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Two geometric configurations of gas-liquid separators were used in split-channel airlift reactors (0.1 m?
liquid volume; riser-to-downcomer cross-sectional area = 1.45; aspect ratio = 3.6) to test the effect of
geometry on hydrodynamic performance and oxygen transfer behaviour. One of the configurations consisted
of the basic internal-loop airlift head region without added features; the other had a 45° -inclined prism
attached to the upper edge of the splitting baffle. For otherwise fixed conditions, the design of gas—liquid
separators affected the induced liquid circulation velocity, the depth of penetration of the bubbles in the
downcomer, the gas holdup in the downcomer and the mixing time. The overall volumetric gas-liquid
oxygen transfer coefficient was not affected. The gas holdup in the riser was only marginally affected by the
design of the separator; however, the relationship between the riser and the downcomer holdups was sensitive
to separator configuration. Incorporation of the prism in the basic airlift configuration enhanced gas—liquid
separation so much so that up to 30% reduction in the downcomer gas holdup could be obtained relative to
the unmodified geometry. The impact of the separator designs on hydrodynamic behaviour could be
explained as emanating from a combination of the gas—liquid separating ability of the design and its
hydraulic resistance.

KEYWORDS Airlift reactor Gas-liquid separator Hydrodynamics Oxygen transfer

INTRODUCTION

The many attractive features of airlift reactors have led to increasing usage of these
devices in environmental remediation technology, the chemical process industry and
the biotechnology-based manufacture (Chisti, 1989; Chisti and Moo-Young, 1987;
Onken and Weiland, 1983). Airlift reactors have an established niche in high-strength
activated sludge type treatment of wastewater where the high oxygen transfer capabil-
ity, low power requirements and nonmechanical agitation are particular advantages of
these systems (Chisti, 1989; Redman, 1987; Varey, 1992). Bioremediation of soil fines in
airlift devices is being investigated as a promising new pollution abatement application
of this technology (Chisti and Moo-Young, 1994). Similarly, applications in treatment
of gaseous effluents are expected (Moo-Young and Chisti, 1994).

An airlift reactor consists of a riser and a downcomer that are interconnected near
the top and the bottom of the reactor as shown in Figure 1. The riser is usually sparged
with a gas, commonly air. The downcomer is usually not aerated. Differential aeration
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bubbles in the downcomer, the relationship between the riser and the downcomer
gas-holdups, mixing characteristics, the induced liquid circulation velocity and the
overall volumetric oxygen transfer coefficient are investigated.

EXPERIMENTAL

The reactors used consisted of a Plexiglas vessel with a rectangular cross-section
divided into a riser and downcomer by a vertical baffle as shown in Figure 1. The
reactors differed only in the configuration of the head region. Two configurations were
investigated:a basic internal-loop head region without special features for gas—liquid
separation as in Figure 2a and a configuration with a 45° -inclined prism attached to
the upper edge of the vertical baffle (Figs. 1 and 2b). In both cases, the cross-sectional
area ratio of downcomer-to-riser was 0.689. The unaerated liquid heights were equal at
1.64 m. Because the prism occupied some volume and the aspect ratios were identical
for the two cases, liquid volume in the reactors differed slightly. The volumes were 0.106
and 0.108 m>, respectively, for the configuration with and without the prism. The riser
was sparged with air through a perforated plate sparger located at its base. The sparger
had 30 holes, 0.002 m in diameter, drilled on 0.0445 x 0.0255 m rectangular pitch. The
reactors were designed to prevent accumulation of solids at the base of the downcomer
in possible future applications. Thus, the base was inclined at an angle of 60° to the
horizontal to ensure that the flow would sweep any sedimented particles into the riser
where they could be resuspended by the upward flow of the slurry (Figure 1).

Tap water and air were the liquid and the gas phase, respectively. The air flow rates
were measured by a calibrated rotameter and the superficial gas velocity, based on the
cross-sectional area of the riser, varied over 0.017-0.135ms ™ !. Batch operation was
employed with respect to the liquid phase. All experiments were carried out at room
temperature and atmospheric pressure.

The gas holdups in the riser and the downcomer were determined manometrically
(Chisti, 1989). The riser and the downcomer each had manometric taps located at 0.45
and 1.35m above the base plate. Inverted water manometers were used.
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FIGURE2 Configurations of the head region:(a) without prism; (b) with a 45° inclined prism at low (left)
and high gas flow rates.
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The visually observed flow patterns in the two configurations of the head region are
depicted in Figure 2. In configuration a (Fig. 2), a local liquid circulation zone occurred
just inside the downcomer, close to the upper edge of the baffle. As the liquid flow
velocity increased, the flow separated from the edge of the baffle and a pocket of air,
attached to the upper edge, formed inside the downcomer. Similar observations were
previously reported (Choi et al., 1995) in a split-channel rectangular airlift device,
which, unlike the present configuration, had a downcomer that was larger than the riser
(A4/A, = 1.45). In contrast to the previous report, the size of the circulation zone and
the air pocket in the present configuration a were smaller. In configuration b, at low
values of the riser superficial gas velocities (U, < 0.034 ms ™ !), an air pocket attached
to the upper surface of the prism formed in the downcomer entrance (Fig. 2). A small
liquid circulation zone existed in the riser where the prism was attached to the vertical
baffle. As the gas flow rate increased, the air pocket disappeared and was replaced by
a zone of circulating liquid (dashed lines in Fig. 2b) that was not penetrated by the
gas bubbles. Disappearance of the pocket was cuased by the increasing hydrostatic
pressure above the prism as more liquid moved into the head zone with increasing
aeration rate and the level of the dispersion rose. Size of the liquid circulation zone near
the edge of the vertical baffle was small in comparison with configuration a. Even at
larger gas flow rates (Ug, > 0.035ms ™ ') a distinct step change was noticeable in the
levels of gas—liquid dispersion above the riser and the downcomer (Fig. 2b). The
upward directed high velocity stream of liquid issuing from the narrow exit of the riser
caused this effect. Visual observations confirmed configuration b to be an effective
gas—liquid separator.

As illustrated in Figure 3, the gas holdup in the riser was little affected by the
configuration of the head region; however, the holdup in the downcomer was strongly
affected. As expected, configuration a (Fig. 2) was the less effective gas—liquid separator
and allowed a greater carry-over of the gas bubbles into the downcomer, thus
producing a higher downcomer gas holdup for any given conditions (Fig. 3). In
comparison with previously published data for a configuration having a larger
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FIGURE3 Effects of the geometry of the head region on fractional gas holdups in the riser (¢,) and the
downcomer (£g,).
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FIGURE 5 Relationship between the gas holdup in the riser and the downcomer.

elsewhere (Chisti et al., 1995). The data for configuration b are located well below the
prediction of Eq. (2) which was developed for reactors without gas-liquid separators
(Fig. 5). As seen in Figure 5, configuration b is an effective gas-liquid separator
compared to configuration a. However, compared to external-loop airlift reactors in
which the relationship between the riser and the downcomer gas holdups has been
determined (Bello, 1981) to be

6a=0.79 &g, — 0.057, 3)

the configuration b is less effective (Fig. 5). Data for configuration b followed the
equation

£ga=1.029 &5, —0.066. )

The effects of the geometry of the head region on bubble penetration depth in the
downcomer are shown in Figure 6 as a function of the superficial gas velocity in the
riser. For the purpose of this work, the bubble penetration depth (H ) is defined as the
distance from the top of the vertical baffle to the bubble layer front in the downcomer.
Although, for both configurations, very small bubbles (approximately <2mm diam-
eter) did recirculate through the downcomer, such recirculation was disregarded in
measurements of the bubble penetration depth. The latter referred to penetration of
bubbles larger than about 3 mm. As shown in Figure 6, the bubble penetration depth
increased as the gas velocity increased. Similar results were reported by Choi et al.
(1995) for other configurations of split-channel airlift reactors. For configurations
a and b, at sufficiently large values of the gas velocity, the bubble front could reach the
bottom of the vertical baffle. Recirculation of gas was achieved beyond this critical gas
velocity as observed also by Choi et al. (1995).

The rapid rise in bubble penetration depth that accompanied the initiation of gas
flow in configuration a (dashed line in Figure 6) attested to the relatively low pressure



JLIIWN[OA [BISAO 3} ‘PaseaIdul A}100[aA sed [erogiadns ay) se ‘sased [joq uj "paonou
Sem suoneindyuod om) 9y jo duewIopad 2y} UVMIAq 0ULIBYIP JuBdyIuSIS ou
(S661 “I 12 10Y)) JasL1 9y} URY) 19FIB] 319M 1BY) SBIIE [RUOI}OSS-SSOIO JOWOIUMOP M
s1019®31 Ul vlEp paysijqnd A[snoiaaxd 03 I1se1)U0O U] 'g 2InS1] ul pajuasaid a1e suone
-InZyuod oM} 3y} 10§ JUIIDYI0D JJsueI) UIFAX0 SLIJAWN[OA [[BISA0 Y] UO BIBP YL
"9AIND JwN) FUIXIUI 31} JO INOIARYSq
3] YIM JUDISISUOD 2IOM SUOTIBAIISQO [ENSIA 353y |, "PaAoIduul sauoz-peap, Sunenoin
3y} pue weans Fune[naIw Y[nq 9y} uUseM}aq ping jo BuryoIul ¢, _sw g0 < 2N
10 "AJOJPA SeF Ul ISBAIOUI IYMNJ UM POSEId [IMOIS pUB J[qeISUN JUIBIAq
§9U0Z 3saY |, *; _SWIG("() INOQE 0} pasearour ajer moyy sed ay) se azis ur maig (eg 81g)
JoWOoOUMOP 2} JO 2UBIIUD Ay} PUE JSSLI Y} UI SSUOZ UonB[noII prnbip ay) eyl pamoys
SUONBAIISQO [ensIA “Fulxiw ul juswaAoidwi Jurpuodsalios ® pue 2)eI UOHEBNOID
pmbiy ur aseardur [ews pasnes A1100[9A sed ur aseandur Joyuny ‘(y ‘814) JurISUOD
paufewal 3jel UOHB[NOI pInbif oyl o[y (£ “S1) swm Jurxiwr pasva.our | _swgQQ
noqe o) dn aje1 moy sed Fuiseaou] -a[qrnpoidal Inq ‘[ensnun d1om & uoneInSyuod
ur s)nsay ‘q uonein3yuod ur £)100[A sed [eioylodns SUISBAIOUI YlIM PISEIINP
own Surxtw oYy (G661 “p 12 10y)) pusn [erousd popadxe 2yl yum Suideoy up
'L 210814 U UMOYS JIE dWI) BUIXIW U0 3U0Z Peay Y] Jo A1jow0ad 2y} Jo 1932 Y|,
"103y9 sIy} 1oj ajqisuodsal
sem ‘q u3sop ur uoneredss pinbij-sed 1a132q jo asneseq ‘mop pinbi piemumop
Toysy ay I 'q uoneIn3yuos ul 131[1e3 Pa1INId0 JAU0IUMOP Y} Jo uorenauad ajo[dwod
1BY] painsud q uoneindyuod ur ajer mop sed Fuisearour yum yidep uonensuad
ur 9su I9)sBj 9y} ‘B UONBINZYUOD Ul Palinddo A[jeniur sajqqnq sed jo uonensuad
1adaap ‘woneredss pinbij-ses 10od pue £jwopea pinbi feniur y3iy jo asnesaq ‘YSnoy
-[v "Iowooumop 2y} ojur Jadasp pajenauad sa[qqnq Yl pPuB ParIndoo IJSWOOUMOP
0jul MO 3[QQNq JO JASUO JA[IBI UE i({ 21N OS[E 335) )BT UONB[NIIIO PInbI| ur aseaIdul
od1e[  pasneo ojer Moy sed ul asearout 1y3is ‘sny | ‘uoneindyuos suy) £q pazago doip

"I3WI0dUMOP )
urjuoj 3[qqnq oy o () uonensuad jo yydap a1 uo uordal pesy oy jo Anawossd oyl jo sy 9TY noid

_“_um.c.__v N
GL'0 oLo S0'0 000
T T =000
q e [\
o o ....r 0g'0
NOLLYENIIINOD x\\
4090 -
h=]
3
—06'0 ~
3144vE
IYIILE3A —-Z1°0
40 WOLLOB
e e IR)

WIPRIOHDY'H™ QT



AIRLIC 1 RCACVIURD 11z

70 CONFIGURATION
O a
® b
60 -
0
z..n..m 50 |-
40 -
30 . :
0.00 0.05 0.10 0.15
Ugr (m-s™")

FIGURE 7 Effects of the configuration of the head region on mixing time (t,,).
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FIGURE 8 Effects of the configuration of the head region on the overall volumetric oxygen transfer
coefficient (k. a;).

oxygen transfer coefficient, k, a,, increased because of an increase in the overall gas
holdup and, hence, an increase in the gas—liquid interfacial area for oxygen transfer.
The oxygen transfer coefficient data could be correlated with the superficial gas velocity

using the equation:
kpa,=aUE,. &)

The values of @ and B for the two configurations are summarized in Table 1.
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