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ABSTRACT: Multiphase impeller stirred tank reactors enhance mixing of reacting species used in
a variety of chemical industries. These reactors have been studied based on Computational Fluid
Dynamics (CFD) that can be used in the analysis, design and scale up of these reactors. Most of the
researches done in this area are limited to single phase reactors, and a few remaining two phase
flow investigations have been done based on MRF (Multi Reference Frame) and Snapshot
approach. However, the MRF and snapshot approaches cannot be used in rigorous simulation of
unsteady state problems. In order to simulate the unsteady state behavior of the multiphase stirred
tank reactors we have used sliding mesh technique to solve the problem rigorously. In this work a
3D CFD model is used to investigate hydrodynamics of a fully baffled cylindrical stirred tank
containing air-water in which air is sparged. The tank is equipped with a standard Rushton turbine
impeller. This work has been done based on two fluid (Eulerian-Eulerian) model and finite volume
method, along with standard k-& model to address turbulent behavior of both phases. The results
obtained for velocity field show a good agreement with the corresponding data published by
researchers in this field for the same case. The effect of gas inlet velocity on the gas holds up
distribution has been studied. According to the obtained results, there should be an optimum value
for gas inlet velocity in order to achieve appropriate gas distribution in the liquid. The most
important parameter affecting the optimum value is impeller rotational speed.
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INTRODUCTION

Many examples of gas liquid contacting operations
are found in the process industries involving gas
incorporation or absorption into liquid, perhaps with
chemical reaction in the liquid. This enhances mass
transfer operations particularly for cases in which the
small solubility of gaseous components in the liquid
necessitates a long contact time. (e.g., hydrogenation and

oxidation reactions taking place at liquid phase).
Therefore, mixing pattern has a significant effect on the
performance of the reactor. For low viscosity (say<=0.2
Pa.s), turbulence can be used to obtain good mixing, high
interfacial area and high mass and heat transfer
coefficients. As an example of equipment enhancing
mass transfer operations one can consider mechanically
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agitated vessels. A suggested configuration for agitated
vessel for gas-liquid operation is a cylindrical fully
baffled vessel. For this purpose gas is introduced
underneath the impeller. The performance of gas-liquid
stirred vessels depends on three parameters: vessel size,
impeller shape and dimensions and volumetric gas flow
rate [1,2]. These parameters in turn affect the gas flow
regime, gas hold up distribution, power consumption and
gas-liquid mass transfer coefficient. Computational Fluid
Dynamics (CFD) is a useful tool to analyze detail of
highly complex turbulence flow in mechanically agitated
stirred tanks. Most of simulations reported in literature
consider only single-phase (liquid) stirred vessels [3-9]
and afew of them addresses gas-liquid ones. Bakker et al.,
[10,11] and Djebbar et al., [12] were the first researchers
who worked in this area. They used used IBC (Impeller
Boundary Condition) to study the effect of rotating
impeller and stationary baffles on fluid mixing.

Moroud et al., used improved IBC method and
Eulerian-Elerain model for two phase system and compared
the results with laser Doppler Anemometry (LDA) [13].
Ranade et al., have worked on the same problem (i.e., the
effect of impeller and baffles on mixing process) using
Eulerian-Eulerian model and snapshot method [14].
Lane et al., have studied this problem considering bubble
coalescence and break up based on Eulerian-Eulerian
model and MRF (Multi Reference Frame) [15]. In
another work Deen et al., studied the hydrodynamics of
stirred tanks both for single (liquid) phase and two phase
(gas-liquid) systems. In their study they used Eulerian-
Eulerian model and sliding mesh method in the study of
hydrodynamics of two phase stirred tanks. They have
compared the results obtained based on their model with
experimental results obtained by Particle Image
Velocimetry (PIV) [16]. They have also studied the effect
of gas on trailing vortices behind impeller.

Khopkar et al., have done a similar study on a stirred
tank containing two phase air-water system equipped
with a PBT(Pitched Blade Turbine) [17] and standard six
blade rushton turbine impeller [18] based on Eulerian-
Eulerian model and snapshot method . In the latter work
(e.g., rushton turbine impeller system) they compared
their simulation results with the corresponding values
obtained through (Computer Automated Radioactive
Particle Track (CARPT) and Computed Tomography (CT)
measurements. Honkanen et al., [19] studied the two
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phase air-water stirred tank using a different approach
based on Volume Of Fluid (VOF) multiphase model and
Large Eddy Simulation (LES) method to model
turbulence behavior of the system. They studied the
velocity field but had no study on gas hold up
distribution.

Most of these studies utilized Impeller Boundary
Condition (IBC) which needs experimental velocity data
for impeller region and Multi Reference Frame (MRF) or
method. These
computational resources comparing to sliding mesh
method. Therefore the MRF method is faster than sliding
mesh method. However the higher speed is achieved at

snapshot techniques require less

the expense of accuracy. Hence, in order to obtain more
accurate results one should use sliding mesh technique. In
this work the hydrodynamics of a fully baffled cylindrical
stirred tank equipped with a six blade standard rushton
turbine impeller for a two phase (air-water) system has
been studied. In order to study the effect of rotating
impeller and stationary baffles on the hydro-dynamics of
the system, authors have used Eulerian-Eulerian model
and sliding mesh method along with k-&¢ method to
present turbulence of both phases. The results obtained in
this work have been compared with those reported by
Khopkar [18]. Due to high difference between air and
water volatility, the effect of phase equilibrium on the
behavior of the system has been neglected.

DEVELOPMENT OF CFD MODEL
Mathematical Modeling
The Navier-Stockes
Modeling

To model the hydrodynamic behavior of the

Equations and Turbulence

gas-liquid system in the stirred vessel, a two-fluid or
Eulerian-Euerian approach has been used, where the gas
and liquid phase are considered as interpenetrating
continua for which the continuity and momentum
equations are solved. The ensemble averaged mass and
momentum balance (Navier-Stockes equations) for each
phase may be written as:
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Where Uy is the velocity of phase k and Fy is the
inter-phase momentum exchange term between phases
‘k’and ’I’, and Ty is the stress tensor for phase k described
by equation (3):

2
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The standard k-€ model is used for both phases. The
equations for turbulent kinetic energy, k, and turbulent

kinetic energy dissipation rate, €, are as follows [20,21]:
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Where G is turbulence generation rate and L is
turbulent viscosity. The parameters used in standard k-€
model for both liquid and gas phases are as follows:
C,=0.09, Ci=1.44, C,=1.92, 6\=1.0 and 6.=1.3.

For more information regarding governing equations,
one can refer to Ranade’s work [20].

Interaction Forces

The inter-phase momentum exchange term consists of
four terms: the Basset force, the virtual mass force, the
lift force and the inter-phase drag force. In the bulk
region of vessel, the velocity gradients are not large. Near
the impeller, pressure gradients and inter-phase drag
forces mainly dominate the motion of bubbles. An order
of magnitude analysis indicates that the magnitude of the
lift force is much smaller than inter-phase drag force [17].
Recent numerical experiments reported by Khopkar et al.,
indicate that the effect of virtual mass force is not
significant in the bulk region of stirred vessel [17]. In
most cases, the magnitude of Basset force is also much
smaller than that of the inter-phase drag force [18].
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Fig. 1: Vessel geometry and grid generation.

Therefore, the only force that should be considered as
the interaction force in the inter-phase momentum
exchange for this specified case is the drag force. The
inter-phase drag force is defined by equation (8):

3 C
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b

Where Cp is calculated from Schiller-Nauman
correlation [20]:
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VESSEL GEOMETRY AND GRID GENERATION

The tank geometry employed in this work is a flat
bottom fully baffled cylindrical tank, whose diameter and
height are T=0.20 m, H=0.20 m, respectively (Fig. 1).
Four equally spaced baffles, whose width is one tenth of
tank diameter (b=T/10) have been mounted perpendicular
to the vessel wall. A standard (six blade) Rushton turbine
impeller’s whose diameter, blade height and width are
D=T/3, B=D/4, W=D/5, respectively. The impeller is
installed along the axis of the tank with a shaft diameter
of ds=0.003 m and an off-bottom clearance of C=T/3.
The impeller rotates at a speed of 200 rpm which
corresponds to impeller Reynolds number of, Re=14800.
Air is sparged into the vessel through a ring sparger of
inner and outer diameter 30, 34 mm, respectively. The
height of sparger ring is 4 mm and is located at a distance
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of T/6 from the bottom of the vessel. The quadratic
upstream interaction for convective kinetics (QUICK) has
been used for discreization. In this work sliding mesh
approach has been considered to study unsteady state
behavior of the system’s hydrodynamics.

In this approach, the whole vessel is divided in two
regions: an inner region attached to the rotating impeller
and shaft; and outer region attached to the stationary
baffles and the vessel. The inner and outer regions meet
each other at an interface positioned at r=0.065 m, and
0.04<z<0.14 m and 0<O0<2I1. The tank was modeled by a
finite volume grid in cylindrical coordinate with 374912
cells (rx0xz: 58x101x64). The grid number selected by
researchers in the same case of two phase stirred tank
vessel has been reviewed [15,18,20,22]. The effect of the
number of cells and grid resolution has also been checked
and it was found that use of finer mesh has no effect on
the results. The time step used in the simulation is 0.005
sec. Despite the fact that small time step results in a long
tie for simulation, it can not get larger because it severely
deteriorates the accuracy of the results.

BOUNDARY CONDITION AND FLUID PROPERTIES

In this work, the upper side of sparger from which air
is sparged, has been modeled as an inlet velocity
boundary condition. It is assumed that pure air with a
velocity of 0.1, 0.5 m/sec is entering into the system at
this boundary. Other sides of sparger are modeled as solid
walls. The tank is filled with water up to level of 0.195 m
and the remaining space contains air. No slip boundary
conditions are imposed on all walls and they are
introduced to the calculation via standard wall functions.
The top surface of liquid has been considered to be flat.
In a gas-liquid stirred vessel, there may be a wide
distribution of bubble size.

The prevailing bubble size distribution in a gas-liquid
stirred vessel is controlled by several parameters such as
vessel and sparger configuration, impeller speed and gas
flow rate. It is seen that bubbles are largest in high gas
fraction plume leading from the sparger to the impeller.
In the impeller discharge smaller bubbles are generated
due to break up in the highly turbulent impeller discharge
stream, while above and below the impeller stream the
bubbles become larger again due to coalescence. This
pattern has been reported by Lane et al., [15]. Their
experimental results showed that bubble size in the bulk
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of the tank is generally in the range of 3 to 4 mm. It is
possible to develop a detailed multi-fluid computational
model using the population balance framework to account
for bubble size distribution. Buwa and Ranade [23] and
Rafique et al., [24] developed and validated such a model
for gas-liquid flow in bubble columns.

However, use of multi-fluid models based on
population balances increases computational demands.
Moreover, available experimental data for bubble size
distribution in stirred vessel is not sufficient to calculate
the certain parameters appearing in coalescence and
break up kernels. Apart from the uncertainty in
parameters of coalescence and break up kernels, there is a
significant uncertainty in estimation of inter-phase drag
force on gas bubbles in presence of other bubbles and
high levels of turbulence prevailing in the vessel [18].
Therefore, using a multi-fluid model for stirred tank is
not applicable due to inability to measure the bubble size
distribution in the stirred tank [18].

Barigou and Greave [25] reported experimentally
measured bubble size distribution for the stirred vessel
of 1m diameter (with H=T=1m,C=T/4 and D=T/3).
Their experimental data clearly indicates that the bubble
sizes in the bulk region of the vessel vary between
3.5 and 4.5 mm at the high gas flow rate. In another
research Gosman et al., [26] used 4 mm diameter air
bubbles in a air-water stirred tank system of 0.915 m
diameter and indicated that despite the fact that assuming
a uniform bubble dose not seem to be realistic due
to bubble break up and coalescence, using a constant
bubble size around 4 mm does not have a major effect on
the simulation results. Considering these issues; it is
assumed that no coalescence and break up of bubbles
exists and a single bubble size of 4 mm has been used in
the present work. Fluid properties have been set to those
of water and air for primary and secondary phases,
respectively.

IMPELLER BOUNDARY CONDITION

The interaction of rotating impeller and the stationary
baffles in baffled stirred reactors generate a complex
three dimensional flow pattern. This flow has been
modeled by employing several different approaches
which can be classified into four types: Impeller
Boundary Condition (IBC) or block box diagram,

Multiple Reference Frame (MRF) or inner-outer
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approach, snapshot approach and sliding mesh approach.
Ranade has reviewed various approaches for simulating
the flow in baffled stirred tank [20]. Most flow
simulations of stirred vessels published before 1997
were based on steady state analysis using IBC approach.
In this approach the impeller is not directly simulated
and therefore requires boundary conditions on the
impeller swept surface, which need to be determined
experimentally.

Although this approach is reasonably successful in
predicting the flow characteristics in the bulk of the
vessel, its use is inherently restricted to cases for which
experimental data is available. Moreover, this approach
does not provide information about the flow in the impeller
region. Extension of such an approach to multiphase
flows and to industrial-scale reactors is not feasible
because it is virtually impossible to obtain accurate
boundary conditions for such systems by experimental
measurements. To eliminate some of the limitations
described above, attempts have been made to develop an
approach which allows a priori simulations of the flow
field generated by an impeller of any shape. There are
two main approaches for approximating unsteady flow in
stirred vessels via steady state simulations.

In both approaches the whole solution domain is
divided into two regions using a fictitious cylindrical
zone with a radius more than that of the impeller blade tip
and less than that of the inner edges of the baffles. The
height of this fictitious zone should be such that it
contains the entire impeller.

The full geometry needs to be modeled and impeller
blades are modeled as walls. In the first approach, flow
characteristics of the inner region are solved using a
rotating framework. Then the results obtained for this
zone are used to provide boundary conditions for outer
region (after azimuthally averaging) in which flow field
is solved based on a stationary framework. Solution of
the outer region is used to obtain the boundary conditions
for the inner region. After going through a few iterations
between inner and outer regions the iterative procedure
might converge to the correct solution. Multi Reference
Frame proposed by Lou et al, [27] and Inner-Outer
method proposed by Brucato et al., [28] are using this
approach [20].

The second approach called snapshot method is based
on taking a snapshot of flow in stirred vessels with a
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fixed relative position of blades and baffles. In this
approach impeller blades are modeled as solid walls and
flow is simulated using a stationary framework for a
specific blade position. Appropriate sources are specified
to simulate impeller rotation. If necessary, simulations
are carried out at different blade positions to obtain
ensemble-averaged results over different blade positions.
In the inner region surrounding the impeller, time
derivative terms are approximated in terms of spatial
derivatives. In the outer region, time derivative terms are
neglected [18,20,29]. It should be noted that these two
approaches are appropriate in nature.

In order to obtain the exact solution of the flow
problem, Lou et al., [30] proposed the sliding mesh
technique in which the full transient simulations are
carried out. In this method the whole solution domain is
divided into two non-overlapping inner and outer grid
zones. Obviously, the boundary between these two zones
should have a radius more than that of the impeller blade
and less than that of the inner edges of the baffles and a
height sufficient to include the entire impeller.

The detailed geometry of the impeller needs to be
modeled for which impeller blades are modeled as solid
rotating walls. The two mesh zones interact along a
common grid interface. The outer grid zone is attached to
the stationary baffles and reactor wall while the inner is
attached to the rotating impeller and is allowed to rotate
stepwise. The moving grid is allowed to slide relative to
stationary one and grid lines are not required to align on
the common surface.

This makes it possible to have an exact model for the
impeller and baffles. Flow within the impeller blades is
solved and recalculated for each time step using the usual
transport equations without any simplification in time
derivative terms unlike the previous methods. Two
regions are implicitly coupled at the interface via a
sliding mesh algorithm. This approach has a priori
predictions without requiring any experimental input. It
can therefore be used as a design tool to screen different
configurations.

Since sliding mesh technique is computationally
intensive, there are some restrictions on the number of
meshes of computational cells that can be used for
simulation purposes [20,30,31]. In this paper, sliding
mesh method technique has been used due to its rigor and
generality.
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Fig. 2: Contours of air (bottom) and water (top) velocity in
mid-baffle plane (air inlet velocity of 0.1m/sec, impeller
rotational speed of 200 rpm).

RESULTS AND DISCUSSION

The selected bench mark described in previous
section is the same one studied by Khopkar [18]. This
bench mark has been simulated at two different air
velocities of 0.1 and 0.5 m/sec at a fixed impeller speed
of 200 rpm which leads to impeller Reynolds number of
Re=14800. Hydrodynamics behavior of the system has
been dynamically simulated from its initial condition in
which liquid is at rest. In addition, influence of air inlet
velocity on the bubble hold up in liquid has been studied.
Unfortunately, very limited experimental data is available
to make systematic comparison of simulation results and
the corresponding experimental data. Even for those
limited cases where data is available, a complete set of
data, that is gas and liquid phase velocity along with gas
volume fractions, is not available for the same vessel
geometry. Therefore, we have validated the simulation by
comparing the results with the corresponding data
published for the same bench mark in a qualitative
manner [14,15,22]. The same approach used by Ciofalo
et al., [32] and Brucato et al., [33].

Figs. 2 to 4 show the liquid and gas velocities; and
distribution of gas hold up of air at the mid-baffle plane
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Fig. 3: Vectors of water (first) and air (second) velocity in
mid-baffle plane (air inlet velocity of 0.1m/sec, impeller
rotational speed of 200 rpm).

corresponding to air inlet velocity of 0.1 m/sec about 5.9
sec after startup. The liquid phase velocity simulation
results obtained in this work are compared against
results reported by Khopkar [18] in Fig. 6.

Comparison shows that the results are almost the same.

similar

Fig. 5 shows absolute pressure of air-water mixture
(contour of mixture absolute pressure) in impeller center
plane corresponding to the same air inlet velocity and
time. According to this figure, pressure behind impeller
blades is less than its value in front of blades in which
impeller rotates in clockwise direction. This issue has
been obtained by other researchers as well [15,18].

Velocity Fields

The predicted liquid velocity fields obtained through
simulation show the upward inclination of impeller
discharge stream in the presence of gas which is in
agreement with the results obtained and reported by other
researchers [14,18]. Results show that at low air inlet
velocity, the global liquid and gas flow pattern are
roughly the same as the ones encountered for the single-
phase flow of liquid. The gas phase flows more or less in
the similar manner that the liquid does, and presence of
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Fig. 4: Contour of air volume fraction in mid-baffle plane
(air inlet velocity of 0.1m/sec, impeller rotational speed of 200
rpm).
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Fig. 5: Contour of air and water mixture pressure (Pa) in
impeller center plane (air inlet velocity of 0.1m/sec, impeller
rotational speed of 200 rpm).

gas only slightly changes the flow field obtained in a
single-phase system. It can be explained considering the
fact that the inlet air velocity is much lower than the
radial velocity imposed by the mixing device. In order to
show the effect of rising gas on the upward inclination of
the radial jet emerging from the impeller discharge
stream, the velocity fields in the system have been shown
for two different air inlet velocities of 0.1 m/sec and 0.5
m/sec in Figs. 3 and 9, respectively. Comparing these
figures shows that by increasing air inlet velocity,
inclination of impeller discharge stream increases. It was
also observed by Khopkar et al., [18] that increase in gas
flow increases upward inclination of impeller discharge
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Fig. 6: Comparison of obtained vector of water velocity in
mid-baffle plane(second) with Khopkar result (first) [18] at
impeller rotational speed of 200 rpm.

stream. Apart from upward inclination of impeller
discharge stream, the predicted gas flow field and gas
hold up distribution in Figs.3 and 4 show the inward
movement of the gas. This inward movement of rising
gas generates the secondary circulation of liquid in the
upper region of the vessel because the liquid is dragged
upward by the gas bubbles. Figs. 7 to 9 show the
distribution of gas hold up; and liquid and gas velocities
in the mid-baffle plane corresponding to air inlet velocity
of 0.5 m/sec about 4 sec after startup. Comparing Figs. 3
and 9 show that by increasing the air inlet velocity, the
inward movement of rising gas increases. The observed
inward movement of the gas was also seen to be very
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strong in the higher gas flow rates by Khopkar [18]. The
comparison also shows that at low air inlet velocity, the
flow pattern induced by the impeller is less distributed by
the gas flow, whereas at higher air inlet velocity the gas
flow has significant effect on the flow pattern and system
hydrodynamics and increases the intensity of the
circulating flow. Fig. 10 shows the volume averaged
velocity of gas and liquid phase as a function of time for
impeller rotational speed of 200 rpm and air inlet
velocities of 0.8 and 1 m/sec, respectively. The figure
shows that the averaged gas and liquid velocities have the
unsteady state behavior up to about 0.9 sec after start up,
of the system at which the steady state condition is
established.

Gas Hold up Distribution

Figs. 4 and 7 represent gas hold up distribution
throughout the tank for air inlet velocity of 0.1 and 0.5
m/sec, respectively. Fig. 4 shows that bubbles rise from
the sparger and are pushed toward the vessel wall because
inlet air velocity (0.1 m/sec) is much lower than the radial
velocity (0.7 m/sec) imposed by the mixing device.
Comparing Figs. 4 and 7 show that at low inlet air
velocity the gas bubbles are dispersed in lower circulation
loop and is not well distributed throughout the liquid,
whereas at higher air inlet velocity gas bubbles are
dispersed in both circulation loops above and below the
impeller. Therefore, increasing the air inlet velocity
results in more appropriate gas distribution in the liquid.
This issue has been reported by Ranade et al., [19] on a
similar system whose diameter is 0.3 m. They showed
that the gas bubbles rise from the sparger and are
transported radially outward by the impeller stream.
Furthermore, according to the results reported by Lane
et al., [15] on a similar system with a diameter of 1 m, the
gas rises up to the impeller and then is dispersed
throughout the bulk of the liquid.

Figs. 11 and 12 show distribution of air hold up in the
impeller center plane corresponding to air inlet velocity
of 0.8 and 1 m/sec, 0.8 and 0.6 sec after start up,
respectively. As previously mentioned, the impeller
rotates clockwise. According to these figures, the gas
accumulation takes place behind the impeller blades
which is explained by the low pressure zones existing at
these locations. This issue has also been reported by
researchers who worked on the similar problem both in
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Fig. 7: Contour of air volume fraction in mid-baffle (air inlet
velocity of 0.5 m/sec, impeller rotational speed of 200 rpm).
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Fig. 8: Contours of air (top) and water (bottom) velocity in
mid-baffle plane (air inlet velocity of 0.5 m/sec, impeller
rotational speed of 200 rpm).
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Fig. 9: Vectors of air (bottom) and water (top) velocity in mid-
baffle plane (air inlet velocity of 0.5 m/sec, impeller rotational
speed of 200 rpm).

experimental and simulation studies [14, 18, 22]. Fig. 13
shows the volume averaged gas hold up at air inlet
velocities of 0.8 and1 m/sec. The figure shows temporal
increment of gas hold up as a function of time.

On the other hand as Fig. 14 shows increase of gas
inlet velocity beyond a certain threshold deteriorates gas
distribution in the liquid because it flows in an upward
straight path as if there is no impeller in the vessel.
Hence, for gas-liquid stirred tank reactors at which a set
of reactions between gas and liquid are taking place, one
should use a judicious (if not optimum) value for gas inlet
velocity in order to enhance the performance of the
reactor.

However, the optimum value for the gas inlet velocity
depends on both the reaction kinetics and mechanical
design of the stirred tank (e.g., vessel size; impeller
shape, dimension, rotational speed and position).
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Fig. 10: Comparison of volume averaged liquid and gas
velocities versus start up time for air inlet velocities of 0.8 and
1 m/sec (impeller rotational speed of 200 rpm).

CONCLUSIONS

Hydrodynamics of air-water system in a fully baffled
stirred vessel with a standard six blade rushton turbine
impeller has been investigated using sliding mesh method
to account for relative movement of rotating impeller and
stationary baffles. For impeller rotational speed of 200
rpm and air inlet velocity of 0.1, 0.5 m/sec, flow field of
liquid and gas phase generated by the impeller and gas
hold up distribution in the vessel have been obtained. The
computational model correctly captured the overall flow
field generated by a standard rushton turbine, including
the two circulation loops above and below the impeller.
Apart from the presence of two circulation loops above
and below impeller, the predicted liquid velocity fields
show the upward inclination of jet issuing from the
impeller discharge stream in the presence of the gas. This
is in agreement with the published experimental
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Fig. 11: Contour of air volume fraction in impeller center
plane (impeller rotational speed of 200 rpm and air inlet
velocity of 0.8 m/se @ 0.8 sec after start up).
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Fig. 12: Contour of air volume fraction in impeller center
plane ( impeller rotational speed of 200 rpm and air inlet
velocity of Im/se @ 0.6 sec after start up)

evidence. Results show that increasing air inlet velocity
results in upward inclination of impeller discharge
stream. These results obtained by simulation have been
validated also with the corresponding results for the same
bench mark reported by Khopkar et al., [18].

The study shows that at low inlet air velocity
compared to impeller tip speed, the air is pushed toward
the vessel wall due to higher impeller radial speed
compared to air rising velocity. In this case the gas
bubbles circulate below the impeller and the amount of
gas at the bottom of the tank is high. The gas hold up and
velocity distribution show that increasing the air inlet
velocity results in better gas distribution throughout the
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Fig. 13: Comparison of volume averaged gas holdup versus
start up time for air inlet velocities of 0.8 and 1 m/sec
(impeller rotational speed of 200 rpm).
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Fig. 14: Contour of air volume fraction in mid-baffle plane
(impeller rotational speed of 200 rpm and air inlet velocity of
Im/se @ 0.42 sec after start up).

liquid. On the other hand increase of gas inlet velocity
beyond a certain threshold deteriorates gas distribution in
the liquid because it flows in an upward straight path as if
there is no impeller in the vessel. Hence for a constant
impeller speed and specified tank geometry there is an
optimum value for inlet gas velocity at which maximum
gas distribution in the liquid is achieved. This is a very
important factor in the design of gas-liquid stirred tank
reactors. The optimum value of this factor depends on
both mechanical design (geometry and impeller speed)
and kinetic of reactions taking place in the reactor.
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