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Abstract

This work investigated the effect of baffles on hydrodynamics and gas—liquid mass transfer in an internal-loop airlift contactor (ALC).
It was found that the introduction of baffles reduced liquid circulating velocity in the system. The riser gas holdup in the baffled contactor
was found to be higher than the unbaffled, but due to the lower liquid circulation, the use of baffles resulted in a decreased downcomer gas
holdup. The overall gas holdup and the rate of gas—liquid mass transfer were not significantly influenced by the presence of the baffles.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction [13] investigated gas—liquid mass transfer in an internal-loop
ALC with a motionless mixer placed in the riser. The report

Airlift contactors (ALCs) have outstanding advantages indicated that the motionless mixer increased a residence
over stirred tanks due to their simple construction, low time of bubbles in the system resulting in an enhancement
power consumption, and low shear force. However, nu- of “a” and also the gas-liquid mass transfer coefficient. Per-
merous numbers of work indicated that gas—liquid mass forated plates was introduced into a BC and an internal-loop
transfer k a) in the ALC was comparatively lower than ALC by Zhao et al. [14]. It was reported that the gas—liquid
that in bubble columns (BCs) [1-5]. Several mechanisms mass transfer rate depended on the trade-off between an in-
have been proposed to improve the gas—liquid mass transfecrease in &' (due to the breakup of bubble at perforated
rate in the ALC, for instance, a two split cylinder airlift ~plates) and a decrease ik_" (due to lower liquid velocity).
tower [6], a double draft tube system [7], a multiple draft Chen et al. [15] introduced mesh baffle-plates into a rectan-
tubes ALC [5], and a modified draft tube ALC such as a gular ALC and reported that, at low superficial gas velocity,
perforated draft tube [8], and a semipermeable draft tube the system performance was not different from a BC. How-
[9]; all of which had reported successful outcomes. Com- ever, at high superficial gas velocity, the mesh baffle-plates
prehensive reviews of the current state of knowledge on the broke large bubbles into small ones. This resulted in higher
ALCs were presented in [10,11]. kLa in the proposed ALC than that in the BC.

One common alternative for the modification of ALCs It is clear that the baffled ALC is significant as a potential
was to insert baffle-plates into the riser to obstruct the flows alternative system for the ALC due to their simple design
of liquid and gas bubbles. An example of this configuration and construction than other configurations. However, the in-
includes the system proposed by Lin et al. [12] who installed fluence of baffles on the performance of the ALC is still not
slanted baffles in a tower cycling fermentor. Lin et al. [12] thoroughly understood, and the reported results were some-
observed from the experiment that the presence of bafflestimes contradicted. It was the objective of this work to there-
enhanced thdg a value, and concluded that baffles broke fore investigate the behavior of the ALC when baffles were
large air bubbles into smaller ones and, hence, increased thénserted into the riser.
specific gas—liquid interfacial area)( Moreover, baffles fa-
cilitated turbulent conditions which provided relatively high
value of mass transfer coefficied §. Stejskal and Potucek 2. Experimental

* Corresponding author. Tel+66-2-218-6870; fax:}-66-2-218-6877. The ALC employed in this work was made of clear acrylic
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1385-8947/01/$ — see front matter © 2001 Elsevier Science B.V. All rights reserved.
PIl: S1385-8947(00)00385-5



552 T. Vorapongsathorn et al./Chemical Engineering Journal 84 (2001) 551-556

DO probe _— —_—
; g — |
Measuring port Draft tube i B
L N L Baffles -
Manometer DO meter L _ L
H, H,, 0000 R L
| L
Rotameter Alr Air
N, gas a) Airlift contactor b) Baffled airlift contactor
Fig. 2. The configuration of the ALCs employed in this work.
Fig. 1. Experimental setup of the ALC.
Table 1
Dimensions of the employed ALCs
Column diameterD (cm) 13.7
phenomena. Attached to the outer column of the ALC were Draft tube diameterDpr (cm) 9.3
a series of measuring ports (Fig. 1) for pressure drop mea-Unaerated liquid heighti, (cm) 104.5

Draft tube heightHpt (cm) 100

surement. The measuring ports also allowed easy injection
9p y Inj Nominal volume,V (1) 16

of color tracer for the liquid velocity measurement. Air was
sparged into the contactor by an air compressor and air flow
rate was controlled by a calibrated rotameter. Details of gas
holdups, liquid velocity and mass transfer measurementsthe reactors were identical (Table 1) with thg/A ratio
were provided in Appendices A-C. being unity in both cases. The draft tube of the ALC-B
Two ALCs were used (Fig. 2), a conventional draft tube contained three perforated baffle-plates (plate diameter
configuration (ALC) and an identical device installed with 6.5 cm; hole diametee= 3 mm; 8 holes per plate). Both re-
baffles in the riser (ALC-B). The various dimensions of actors were sparged through identical perforated pipe ring

60—

55

45

40 _
/./f PP -
35 A= el

30

Liquid velocity (cm/s)
3
ey
Y

10 a ALC i
5 x ALC-B 1

0 50 100 150 200 250 300 350 400
Specific power input (W/m®)

Fig. 3. Relationship between liquid velocity and power input in various configurations of ALCs.
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Fig. 4. The mechanism of dead zones in the ALC-B.

spargers (14 holes, 1 mm hole diameter). The specific powerbaffles into the riser caused a marked decrease in the lig-
input ranged from 73 to 357 W/nwhich corresponds to  uid velocity. This was because baffles obstructed a flow of
superficial gas velocity from 1 to 5.3 cm/s, respectively. liquid and, in effect, increased resistance to liquid flow. It
was found in the same figure that, in the baffled contactor,
the liquid velocity continued to increase with the increasing
3. Results and discussion power input. This was because the development of stagnant
regions underneath the baffles streamlined the flow path. In
The effect of baffles on liquid velocity in the ALC is contrast, the liquid velocity in the ALC no longer depended
depicted in Fig. 3. It was found that an introduction of on the specific power input foPg/ V. > 270W/m?3
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Fig. 5. Relationship between riser gas holdup and power input in various configurations of ALCs.
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Fig. 6. Relationship between downcomer gas holdup and power input in various configurations of ALCs.

(superficial gas velocity >4 cm/s). The development of the downcomer gas holdup than the baffled contactor (Fig. 6). It
stagnant regions beneath the baffles is shown in Fig. 4 foris interesting to note that, for the conditions of experiment
various of values of the specific power input. employed in this work, the baffles had negligible effect on
The use of baffles resulted in slight enhancement of the the overall gas holdup (Fig. 7) because the relatively higher
riser gas holdup relative to the configuration without the baf- holdup in the riser zone was compensated by reduced gas
fles (Fig. 5). A possible explanation of the holdup enhance- holdup in the downcomer.
ment was the reduced effective rise velocity of the bubbles The k_a was negligibly influenced by the presence of
because of the baffles. On the other hand, the higher lig-the baffles (Fig. 8) because the overall gas holdup (Fig. 7)
uid velocity in the ALC without baffles (Fig. 3) dragged and consequently the gas—liquid interfacial area were barely
more bubbles into the downcomer which resulted in a higher affected.
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Fig. 7. Relationship between overall gas holdup and power input in various configurations of ALCs.
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Fig. 8. Relationship between mass transfer coefficient and power input in various configurations of ALCs.

4. Conclusion Appendix B. Measurement of liquid velocities

Installation of cross-sectional baffles in an ALC reduces To measure the liquid velocities in the riser and down-
the rate of liquid circulation compared to the unbaffled con- comer, the color tracer was injected rapidly via the mea-
figuration. The perforated plate baffles installed in the riser suring ports of the column. The average times in riser and
may significantly enhance the gas holdup in the riser zone; downcomerf; andty, were measured as the time the tracer
however, because of reduced liquid circulation, the use of required to travel between the two points in the column. The
baffles causes a reduction in the gas holdup in the down-riser and downcomer liquid velocitie¥,, and VLd’ were
comer. As a consequence of these effects, the baffles havehen obtained from:
barely any influence on the overall gas holdup and on the L,
volumetric gas-liquid mass transfer coefficient. Vi, = . (B.1)

Ly

Appendix A. Measurement of gas holdups Vig = (B.2)

Iq

The overall gas holdup was estimated using the volume whereL; andLy are the distance where tracer pass through
expansion method where the overall gas holdug, was between the measuring ports in the riser and downcomer,
calculated from the dispersion heigHip, and the unaerated ~ feéspectively.
liquid height,H| .

Hp — HL (A1) Appendix C. Measurement of volumetric mass

EGo = ..
Hp transfer coefficient

Gas holdup in the downcomergg, and in the gas separa- ) )
tor, egs, Were measured using manometer, and the riser gas O2 mass transfer was measured using the dynamic

holdup, ey, was calculated from the following equation: ~ Method. The DO meter (Jenway model 9300) was located
in the riser to measure changes in DO in the dispersion,
e — HptArécr + HpTAdéGd and the value ok_a was calculated from integrating the
G0 = Hp(Ar + Ag) following mass transfer equation:
(Hp — Hpt)(Ad + Ar)égs dc
A2 - _ *_
Ho(Ar + A (A.2) g = ke -0 (C.1)

where Hpt, Ar, and Ay are the height of draft tube, the whereC is the bulk concentration of dissolved oxygen and
cross-sectional areas in riser and downcomer, respectively. C* the saturated concentration of dissolved oxygerCHif
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is assumed constant (which is a reasonable assumption for [5] H.-L. Tung, C.-C. Tu, Y.-Y. Chang, W.-T. Wu, Bubble characteristics

small scale systems), Eq. (C.1) can be integrated to and mass transfer in an airlift reactor with multiple net draft tubes,
- Bioprocess Eng. 18 (1998) 323-328.
In(1—-C) = —k.at (C.2) [6] M.E. Orazem, L.E. Erickson, Oxygen-transfer rates and efficiencies
in one- and two-stage airlift towers, Biotechnol. Bioeng. 21 (1979)
where 69-88.
C— C—Co (C 3) [7] A. Marga_riti_s, J.D. Sheppard, Mixing t_irr_le and oxygen transfer
T Cx — Co : characteristics of a double draft tube airlift fermentor, Biotechnol.
Bioeng. 23 (1981) 2117-2135.
andCy is the initial concentration of dissolved oxygen. [8] Y. Bando, M. Nishimura, H. Sota, S. Suzuki, Flow characteristics

of countercurrent bubble column with perforated draft tube, Chem.
Eng. Sci. 47 (1992) 3371-3378.

[9] D.G. Karamaney, C. Chavarie, R. Samson, Hydrodynamics and mass
transfer in an airlift reactor with a semipermeable draft tube, Chem.

B _ ) Eng. Sci. 51 (1996) 1173-1176.

Specific power input can be estimated from Eq. (D.1) (See [10] Y. Chisti, Pneumatically agitated bioreactors in industrial and

Appendix D. Specific power input

[16] for further detail). environmental bioprocessing: hydrodynamics, Appl. Mech. Rev. 51
(1998) 33-112.

& — % (D 1) [11] J.C. Merchuk, M. Gluz, Bioreactors, airlift reactors, in: M.C.

L Ar + Ag ' Flickinger, S.W. Drew (Eds.), Encyclopedia of Bioprocess

Technology: Fermentation, Biocatalysis and Bioseparation, Vol. 1,
Wiley, New York, 1999, pp. 320-353.
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