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Numerical Simulation of Flow Field in a Elliptic
Bottom Stirred Tank with Bottom Baffles
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Abstract—When the crisscross baffles and logarithmic spiral
baffles are placed on the bottom of the stirred tank with elliptic
bottom, using CFD software FLUENT simulates the velocity field of
the stirred tank with elliptic bottom and bottom baffles. Compare the
velocity field of stirred tank with bottom crisscross baffle to the
velocity field of stirred tank without bottom baffle and analysis the
flow pattern on the same axis-section and different cross-sections. The
sizes of the axial and radial velocity are compared respectively when
the stirred tank with bottom crisscross baffles, bottom logarithmic
spiral baffles and without bottom baffle. At the same time, the
numerical calculations of mixing power are compared when the stirred
tank with bottom crisscross baffles and bottom logarithmic spiral
baffles. Research shows that bottom crisscross baffles and logarithmic
spiral baffles have a great impact on flow pattern within the reactor
and improve the mixing effect better than without baffle. It also has
shown that bottom logarithmic spiral baffles has lower power
consumption than bottom crisscross baffles.

Keywords—Bottom baffle, Flow field, Numerical simulation,
Stirred tank.

. INTRODUCTION

NDUSTRIAL production, particularly in the chemical

industry, mixing equipment and mixing operations have a
wide range of applications, most of the mixing operations are
performed by mechanical stirring. Mechanical stirred tank
structure includes a reasonable selection of stirring paddle,
stirred tank structure and baffle structure. Study of mixing
equipment at home and abroad focused on stirring paddle and
baffle structure research has achieved certain results [1]-[6]. It
is known that a reasonable selection of reactor, mixing paddle,
the type of baffle and baffles in the reactor space allocation can
better improve the mixing effect of the stirred tank.

At present, the numerical simulation of the flow field in
stirred tank is mainly on the reactor with wall vertical baffle
[71-[12] while the study on the bottom baffle structure is mostly
on the stirred tank with flat bottom, such as Guo Duxin [9] and
others do experimental research. There is almost no one who
studies the numerical simulation of the bottom baffle. The
studies on the stirred tank with elliptic bottom and dish bottom
are rarely involved in. Baffle structure of research is relatively
less and further study is needed. When the crisscross baffles
and logarithmic spiral baffles are placed on the bottom of the
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stirred tank with elliptic bottom, using the software fluent
simulates the velocity field of the stirred tank with ellipse
bottom and bottom baffle. Compare the velocity field of stirred
tank with bottom crisscross baffle to the velocity field of stirred
tank without bottom baffle and analysis the flow pattern on the
same axis-section and different cross-sections. The size of the
axial and radial velocity is compared respectively when the
stirred tank with bottom crisscross baffles, bottom logarithmic
spiral baffles and without bottom baffle. At the same time, the
numerical calculations of mixing power are compared when the
stirred tank with bottom crisscross baffles and bottom
logarithmic spiral baffles. Research shows that bottom
crisscross baffles and logarithmic spiral baffles have a great
impact on flow pattern within the reactor and can improve the
mixing effect better than without baffle. It also has shown that
bottom logarithmic spiral baffles have lower power
consumption than bottom crisscross baffles.

Il. NUMERICAL SIMULATION

A. Model Structure

In the same operating conditions, comparing the numerical
simulation of the stirred tank with bottom baffles and without
bottom baffle were carried out. The structural diagram of the
stirred tank with bottom baffles is shown in Fig. 1. The
crisscross baffles and logarithmic spiral baffles are placed on
the bottom of the stirred tank with elliptic bottom respectively.
They are shown in Fig.2 (a) and Fig. 2 (b), respectively.
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Fig. 1 Structure diagram of stirred tank with bottom baffles

1- motor, 2— speed reducer, 3— stirring shaft, 4— impeller,
5- stirred tank, 6— baffle.
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[
() crisscross baffles

(b) logarithmic spiral baffles
Fig. 2 Vertical view of baffles on the bottom

A. Numerical Simulation of Stirred Tank with Bottom
Baffles

a. Hydrodynamic Model
Assuming incompressible fluid, in Cartesian coordinates
(X, Y, ), the continuity equation is as follows,

0
5_p+a(PVx)+ (pVY)+a(pvz):0 (1)
ot OX oy oz

Where, p is the density, kg/m®. Ve, VoV, is respectively
of the velocity component of the direction of X, Yy, Z, m/s.

Momentum, energy and turbulent flow equations are an
unified transport equation of the form that is composed of the
convection, diffusion and the original items. For the

variable @ , its transport equation is as follows.

2(pv.cyp) . 2(pv,cs8) N 2(pv.cy9)
oX oy 0z
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b. Creating Model

By using the pretreatment software Gambit, the structural
model of the stirred tank, disc turbine impeller and bottom
baffles can be established. In the literature [3], we can see that
paddle is 0.5 times of the cylinder inner diameter and impeller
is installed in the upper part of the tank. The maximum height

from the bottom of the stirred tank to impeller can be 0.75
times of the entire liquid level.

Model parameters: The stirred tank inner diameter (D) is
300 mm. The height (h) of the liquid level is 400 mm. The
impeller diameter (d) is 0.5D. The height (C) from the bottom
of the stirred tank to impeller is 0.7h. According to the
literature [13], we can see that the width of the baffle (W,) is
0.1D, the height of the baffle (h,) is 0.05D, the thickness of the
baffle is 3 mm, the rotational speed of the stirring shaft is 180
r/min.

¢. Meshing

Meshing has important impact on the results of the
numerical simulation. Considering increasing the stability of
convergence, tetrahedral mesh is selected. Using Multiple
Reference Frame (MRF) method solves the relative motion
problem between the stationary parts and rotating impeller. By
this method, the entire computational domain is divided into
static region and dynamic region in two parts. In the static
region, the grid size is 8 mm and 297,247 grids are generated.
In the dynamic regions, the grid size is 2mm and 113,223 grids
are generated. Meshing is shown in Fig. 3.

Fig. 3 Model meshing

d. Calculation Methods

Considering the single phase flow simulation, water is
selected as working medium. Using Multiple Reference Frame
(MRF) method simulates the flow field. In the steady state
conditions, using standard K —¢ turbulence model; the
pressure and velocity are coupled by using SIMPLE
algorithm; the pressure equation is Standard format and the
rest equations are discrete by using an upwind format. The
degree of energy convergence is 10°and the rest are 107,

B. Simulation of the stirred tank without baffle

To enhance contrast, the structural model without baffle is
built up. Expect baffle, all the parameters are the same as the
parameters of the stirred tank with baffle. Its entire simulation
methods are fully consistent as the stirred tank with bottom
baffles.
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1. ANALYSIS OF SIMULATION RESULTS

A. Analysis of Flow Patterns
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Fig. 4 Velocity field on the cross sectional above 15 mm bottom
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Fig. 5 Velocity field on cross sectional above 15 mm bottom with
baffles

From Fig. 4, when there is no baffle on the bottom of the
stirred tank, the fluid on the cross section near the bottom of

the reactor generates swirling phenomenon. The fluid velocity
near the internal wall in the stirred tank is Maximum while the
fluid velocity in the center of the bottom is Minimum. When
the crisscross baffles are placed on the bottom, the fluid at the
center of the bottom of the reactor generates the radial flow
from outside to inside as shown in Fig. 5 (a) and Fig. 5 (b). At
the same time, Burgess Vortex [14] is generated in the bottom
of the stirred tank. The speed near the baffle in the radial
between the baffle and the reactor is Maximum. The speed at
the bottom center of the stirred tank is larger than the stirred
tank without baffle.
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Fig. 6 Velocity vector on axial cross section,
(a) without baffle; (b) with crisscross baffles

From Fig. 6(a), when there is no baffle on the bottom of the
stirred tank, the fluid in the entire stirred tank generates a
rotary movement around the shaft to form a cylindrical rotary
zone. When the fluid is at high velocity, the vortex will form.
This flow pattern is called tangential flow. At the same time,
the flux from the blade to the blade suction area is smaller and
the mixing effect is poorer.

In the stirred tank, there are three basic flow patterns: radial
flow, axial flow and tangential flow. Axial flow and radial
flow play a major role in the mixing while the tangential flow
should be inhibited. In this study, the crisscross baffles and
logarithmic spiral baffles on the bottom of the stirred tank with
elliptic bottom can weaken the tangential flow and enhance the
axial flow and radial flow. After the crisscross baffles are
placed on the bottom of the stirred tank, the fluid flow pattern
is shown in Fig. 6(b). The flow pattern of the fluid at the center
of the stirred tank is spiral-shaped. At the same time, a circle
forms. When the radial flow generated by the impeller
encounters the wall of the stirred tank, the majority of fluid
will move downward along the wall of the stirred tank. After
the fluid gets to the bottom of the stirred tank, the fluid will
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move to the center of the stirred tank along the radial direction
from outside to inside. After then, with the lead of the Burgers
vortex [8], the fluid reaching the center will move by a spiral
upward along axial direction and get to the blade suction area.
As a result, a circle forms in the stirred tank. With the lead of
this circle, the fluid in the tank can easily get in touching with
each other and fully be mixed. There is no dead zone in the
whole stirred tank.
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Fig. 7 Velocity vector on cross sectional above 75 mm bottom,
(a) without baffle; (b) with crisscross baffles

In the above circle, the flow pattern is significantly different
on the cross section between the impeller and the bottom of the
stirred tank. From Fig. 7(a), there is no baffle in the bottom of
the stirred tank, the fluid on the cross section which is 75 mm
away from the bottom of the stirred tank is rotary-shaped. But
From Fig. 6(b), when the crisscross baffles are placed on the
bottom of the stirred tank, the fluid at the center of the cross
section which is 75 mm away from the bottom of the stirred
tank is spiral-shaped. These are the same as the above
described that the fluid at the center of the stirred tank
generates spiral upward movement.

B. Analysis of Velocity

From Fig. 8, when there is no baffle on the bottom of the
stirred tank, the axial velocity of the fluid in the stirred tank is
very small and the fluid basically does not move upward along
the axis. After the crisscross baffles and logarithmic spiral
baffles are placed on the bottom of the stirred tank, the axial
velocity of the fluid in the stirred tank increases significantly
and the fluid produces an upward axial movement. The axial
velocity of the fluid in the stirred tank with logarithmic spiral
baffles is larger than the axial velocity of the fluid in the stirred

tank with crisscross baffles. The upward axial movement of
the fluid is more apparent and the stronger axial flow forms.
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Fig. 8 Velocity profile along z-axis of axial cross section
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Fig. 9 Velocity profile along x-axis cross section above 75 mm
bottom

From Fig. 9, when there is no baffle on the bottom of the
stirred tank, the radial velocity of the fluid in the stirred tank is
very small and the fluid basically doesn’t move along the
radial. After the crisscross baffles are placed on the bottom of
the stirred tank, the radial velocity of the fluid in the stirred
tank increases significantly and the fluid produces a radial
movement. When the logarithmic spiral baffles are placed on
the bottom of the stirred tank, the radial velocity of the fluid at
the center of the stirred tank is larger than the axial velocity of
the fluid in the stirred tank with the crisscross baffles. The
radial movement of the fluid is more apparent and the stronger
radial flow forms.

C. Comparision of Power

In this study, the comparison of the mixing power is carried
out by comparing the mixing power of the stirred with the
crisscross baffles to the mixing power of the stirred tank with
the logarithmic spiral baffles. In the same operating
conditions, when the rotational speed of the shaft is 120 r/min

. 180 r/min, 240 r/min and 300 r/min, respectively, the

numerical simulation is carried out. Through the numerical
calculation, the total moment of the impeller can be obtained
and the mixing power can be obtained through the following
formula [15].
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P=Mo 3)

Where, P is the mixing power and M is the total torque of
the impeller. w is the angular velocity of rotational shaft.

TABLE |
SIMULATION VALUES OF THE MIXING POWER AT DIFFERENT
SPEEDS
Rotational speed P (w)
(r/min) Crisscross baffles Logarithmic spiral baffles
120 1.84 1.76
180 6.71 5.64
240 15.34 14.58
300 29.44 28.02

The simulation values of the mixing power of the stirred
tank with the crisscross baffles and logarithmic spiral baffles
are shown in Table 1. Though comparing the simulation
values, the mixing power consumed by the stirred tank with
the logarithmic spiral baffles is smaller than the stirred tank
with the crisscross baffles. As a result, the stirred tank with the
logarithmic spiral baffles is more energy-efficient than the
stirred tank with the crisscross baffles.

IV. CONCLUSION

From these numerical simulation studies and comparative
analysis of simulation results, the following conclusions can
be obtained.

When the crisscross baffles and logarithmic spiral baffles
are placed on the bottom of the stirred tank with elliptic
bottom, the tangential flow can be weakened and the axial
flow and radial flow can be enhanced. Compared with the
stirred tank without baffle, the mixing effect has been greatly
improved.

After the crisscross baffles and logarithmic spiral baffles are
placed on the bottom of the stirred tank with elliptic bottom,
the liquid generates a radical movement from outside to inside.
The liquid which is closed to the wall of the reactor slowly
spins down the wall and the strong spiral axial flow forms at
the center of the stirred tank.

Between the crisscross baffles and the logarithmic spiral
baffles, the mixing effect of the stirred tank with logarithmic
spiral baffles is better and the power consumption is lower.

By using FLUENT software, the Multiple Reference Frame
(MRF) method is feasible for the simulation of velocity field in
the stirred tank with elliptic bottom and bottom baffles.
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