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Abstract

Local overall gas–liquid mass transfer coefficients (KLa) of gas–liquid–solid three-phase reversed flow jet loop reactors have been
experimentally investigated by means of a transient gassing-in method. Effects of liquid jet flow rate, gas jet flow rate, particle density,
particle diameter, solid loading, nozzle diameter and axial position on local overall gas–liquid mass transfer coefficient profiles are discussed.
It was observed that the local overall gas–liquid mass transfer coefficient profiles of the reversed flow jet loop reactor with a three-phase
system increase with increase in gas jet flow rates and liquid jet flow rates and particle density and particle diameter, and with decrease
in nozzle diameter and axial position. The presence of solids at low concentrations increases the local overall gas–liquid mass transfer
coefficient profiles, and the optimum of adding solid loading for maximum profile of the local overallKLa was found to be 0.16×10−3 m3

corresponding to a solid volume fraction,εS = 2.5%.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Gas–liquid–solid three-phase flow jet loop reactors,
characterized by a well defined flow pattern, better dis-
persing effects, relatively lower power consumption, and a
higher mass transfer coefficient, are widely used in chemical
engineering and petrochemical engineering, especially in
biochemical engineering, such as fermentation, waste water
purification, hydrogenation and exhaust-gas treatment as
well as a large number of gas–liquid–solid three-phase
reactions in various process industries [1,2]. In gas–liquid–
solid three-phase reversed flow jet loop reactors, the local
gas–liquid mass transfer characteristics may play an impor-
tant role in the performance of these reactors, and studies
on the local gas–liquid mass transfer characteristics are a
necessary part of any design or evaluation strategy.

A study of the overall gas–liquid mass transfer character-
istics in gas–liquid–solid three-phase reversed flow jet loop
reactor has been made by Prasad and Ramanujam [3]. None
is known, however, about the local overall gas–liquid mass
transfer coefficients in gas–liquid–solid three-phase reversed
flow jet loop reactors. The objective of the present study is
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to investigate the influences of operational variables (gas jet
flow rates, liquid jet flow rates, particle density, adding solid
loading) and design parameter (nozzle diameter) affecting
the local overall gas–liquid mass transfer coefficient pro-
files in gas–liquid–solid three-phase reversed flow jet loop
reactors.

2. Experimental

The experimental setup used in present investigations is
schematically shown in Fig. 1. A 0.55 m high Perspex draft
tube of 0.06 m inside diameter was fixed concentrically in-
side the main 0.82 m high Perspex reactor tube of 0.102 m
inside diameter. Three concentric jet nozzles of 0.0054,
0.0062, and 0.0068 m were designed, respectively, and
located 0.075 m above the draft tube. One outlet is provided
at the top side (0.68 m from the bottom) of the reactor. A
circular baffle of 0.102 m inside diameter was fixed 0.01 m
below this outlet to prevent the direct outflow of the solid
particles with the liquid. All the experiments were per-
formed at atmospheric pressure and the temperature of the
liquid was maintained around 25± 0.1◦C by circulating
tap water through a copper coil heat exchanger immersed
in a water tank. Tap water was used for liquid phase in all
the experiments. Air was used as the gas phase. Spherical
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Nomenclature

C∗ saturation (equilibrium) concentration of
dissolved oxygen in liquid (g/l)

CL(t) instantaneous concentration of dissolved
oxygen in liquid at timet (g/l)

CLO initial concentration of dissolved oxygen
in liquid (g/l)

d average diameter of spherical solid beads (m)
dn nozzle diameter (m)
dP particles diameter (m)
KLa local overall gas–liquid volumetric mass

transfer coefficient (s−1)
L axial position from the jet entrance (m)
QG gas jet flow rate (m3/h)
QL liquid jet flow rate (m3/h)
r radial distance (m)
R reactor radius (m)
t time (s)
VS solid loading (m3)

Greek letters
εS solid volume fraction
ρS solid density (kg/m3)

plastic beads and spherical glass beads with the same size
were used as the solid media, the sizes and densities of the
solid particles of equal diameter are summarized in Table 1.

The transient gassing-in method was used for the deter-
mination of the local overall gas–liquid mass transfer coef-
ficients. Water of nearly equal volume to that of the reactor
was deaerated to approximately zero oxygen concentration
by rapid addition of 160 g/m3 of sodium sulphite together
with 2 g/m3 of cobalt chloride for a few minutes [4] for each
measurement. The time-change in dissolved oxygen con-
centration for each measured position was monitored by a
microelectrode connected to a dissolved oxygen meter. The
hydrodynamic regime in the vicinity of the probe can also
affect the measured DO. Depending on the thickness of the

Fig. 1. Schematic drawing of experimental apparatus.

Table 1
Properties of the fluidized particles

Material dP × 103 (m) ρS × 10−3 (kg/m3)

Plastic sphere 0.98 1.34
Plastic sphere 1.96 1.34
Plastic sphere 2.98 1.34
Plastic sphere 3.87 1.34
Glass sphere 0.98 2.52
Glass sphere 1.96 2.52
Glass sphere 2.98 2.52
Glass sphere 3.87 2.52

boundary layer next to the probe membrane, a concentra-
tion gradient will be established outside of the probe even
when steady state is reached. The additional static and dy-
namic resistance offered by the boundary layer would slow
down the dynamic response of the probe leading to smaller
KLa values. However, it is estimated that the boundary layer
may contribute an additional resistance equivalent to about
one-third to one-half of the resistance offered by the probe
membrane itself, which was shown previously to be negli-
gible compared to the mass transfer dynamics of the system
[5]. The influence of electrode dynamics on the local over-
all KLa was neglected as the time constant of the probe,
τE is less than 10 s and the conditionKLa < 1/τE held
[3–7].

Under the above assumptions, the local overallKLa val-
ues in the vicinity of the probe were calculated using the
following unsteady-state mass balance equation performed
on the liquid phase of the probe membrane:

dCL(t)

dt
= KLa[C∗ − CL(t)] (1)

which on integration (CL(t) = CLO(t = 0)) yields

ln

[
C∗ − CLO

C∗ − CL(t)

]
= KLat (2)

Thus, the local overallKLa values at each measurement
position were obtained from the slope of the straight line in
the plot ln[(C∗ − CLO)/(C∗ − CL(t))] versust.
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Fig. 2. Influences of gas jet flow rate on local overallKLa profiles
(QL = 1.6 m3/h, dn = 6.2 × 10−3 m, dP = 2.98× 10−3 m, V S = 0.14×
10−3 m3 glass particles).

3. Results and discussion

3.1. Effect of gas jet flow rate

The influences of gas jet flow rate on the local overall
KLa profiles at the same liquid jet flow rate, nozzle diameter,
solid loading, particle density and axial position are shown
in Fig. 2. It is observed that the local overallKLa profiles
increased with an increase in gas jet flow rate. The increase
of the local overallKLa profiles with increase in gas jet flow
rate is due to the increase of the local gas holdup and the
local gas–liquid interfacial area.

3.2. Effect of liquid jet flow rate

The typical results of the local overallKLa values as a
function of the liquid jet flow rate are illustrated in Fig. 3. A
significant influence of the liquid jet flow rate on the local

Fig. 3. Influences of liquid jet flow rate on local overallKLa profiles
(QG = 1.0 m3/h, dn = 6.2 × 10−3 m, dP = 2.98× 10−3 m, V S = 0.14×
10−3 m3 glass particles).

Fig. 4. Influences of nozzle diameter on local overallKLa profiles
(QG = 1.0 m3/h, QL = 1.6 m3/h, dP = 2.98 × 10−3 m, V S = 0.14 ×
10−3 m3 glass particles).

overall KLa profiles was observed. This is attributed to the
increasing oxygen concentration in the liquid.

3.3. Effect of nozzle diameter

The effect of nozzle diameter on the local overallKLa
profiles is shown in Fig. 4. It is found that the local overall
KLa profiles decreased with the increase in the nozzle di-
ameter in the range of the nozzle diameters studied. It is at-
tributed to the fact that decreasing nozzle diameter resulted
in the increases in the gas jet velocity as well as the liquid jet
velocity.

3.4. Effect of particle density

As can be seen from Fig. 5, the local overallKLa pro-
files increased with the increase in the particle density. It
was mainly attributed to the fact that larger particle den-
sity sheared and broke gas bubbles more easily than smaller

Fig. 5. Influences of solid density on local overallKLa profiles
(QG = 1.0 m3/h, QL = 1.6 m3/h, dn = 6.2 × 10−3 m, dP = 2.98 ×
10−3 m, V S = 0.14× 10−3 m3).
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Fig. 6. Influences of solid diameter on local overallKLa profiles
(QG = 1.0 m3/h, QL = 1.6 m3/h, dn = 6.2 × 10−3 m, V S = 0.14 ×
10−3 m3 glass particles).

particle diameter, resulting in larger gas–liquid interfacial
area, and thus causing the increase in the local overallKLa
profiles.

3.5. Effect of particle diameter

Fig. 6 shows that the particle diameter had influence on the
local overallKLaprofiles. The local overallKLaprofiles with
larger particle diameter were higher than those with smaller
particle diameter in the range of particle diameters studied. It
was mainly attributed to the fact that larger particle diameter
sheared and broke gas bubbles more easily than smaller
particle diameter, resulting in larger gas–liquid interfacial
area, and thus causing the increase in the local overallKLa
profiles.

3.6. Effect of solid loading

The influence of solid loading on the local overallKLa
profiles is shown in Fig. 7. The presence of the solids

Fig. 7. Influences of adding solid loading on local overallKLa profiles
(QG = 1.0 m3/h, QL = 1.6 m3/h, dP = 2.98 × 10−3 m, dn = 6.2 ×
10−3 m, glass particles).

Fig. 8. Influence of axial position on local overallKLa profiles
(QG = 1.0 m3/h, QL = 1.6 m3/h, dn = 6.2 × 10−3 m, dP = 2.98 ×
10−3 m, V S = 0.14× 10−3 m3 glass particles).

enhanced the local overallKLa profiles at low solid concen-
trations. An optimum value of the solid loading for a maxi-
mum profile of the local overallKLa was 0.16× 10−3 m3,
corresponding to a solid volume fraction ofεS = 2.5%. The
local overallKLa profiles decreased with a further increase
in the solid concentrations. This result may be explained as
the disruption of the liquid film surrounding the air bubbles,
which reduces the resistance to gas–liquid mass transfer in
the presence of the solids. However, at higher solid con-
centrations the blocking effect of the particles dominated,
resulting in the reduced interfacial area for gas–liquid mass
transfer, and thus causing the decrease in the local overall
KLa profiles.

3.7. Effect of axial position

With increasing the axial distance from the jet entrance,
the liquid velocity profile reduced and became flat owing
to the loss of liquid kinetic energy. This results in the bub-
ble coalescence, the increase of the distribution of the local
bubble diameter, and the decrease of the local gas holdup
profile. Moreover, the profile of the local gas–liquid inter-
facial area will decrease. Therefore, the local overallKLa
profile decreased as shown in Fig. 8.

4. Conclusions

Based on the present investigation, the following conclu-
sions can be made:

1. The local overallKLa values of the three-phase reversed
flow jet loop reactor increased with increase in the gas jet
flow rate, liquid jet flow rate, particle density and particle
diameter.

2. By increasing the nozzle diameter and axial position, the
local overallKLa profiles decreased.
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3. The presence of solids at low concentrations increased
the local volumetric gas–liquid mass transfer coefficients.
The optimum of solid loading for a maximum profile of
the local overallKLa was found to be 2.5%.
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