALC was found to
be smaller than ALC with smallAd/Ar (at highusg), its ef-
fect on the enhancement of specific mass transfer area was

Fig. 12. Effects of superficial gas velocity,usg on (a) overall gas holdup,
εg,o and (b) riser gas holdup,εg,r .

overwhelmed by the reduction in gas holdup. This resulted
in a smalleraL in ALCs with high Ad/Ar. In contrast, the
increase inAd/Ar did not seem to have significant influence
on the mass transfer coefficient,kL. Hence, the decrease in
kLaL with Ad/Ar in Fig. 7 was mainly due to the decrease
in aL.

Fig. 7 indicates that the influence of number of orifices
in the sparger onkLaL was negligible in the range of con-
ditions used in this study. This was verified by the analysis
in this section and the results inFig. 11 (ALC-3, ALC-4
and ALC-5) revealed that bothkL andaL were found not to
be influenced by the number of orifices in the sparger. As
aL varies inversely with the bubble size and since a larger
number of orifices resulted in a larger bubble size, the ALC
with this type of sparger should have led to a system with
a smalleraL. However, the results clearly illustrate that this
was not the case andaL in ALC-4 (30 orifice sparger) was
found to be similar toaL in ALC-5 (five orifice sparger).
This was because the effect of the larger bubble size on the
specific area was compensated by the effect of larger overall
gas holdup in the system.
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4. Conclusion

This work illustrated the effect of various design and
operating parameters on bubble size distribution in the
ALC. The results suggested that, with a proper design of
the ALC, one might, to some extent, be able to control the
bubble behavior in the system. A technique for the estima-
tion of specific interfacial area based on the information
on bubble size distribution was then proposed along with
the development of an empirical correlation for the pre-
diction of mass transfer coefficient. It was shown that a
thorough investigation on the effect of various parameters
on the rate of gas–liquid mass transfer could be performed
with additional data on bubble size distribution. This is
particularly useful for further development and control of
the ALC for applications where gas–liquid mass transfer is
important.
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