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Transfer Characteristics in Mechanically Stirred Airlift Loop
Reactors with or without Static Mixers
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Abstract The mechanically stirred internal loop airlift reactors equipped with or without static mixers are devised
for intensification of gas-liquid mass transfer rate. The influences of superficial gas velocity, agitation or static
mixers on gas hold-up, mixing time, liquid circulating velocity and volumetric mass transfer coefficient have been
investigated with tap water and carboxymethyl cellulose (CMC) aqueous solution. The experimental results indicate
that mechanical agitation is more efficacious than static mixer in highly viscous media for improving mass transfer
in airlift reactors. The empirical correlation of volumetric mass transfer coefficient with apparent viscosity, and
energy consumption for mechanical agitation and aeration is developed.
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1 INTRODUCTION

Airlift reactors have received much attention for ap-
plication in biochemical and chemical industries be-
cause of their simple geometry, uniform mixing and
low power consumption. However, it has been gener-
ally recognized that the gas-liquid mass transfer rate
in conventional internal airlift loop reactors is lower
than that in bubble columns. On the other hand,
viscous media are frequently encountered in chemical
or biochemical processes. High viscosity induces bub-
ble coalescence, leading to deterioration of interphase
mass transfer. Therefore, improvement of mass trans-
fer in airlift reactors is desired. Employing a stirrer
and/or a static mixer may be useful for intensifica-
tion of the performance of mass transfer in an air-
lift reactor(!~3]. However, only a few investigations of
airlift reactors employing static mixers or mechanical
agitation are available/®”). In this work, gas holdup,
liquid circulating velocity, mixing time, energy dis-
sipation and the overall volumetric oxygen transfer
coefficient are investigated with tap water and non-
Newtonian aqueous CMC solution systems (5, 16 and
24g-L™!). The flow index K is equal to 0.0096, 0.3325
and 1.304Pa-s™ and the flow consistency n equal to
0.9723, 0.809 and 0.7363 respectively in the power law
model.

2 EXPERIMENTAL

The experimental apparatus is outlined in Fig. 1. The
reactor (D = 0.14m, H = 1.4m, V, = 0.02m®) was
made of plexiglass. The diameter of riser was 0.1 m.
The cross-sectional area ratio of downcomer to riser
was 1.086 for reducing flow resistance, and H¢ was
1.04m. Two SMV-12 static mixer elements® were
mounted in the upper riser. The mechanical impeller
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was placed inside of the lower part of riser above the
gas ring sparger over the reactor bottom. The im-
peller was a pitched disk turbine with 4 blades with
a diameter of 0.085 m. Four baffles were placed above
and below the impeller respectively to avoid the for-
mation of vortex.. The gas and liquid flow upward in
the riser. The average gas hold-up value is obtained
by the volume expansion method. The overall liquid-
side volumetric mass transfer coefficient Kj,a was de-
termined with an oxygen meter by means of the dy-
namic gas dissolution method. The liquid flow charac-
teristics (liquid circulating velocity and mixing time)
were measured with two conductometers in tracer ex-
periments. The mixing time was defined as the time
required to achieve a specific percentage of concentra-
tion homogeneity (95% of its final value) within the
reactor after the tracer (KCl Solution) was injected'"!.

Figure 1 Schematic diagram of internal airlift loop
reactor with static mixers
I—rotameter; 2—external column; 3—draft tube;
4—static mixers; 5 baffle; 6—impeller;
T—gas ring sparger; 8—electromotor; 9-— pump;
10—oxygen electrode; 11—data card; 12-—computer;
13-—conductometer
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The total energy consumption rate Pp was as-
sumed to be the sum of the individual contribu-
tions from aeration and propeller operation. The en-
ergy dissipation due to aeration P was calculated by
Eq. (1) proposed by Chistil!"]. The energy dissipated
by propeller operation Pp was estimated by Eq.(2)
suggested by Onkenl!'!).
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3 RESULTS AND DISCUSSION
3.1 Gas hold-up

The &g increases with the increase of N and
gas superficial velocity Uy with/without static mix-
ers (Figs. 2 and 3). It also generally decreases with an
increase of fluid viscosity due to bubble coalescence
(Fig.3). Larger bubbles rise faster in the riser and
make £ reduced. The static mixers reduce bubble
diameter owing to the shear rate enhanced by static
mixers. On the other hand, static mixers reduce lig-
uid circulation velocity. These two factors increase €.
The effect of static mixers on ¢, in low viscosity liquid
(waterlike) is larger than in highly viscous liquid. So
static mixers are more efficient in low viscosity fluids.
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Figure 2 Effect of viscosity, impeller speed and static
mixer on gas hold-up in tap water and 24g L~
aqueous CMC solution (Ug = 0.055m-s™})
gL : A0AO0 M ¢ 24, O 24, m

m: with static mixers

3.2 Liquid circulating velocity

In this study, Uy increases with the increase of
superficial gas velocity Ug and impeller speed N as
shown in Fig.4 when no static mixer installed. In
the presence of static mixers, Uy, is lower than that
without static mixers, because the increased resistance
to fluid flow. When there are static mixers in the
riser of the airlift reactor, the variation tendency of
Uy, presents two different aspects. When the impeller
speed is moderate (0 to 500r-min~'), Uy increases

with the increase of Uy, and when N is higher (1000
to 2000 r-min_l), Up, decreases with the increase of
Uy instead. It was observed in the experiment that
blocking gas pockets appeared around the impeller,
and disturbed the flow of liquid. When U, is big-
ger than 0.05m-s™*, U, does not decrease any longer
(Fig. 4). A suitable impeller speed must be chosen for
the operation of an impeller airlift reactor.
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Figure 3 Effect of viscosity, Ug and static mixer on
gas hold-up in tap water and 24 g-L~! aqueous CMC
solution (N = 0)
gl ™ AO,m A0 €@ 24; O 24 m

m: with static mixers
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Figure 4 Effect of static mixers and of impeller
speed on liquid circulating velocity in 16 g-L™!
aqueous CMC solution
N, r-min~': & 0; B 500; ® 1000; 4 2000;

A 0, m; O 500, m; © 1000, m; < 2000, m

m: with static mixers

3.3 Mixing time

As drawn in Fig. 5, Ty, decreases with increase of
Uy and N. The effect of Uy, is larger when no stirring
is used. Static mixer reduces the circulation velocity
and leads always to longer T),. This result is simi-
lar to that in an external loop airlift reactor!”). The
variation tendency of mixing time without agitation
is different from that of mixing with agitation. The
variation of mixing time without static mixers is in
a manner similar to that of mixing time with static
mixers. .
3.4 Volumetric mass transfer coefficient

Fig. 6 illustrates that Kpa decreases with the in-
crease of liquid viscosity and increases with U and N,
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that is, with the increase of power input. At the same
operating condition, Kpa is higher with static mix-
ers than without static mixers('?. The effect of static
mixer decreases with the increase of the liquid viscos-
ity, though the Kj,a value with static mixers is always
slightly higher than that without static mixers. In
more viscous media, the effect of mechanical agitation
is larger than that of static mixers. There is no neces-
sity for using static mixers in internal airlift reactors
in highly viscous fluid system, but they can be used
together with impeller for improving mass transfer.
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Figure 5 Effect of static mixers and of impeller speed
on mixing time in 16 g'L~! aqueous CMC solution
N, rmin~!: ¢ 0; A 1000; ® 2000;
< 0, m; A 1000, m; © 2000, m

m: with static mixers
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Figure 8 Effect of static mixers and of impeller
speed on mass transfer coefficient in 24 g-L~' aqueous
CMC solution
N, r-min~!: A 0; B 500; @ 1000; & 2000;

A 0, m; O 500, m; © 1000, m; < 2000,m
m: with static mixers

4 CORRELATIONS OF VOLUMETRIC
MASS TRANSFER COEFFICIENT WITH/
WITHOUT STATIC MIXERS

Two correlations were developed in terms of three im-
portant variables (ua, Pa, Pp):

Kpa = 0.0003; %38 (PR-3%8 4 py-29%)

for the case without static mixers with the standard
deviation 0.8975;

KLﬂ. — 0.0003‘&;0‘316(})‘2.413 + Png)
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for the case with static mixers installed with the stan-
dard deviation 0.9417.

It can be seen the difference between the corre-
sponding parameters in two correlations mentioned
above is small. At the same operation conditions, the
K a values with static mixers are slightly higher than
that without static mixers. It appears that the effect
of static mixers is only moderate.

5 CONCLUSIONS

It is found that the gas hold-up increases with the
increase of impeller speed N and gas superficial veloc-
ity no matter static mixers are installed or not, and
decreases with increase of fluid viscosity. Static mix-
ers are more efficient for increasing gas hold-up in less
viscous fluid.

The liquid circulating velocity increases with the
increase of superficial gas velocity and impeller speed.
U, with static mixers is lower than that without static
mixers, and it also varies with the operating conditions
in distinctly different ways.

The mixing time decreases with increase of U, and
N. Static mixers reduce the circulating velocity and
lead to longer Ty,.

The mass transfer coeflicient Ky a is lower in liquid
with higher viscosity and increases with the increase of
Uy and N. The gas-liquid mass transfer in airlift loop
reactor can be intensified by static mixer or mechani-
cal agitation. In highly viscous media, the application
of mechanical agitation is more efficient than static
mixers.

The empirical equations for evaluation of Ky«
with/without static mixers take into account the en-
ergy dissipation rate and apparent viscosity. The cf-
fect of Pa is more significant than that of Pp.

NOMENCLATURE
Aq downcomer cross-sectional area, m?
A riser cross-sectional area, m?
c concentration of aqueous CMC solution, g-L~!
D diameter of airlift reactor, m
g gravitational acceleration, 9.812m-.s~ 2
H height of airlift reactor, m
He static height of liquid, m
Kpa  volumetric mass transfer coefficient, s—!
Mg torque or impeller shaft N-m
N stirring speed, r-min~—!
Pa energy dissipation rate for airlift aeration, W.mn—*
Pp energy dissipation rate for mechanical agitation, W.n™*
Pr total energy dissipation rate,
W-m—3
Ug superficial gas velocity, m-s~!
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UL liquid circulating velocity, m-s—1
Ugr  superficial gas velocity in the riser, m-s~1
Vi volume of reactor, m®
Eg gas hold-up
Ha apparent viscosity, Pa-s
pr density of liquid, kg-m~3
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