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Abstract:

Mixing in stirred tanks is one of the most common unit operations in process
industry. Mixing is usually carried out at low to moderate Reynolds number .Impellers are
mainly classified based on fluid flow. 1. Radial flow 2. Axial flow. In the present work the
base model of the rushton agitator will be taken to study the mixing performance using
CFD and compare it with literature by plotting performance parameters (Ur/Utip vs
r/R),(2z/b vs Ux/Utip) and (Qr vs r/R). Once after validating and comparing the
performance parameters from CFD simulation with reference literature, the design
modification will be considered. The CFD simulation of the stirring chamber will be carried
out with modified agitator by replacing the rushton agitator. The CFD simulation will be
carried out for different rotational speeds 225,300 and 400 rpm respectively. Comparative
study between base design and proposed design will be studied based on radial flow rate,
power number and flow number.

Index Terms: Stirred Tanks, Process Industry, Impeller, Fluid Flow & Rushton Agitator
1. Introduction:

A stirred tank reactor is the simplest type of reactor. It is composed of a reactor
and a mixer such as stirrer, a turbine wing or a propeller. This type is useful for
substrate solutions of high viscosity and for immobilized enzymes with relatively low
activity. However, a problem that arises is that an immobilized enzyme tends to
decompose upon physical stirring. This type is suitable for the production of rather
small amounts of chemicals or for mixing purpose.

Components of stirred tank
e Stainless steel vessel
e Shaft with propeller blade
e Liquid substance for mixing purpose

Tanks stirred by either a mechanical means or by a fluid jet are widely used in
many industrial processes. These processes include the chemical, petrochemical, oil and
metallurgical industries. Stirred tanks are used in diverse processes such as blending,
dispersing, emulsifying, suspending and enhancing heat and mass transfer.
Consequently, a very wide range of stirred tanks is available to suit various applications.
The details of the flow and the extent of mixing in a stirred tank are of direct interest in
most industrial applications. The design and scale-up of stirred tanks and the
quantification of mixing in them have been traditionally tackled by developing empirical
design equations mainly due to the complexity of the fluid dynamics of mixing. For
example, for a given unit, the degree of mixing is deduced by analyzing the residence-
time distributions of a tracer. Although this approach has proven to be satisfactory for
many applications, it is rather limited because it neglects the complexity of flow in most
mixing applications. Moreover the empirical equations are usually highly experiment
specific and seldom contribute to the development of theory. Recently computational
fluid dynamics (CFD) and advanced experimental techniques such as laser-Doppler
velocimetry (LDV) have been increasingly used to obtain better understanding of the
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mixing process, including detailed knowledge of the flow characteristics. Such a detailed

understanding of the process is essential for equipment design and selection. Computer

simulation of turbulent flow phenomena has been successfully applied to many
industrial applications. Patterson (1975) described the principles of applying.

The impellers are mainly classified based upon the fluid flow. They are radial and
axial flow. The rushton turbine is come under radial flow. The main disadvantage of the
rushton turbine is high power number (PO), because of the fluid resistance. The aim of
this work is to investigate the effect of the shaft eccentricity on the hydrodynamics of
baffled stirred vessels. The difference between coaxial and eccentric agitation is studied
by calculating flow pattern and power number of the stir tank for the different rpm for
225,300 and400 of the impeller blade by experimental and CFD analysis.

2. Experiment:

The design and the dimensions of the stirred tank with two Rushton impellers of
standard geometry, which were used in this work, are shown in Figure 1. The stirred
tank consists of a flat bottomed glass cylinder (refractive index 1.47 at a wavelength of
587 nm) an inner diameter T of 0.30m. Four vertical baffles are symmetrically placed
around the tank wall, each with a width of one-tenth of the tank diameter (lbaffle =
0.1T). The Rushton stirrer with two impellers, which is of standard design with a
diameter (D) equal to one-third of the tank diameter (D/T=1/3), is located with a
clearance from the tank bottom of about half of the tank diameter (C1=0.55T). The
upper impeller is placed AC=0.7T above the lower one. A pump drives the turbines and
the stirring speed is measured using a calibrated digital oscilloscope. In order to reduce
optical refractive index effects at the cylindrical surface of the tank, it is placed in a
square glass vessel. The stirred tank is filled with tap water as the main continuous
phase fluid, the surface of which is C2=0.55T above the upper impeller. The square
vessel is also filled with water to reduce light refraction at the interface. For more
details on the geometry of the stirred tank used in this study see Guillard et al.[3]. A
double-cavity 2x25 m] Nd:Yag (Continuum) pulsed laser is used to produce a beam at a
wavelength of 532 nm.
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The laser beam passes through a plano-concave lens to produce a two
dimensional vertical sheet of light (2 mm thick). Two series of experiments were
performed: i) velocity measurements by using of PIV, and ii) concentration
measurements of the determining tracer by using of a CCD camera (PLIF mode). In each
series 3 different rotational speeds of the impellers: 225, 300 and 400 rpm, were
employed. For the determination of the average velocity and mixing characteristics, the
CCD camera captured 500 instantaneous images in each case. The average of the 500
images was used in the calibration of the PLIF measurement. The calibration procedure
is described by Moghaddas et al. [4].

3. CFD Method:

Three-dimensional CFD code Fluent, version 6.1, a finite volume based fluid
dynamic analysis program is used for solving a set of nonlinear equations formed by
discretization of the continuity, the tracer mass balance, and momentum equations. A
number of strategies can be used to deal with the movement of the impeller blades as
mentioned before. In this study, the MRF (Multiple Reference Frame) solution was used
as a starting point. The simulation was then switched to unsteady SM (Sliding Mesh)
model with time step set to 0.001 sec and second order upwind scheme for
discretization and SIMPLE algorithm for pressure velocity coupling were used. During
the unsteady computations to judge the convergence, volume integral of kinetic energy
in the tank was calculated. When the pseudo-steady state was reached (after 49s of real
time), the computations of tracer distribution in the vessel were solved together with
the flow equations. A computational grid consisting of 610000 cells and structured grids
composed of non-uniformly distributed hexahedral cells were made in Gambit 2.1 pre-
processor. Water at 25°C was used as the test fluid (p=103 kgm-3 , p=10-3 Pa s). The
simulation was run in several impeller rotational speeds in turbulence domain with an
initial condition of zero velocity at all grid nodes.

4. Result and Discussion:

4.1 Simulation Case for Design Validation with Literature:
e Twin Ruston Agitator Simulation

For Chamber Fluid - Water

Rotational Speeds -225 rpm, 300 Rpm And 400 rpm

For Chamber Fluid - Glycerine

Rotational Speed - 225 rpm, 300 Rpm And 400 rpm

4.2 Design Validation with Experiment from Literature:

R. Zadghaffari, 2009 — Double Rushton Simulation curve validation with
Impeller Experimental non-dimensional experiment —Fluid (water)
velocity curve with water as chamber fluid
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4.3 Simulation Results for Water:
4.3.1 Simulation Results for Water as Chamber Fluid and Rotational Speed=225

rpm:
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4.3.2 Simulation Results for Water as Chamber Fluid and Rotational Speed=300

rpm:
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4.3.3 Simulation Results for Water as Chamber Fluid and Rotational Speed=400

rpm:

410000
3 20000
30700
2908000
27300

2560000
2390000
2210000

| 20Mert0

L 1870000

1708400

1620000

1380400

119000

1020000

852001

&81601

511001

331001

170801

0008000

3040001
2900+01
2.76e+01
26%-01
2479401
233001

Contours of Velocty Magnituce (mv's)

May 01, 2016
ANSYS Fiuent 15.0 (3d. dp. pons. magke)

Confours of Turbulent Intensity (%) May 01,2016
ANSYS Fluent 15.0 (3. dp. pbns. mgke)

Contour of velocity magnitude (m/s)

Contour of turbulent intensity (%)

452



International Journal of Multidisciplinary Research and Modern Education (IJMRME)
ISSN (Online): 2454 - 6119
(www.rdmodernresearch.org) Volume 11, Issue I, 2016
4.4 Velocity Curve for Simulation Curve of Water:
4.4.1 Velocity for Simulation Case -Chamber Fluid as Water with Stirrer Rotational
Speed=225 rpm:

Results with water at 225 RPM
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4.4.2 Velocity for Simulation Case -Chamber Fluid as Water with Stirrer Rotational
speed =300 rpm:

Results with water at 300 RPM
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4.4.3 Velocity for Simulation Case -Chamber Fluid as Water with Stirrer Rotational
Speed =400 rpm:

Results with water at400 RPM
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4.5 Simulation Results for Glycerine:
4.5.1 Simulation Results for glycerine as chamber fluid and rotational speed =225

— Experiment (Zadghaffari et al)
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—Simulation (Zadghaffari et al)
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4.5.2 Simulation Results for glycerine as chamber fluid and rotational speed =300

rpm:
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4.5.3 Simulation Results for glycerine as chamber fluid and rotational speed =400

rpm:

Contours of Velocky Magnitude (mvs) May 01, 2016
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Contour of turbulent intensity (%)

4.6 Velocity Curve for Simulation Curve of Glycerine:
4.6.1 Velocity for Simulation Case-Chamber fluid as glycerine with stirrer

rotational speed =225 rpm:
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4.6.2 Velocity for Simulation Case -Chamber fluid as glycerine with stirrer
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4.6.3 Velocity for Simulation Case-Chamber fluid as glycerine with stirrer
rotational speed=400 rpm:
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4.7 Simulation Case for Modified Design Rushton Turbine Replaced with Twisted
Twin Blade Agitator:
¢ Rushton turbine-2 replaced with twisted twin blade agitator
For Chamber Fluid - Water
Rotational speed - 110 rpm, 150 rpm and 200 rpm
For Chamber Fluid - Glycerine
Rotational speed - 110 rpm, 150 rpm and 200 rpm
4.7.1 Simulation Case for Modified Design for Chamber Fluid Water with
Rotational Speed=110 rpm
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4.7.2 Simulation Case for Modified Design for Chamber Fluid Water with

Rotational Speed =150 rpm
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4.7.3 Simulation Case for Modified Design for Chamber Fluid Water with

Rotational Speed =200 rpm
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4.8 Simulation Case for Glycerine:
4.8.1 Simulation Case for Modified Design for Chamber Fluid Glycerine with
Rotational Speed =110 rpm
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4.8.3 Simulation Case for Modified Design for Chamber Fluid Glycerine with
Rotational Speed =200 rpm
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5. Conclusion:

In the present work, the mixing field in a baffled tank stirred by two flat six-blade
Rushton turbines was predicted using the CFD code, Fluent 6.1, at three different
impeller rotational speeds: 225,300 and 400 rpm, for the single phase mixing system.
An LES subgrid scale model was used as a turbulent model and the sliding mesh method
was used for counting the impeller rotation. For validation of the simulation results the
mixing field was experimentally analysed using the particle image velocimetry (PIV)
and planar laser-induced fluorescence (PLIF) measurement techniques. Based on the
PIV results, the pumping capacity of the systems was calculated. A considerable
reduction in mixing time was achieved by increasing the impeller speed. Reasonable
agreement between the experimental and the simulation results was obtained. The
satisfactory comparisons indicate the potential usefulness of this CFD approach as a
computational tool for designing stirred reactors.
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