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Abstract. As in the current industrial process, mixing is an essential process for various
streams of application in engineering fields. The aim of this paper is to predict flow behaviour
of the mixing process in mixing tank with the Rushton impeller and find out the best suitable
design that creates required turbulence for producing a better degree of homogeneity in mixing.
The rotation of the impeller is modelled using MRF in a single-phase medium treating the
walls with a no-slip boundary. The mixing characteristics of single and multiple impellers are
investigated by varying the impeller speeds and the results of velocity and pressure contours
are compared to identify the best impeller with enhanced mixing.

1.Introduction

In many industries mixing is one of the major operations that is been take place for various wide range
of applications. For this process an essential mixing tanks are widely used for executing all such
mixing operation in industries like Pharmaceutical, oil, Agri-chemical preparations, paint
manufacturing, chemical, food, water treatment and biochemical plants are used in wide variety of
range with different types of tanks stirred tank, aeration tank and agitated tank based upon the
applications. Blending substances and particles, dispersion of gas and liquid, solid suspension, heat
transfer is also varying upon with the case conditions [1,2]. Maintain the balance quantity of the
substance which is based upon the concentration level, their general operation is to mix the soluble
substances such as solids, liquids and gases in which the impeller is used to make the interaction
between the particles [3,4]. Some of the drawbacks where the accumulation of particles and stay as a
stagnant due to improper mixing which may be depend upon the type of impeller used or the type of
mixing tank design that is not suitable for the application that is used for [5,6]. Hence a careful choice
of impeller must be selected for the achievement of better mixing quality in bringing the homogenous
quality as an output, the characteristics of the impeller design plays a wide role such as the type of
impeller, size of the impeller, no of blades used in the impeller ,speed at which the impeller is rotating
plays a major role in the mixing performance[7,8]

Hence here the to study the flow physics inside the mixing tank where the impeller is set to a
moving reference frame and understanding the turbulence visualization is done by using
Computational fluid dynamics (CFD). Generally, CFD is used to analyzing the fluid flow system using
numerical methods such that the simulation is run by the computer-controlled programs [9,10]. The
possible source of failure can be predicted and analyzed using the software. There are various flows
within the steady state and transient condition based upon the simulation that is executed depending on
application [11]. Hence in order to achieve a promising result, CFD can be employed in gaining depth
knowledge about the turbulence that operation that take place in the mixing tank due to the impeller
motion of rotation about a particular axis and this method of using the CFD is way in a cost-free
effective method [12]. Some of the impeller configuration dealing with hydrodynamics that relates the
mixing performance in a mixing reactor is been tested out with computational fluid dynamics [13]. It
is to be noted that the quality of the solid suspension mainly depends upon the fractal iteration as with
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increasing the homogeneous degree of freedom [14,15]. The power consumption can be reduced
drastically by the rigid flexible impeller which is to a punched rigid one [16]. The homogeneity quality
is based upon the lumped parameter that insist the mixing time aspect ratio with the range of multiple
impellers [17,18]. As building up a mixing tank is a major part of the designing in this application.
Hence a mixing tank with an impeller is designed such a way that the mixing of components should
take place very well [19,20]. As there are two cases which have been considered such as designing a
“single impeller” and a “multiple impeller”. Both the single impeller and multiple impellers has
different variation in performance drastically due to the nature of the design, as the selection of
suitable impeller is mandatory of a mixing application to get a successful mixing rate.

The dimensions of the components are shown:

Table 1. Dimension of the tank

Parameter Symbol Value(mm)
Tank Diameter T 400
Tank Height H 500
Impeller Blade Height H 12
Impeller Blade Diameter D=T/2 200
Impeller Clearance C=D/3 66.66

The Rushton impeller is used here which the shaft holds concentric to centre of the mixing
tank. This Rushton impeller consists of 6 blades which is well suited for creating required turbulence
effect avoiding any accumulation of particles as a stagnant at any place in the tank. So as of Rushton
impeller is well suited in multiphase medium such gas-liquid phase applications.

Figure 1 Schematic diagram of impeller

The figure 1 represent the schematic diagram of the Rushton impeller which have been used for
executing the simulation
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2. Mathematical modelling and numerical method
To solve the numerical simulation the finite volume solver is used where the turbulence in induced
where this model is set to be as buoyancy. The Reynolds averaged Naiver-stokes (RANS) for getting
the temperature field and the energy equation.

Here the Large eddy simulation turbulence model is executed for obtaining the turbulence
effect. The energy that involves the surface and surface radiation and as to solve the governing
equation:
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Here any of simplification is possible with the energy equation where the non linear problem
plays a major role in balancing viscous problem where the Froude number which is dimensionless
number plays a greater role in flow regimes. It is said that when the Froude number is lesser than one,
it is tranquil and when the Froude number is greater than one, it is shooting flow

Fr<1, 3)

Fr> 1, (4)

The variation in the continuity equation can be written in even two main components where
the stream function plays a major role calculated by the empirical model of the power number which
act a significant effect

oy

u=+— (5)
oy
oy

v=t— (6)
0x

Here the Reynolds number that is used to predict whether the flow is laminar or turbulent
where the Re<2100 is said to be laminar and Re>4000 is said to turbulent. The values of the diameter
of impeller, velocity ,density of the fluid used and viscosity is mandatory to find Reynolds number

pvD
Re = — (7)
u

The density here is represented by ,,p* and the velocity is represented by ,,v* and the diameter
of the impeller region is represented by ,,D*

The difference of temperature between the source of heat and the ambient temperature where
the ,,L* is the length of enclosure ,,v** is the kinematic viscosity. The Froude number in which the
buoyancy forces the dimensionless number which relates the inertia and the mathematical
representation of Froude number.
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The fluids in the mixing reactor can consist of either Newtonian fluid or non-Newtonian
fluid where it is known that the Newtonian fluid is of less viscous such as H2O fluid and non-
Newtonian fluid has high viscous in nature such as oil. In detail the Newtonian fluid experience shear
stress which is correlated with the strain rate where non-Newtonian varies based on applied stress.

2.1 Meshing and preprocessing

The Solid works 2019 software is used is used for modelling the mixing tank and its components
before being imported to ANSYS Fluent for Pre-processing and meshing. Here two domains are
created laterally which is one inner domain and outer domain. Such that the Boolean pattern of the
impeller is created in the inner domain and only the inner domain is subjected to mesh motion. Here
the tetrahedron mesh is executed to discretize even the uneven parts.

Figure 2 Geometry of the mixing tank

The above schematic diagram Figure2 represents the isometric view of mixing tank which
has shaft attached with three Rushton impellers connected in a series as the shaft rotates, the impeller
also rotates mutually at certain radian per second. Hence there are two cases where the tank with
»single impeller and ,,multiple impeller*.

The case with single impeller has only one Rushton impeller attached with the shaft. So that
a comparison is made finally with both single and multiple impellers with varying rotating speed of
the shaft in radian per second. As it is to be known that definitely the simulation results differ due to
the change in the geometry variations and finally the results are verified.
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Figure 3 Insight view of Mesh

The figure 3 represent the cross-sectional view of mesh, hence an insight view if the impeller region
can be viewed clearly where a finite mesh that had been done.

2.2 Simulation set up

The Ansys fluent is used to run the simulation of the mixing process to take place. Here transient state
condition is used with activating the turbulence condition of Large eddy simulation on selecting the
sub-grid scale model as Smagorinsky-Lilly which will be helpful to find out the eddy-viscosity. The
electrolytic medium is just taken as liquid-water H20 where the fluid properties are imported from the
fluid database as the general density of water 998.2kg/m”3 and viscosity constant of 0.001003 kg/m-s.
Here the inner domain is considered as the fluid medium having a no slip boundary condition to the
walls. To subject the impeller to a rotating zone, the MRF model is used for executing the impeller to
rotate at varying speed according to case conditions such as 25 rad/sec, 35 rad/sec, 45 rad/sec.

3. Result and discussion

Here two case conditions are executed having a simulation of mixing tank with ,,single impeller and
»~multiple impeller* and a comparison of the velocity and pressure is made to conclude which has better
performance.
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Figure 4. Streamline of mixing process Figure 5. Insight view of vector pattern

The Figure 5 represents the velocity vector pattern that clearly indicates the impeller is rotating
mutually creating a turbulence effect among the three impellers.

3.1. Case 1

In this the effect of velocity and the effect of pressure is considered with the ,,single impeller®. This is
simulated with varying rotational speed of the impeller such as 25rad/sec, 35rad/sec, 45rad/sec. Here
the turbulence that is induced due to the swirl motion of the impeller, the pressure is way developed by
the fluid medium to the friction that is created between the blades. Hence finally all the rotating speed
plays a major role where each of it is finally used to calculate the Reynolds number, so that which one
of the case has more turbulent effect can be predicted depending upon the obtained value of the
Reynolds number. So, it is much mandatory to calculate each of the rotating speed case conditions.
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Figure 6. Graphical representation of velocity Figure 7.Graphical representation of pressure

The figure 6 represent the velocity pattern of the ,,single impeller™, here the velocity pattern of three
different impeller speeds 25rad/sec, 35rad/sec, 45rad/sec has been compared relatively.
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The figure7 represent the pressure pattern of the ,,single impeller where the pattern of pressure is
compared relatively with three different rotational speed of the impeller 25rad/sec, 35rad/sec,
45rad/sec.

3.2. Case 2
In here the effect of velocity and pressure is considered with the ,,multiple impeller™. This is simulated
with varying rotational speed of the impeller such as 25rad/sec, 35rad/sec, 45rad/sec.

Figure 8. Velocity contour of multiple impeller Figure 9. Pressure contour of multiple impeller

The figure 8 represent the velocity contour of the mixing tank with a multiple impeller that is attached
to the shaft. Here the velocity is imparted due to the turbulence that is created by the rotational speed
of the impeller pertaining to an axis. The figure 9 represent the pressure contour of the mixing tank
with a ,,multiple impeller attached to the shaft. Here due to the rotational speed of the impeller,
turbulence is created effectively which causes pressure that is to be induced in the tank region
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Figure 10. Graphical representation of velocity Figure 11.Graphical representation of pressure

The figure 10 represent the velocity pattern of the ,,multiple impeller, here the velocity pattern of
three different impeller speeds 25rad/sec, 35rad/sec, 45rad/sec has been compared relatively. The
figurel1 represent the pressure pattern of the ,,multiple impeller where the pattern of pressure is
compared relatively with three different rotational speed of the impeller 25rad/sec, 35rad/sec,
45rad/sec
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Figure 12. Graphical representation of velocity Figure 13. Graphical representation of pressure

4. Conclusion

Hence the flow physics of the mixing process can be easily studied using CFD. It has been
come to know that the impeller flow characteristics differ varyingly according to the increase
in the impeller rotational speed 25rad/sec, 35rad/sec, 45rad/sec. With all the graphs of
velocity and pressure pattern of both ,,single impeller” and ,,multiple impeller it is to be
known that increase in the speed of impeller increases the velocity and pressure gradually. So,
has to select a best impeller which creates more turbulent effect a comparison is made
between both single and multiple impellers. Here a single case condition of impeller rotational
speed 25rad/sec is taken. The figure 12 and figure 13 represent the comparison of both single
and multiple impeller which the velocity and pressure that is induced. As it is predicted that
the performance of the ,,multiple impeller™ is comparatively better than ,,single impeller in
producing more turbulent effect this is essential for mixing. Hence the selection of impeller
design is mandatory which gives good mixing quality. This concludes that using CFD, it is
easy to find the best suitable design of the mixing tanks that will guarantee the best
homogenous mixing quality as the output reducing the time and cost
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