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ABSTRACT: The numerical investigation of concentration levels of fluids in industrial mixing process has been
studied. The study assumes a two-dimensional laminar flow of an incompressible fluid mixture. The equations governing
the flow of fluids in the mixing chamber are the equation of conservation of mass, equation of conservation of linear
momentum, and advection-diffusion equation. The governing equations are non-dimensionalized to obtain the flow
parameters. The resulting model equation is solved numerically using the finite difference method. The study found that
the rotational and extensional local flows inside the mixing chamber dominate the mixing index and hence producing
steady stirring. The study also found that the inertial force has a crucial impact on the mixing since it causes powerful
vortex flow in the mixing chamber and diminishes the damping effect on diffusion, which leads to a higher mixing
performance. The results obtained from this study are useful in manufacturing industries to provide new insights into
mixing phenomena in both fluids and dyes as well as provide a solution to transport problems. The results will also shed
light on how physical systems mix for different parameters for example, mixing in fluid flows and size segregation in
granular flows.
Key Words: Chaotic advection and diffusion, Granular flows, fluid diffusivity coefficient, fluids mixing process,
fluid characteristic velocity.

I. INTRODUCTION
Micro fluidic devices such as micro pump, micro mixer, micro valve, and even micro reactor have been widely
utilized in micro-electromechanical systems and employed as powerful instruments to perform biological
experiments. These microfluidic devices have been developed for a broad range of applications such as
chemical engineering and genomic analysis. Effective mixing of various fluids is required in many mixing
chambers. Mixing of fluids is a fundamental process in many natural and industrial flow fields. Batch mixers,
similar to food mixers, are a primary method for the processing of many materials. However, there are inherent
drawbacks to a batch mixing process (e.g. inconsistent mixture quality, residual voids and fissures, limited pot
life, etc.). The study of these devices is complicated by several factors which include rheological properties of
the fluids, complex geometries, and device scaling issues. Recent interest in developing more efficient,
controllable mixing processes has focused attention on developing a better understanding of the physics of these
devices.
II. LITERATURE REVIEW
Many researchers have investigated batch mixing configurations numerically while fluid properties and power
consumption have also been a focus. Computational models have been utilized to study other mixer
configurations. For instance, Youcefi et al. (1997) experimentally and computationally investigated the effect of
fluid elasticity on the flow induced by a rotating flat plate impeller. In their work torque measurements were
also made and used to determine the power number as a function of the fluid type and Reynolds number. It was
found that the power number data collapsed onto a single curve for all Newtonian and non-Newtonian pseudo
plastic fluids when the effective Reynolds number was used for the pseudo plastic fluids. Zhou et al. (2000)
investigated the power consumption in a double planetary mixer with Newtonian and non-Newtonian fluids. It
was found that the power curve for non-Newtonian fluids was found to collapse to the curve for Newtonian
fluids when the Metzner-Otto Reynolds number was used for scaling. Anderson et al. (2000, 2001, and 2002)
have successfully used the mapping method of Spencer and Wiley to study realistic mixing flows by advecting
the boundaries of grid cells and then projecting the deformed grid onto the original one to obtain the mapping
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matrix that solves the purely advective problem. Conor (2014) investigated numerically the advection-diffusion
equation is to gain insights into mixing phenomena in both fluid and granular flows. The ratio of the finite-time
Lyapunov exponents at the starting location for the two reacting species determines the final average
concentration of each species, showing the importance of the details of the chaotic velocity field on advectionreaction-diffusion systems. Clifford et al. (2004) studied the effects of Reynolds number on the mixing in a
simplified pin planetary mixer. Mixing patterns were derived using flow visualization and compared to compute
fields. The mixing patterns were found to have a Reynolds number dependence. Ian and Changying (2018)
performed experimental tests and computational fluid dynamics simulations to examine the flow characteristics
of four impeller designs (anchor, saw-tooth, counter-flow and Rushton turbine), in achieving solution
homogeneity. The impellers were used to mix potassium sulphate granules, from which values of electrical
conductivity of the solution were measured and used to estimate the distribution pattern of dissolved solid
concentrations within the vessel.
III. METHODOLOGY
Equation of continuity
This is derived from the principle of conservation of mass which states that under normal conditions matter can
neither be created nor destroyed. The general form of continuity equation, in vector notation, is given by
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Equation (1) is essential in determining whether the flow is possible or not. If the continuity equation is
satisfied, then the fluid flow is said to be possible. By performing the vector dot product, equation (1) becomes
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Since the fluid is assumed to be incompressible (i.e., density is a constant) and the flow is two-dimensional,
equation (2) reduces to the simpler form
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(3)
Equation of conservation of linear momentum
This is derived from Newton's second law of motion which states that the rate of change of momentum of a
body is equal to the resultant external force producing the change and takes place in the direction of the force.
The general equation of motion is given by:
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Advection-diffusion equation
In nature, transport occurs in fluids through the combination of advection and diffusion. The advection-diffusion
equation is given by:
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Dimensionalized advection-diffusion equation
The dimensionless form of the advection-diffusion equation (5) is given by (Landau and Lifshitz, 1959);
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(6)
The Peclet number (Pe) is a dimensionless parameter defined as the ratio heat transport by convection to heat
transport by conduction. Thus, Pe is the product of Reynolds number (Re) and Prandtl number (Pr). It is
expressed mathematically by

Pe 
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Substituting equation (3.9) into (3.8) yields
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Discretization of governing equation
Equation (8) is discretized to study the effects of diffusivity (D) characteristic length (L) and characteristic
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velocity (U) on fluid concentration levels. The time derivative,

approximation, as shown below.
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Substituting these approximations (11) into equation (10), and letting u  v  1 , we obtain
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Taking 
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2t and re-arranging, we get
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Taking x  y  0.1 ,and

t  0.01 ,    0.1 and   2

yields

 0.1  2  Cin1, j   0.1  2  Cin1, j   4  2 Cin, j   2  0.1 Cin, j 1   2    Cin, j 1  2Cin, j 1

(12)

The system of equations (12) are subjected to the following initial and boundary conditions

C(x,y,0) = 0, t =0

(13)
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(14)

Applying the conditions (12) and (13) to the system (14), and
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Solving the above matrix equation (16), we get the solutions for profile values.
IV. RESULTS AND DISCUSSION
A. Effects of diffusion coefficient on fluid concentration level
The simulation results for the effects of varying diffusion coefficient (D) of the tracer (or fluid) on fluid
concentration level are shown in Figure 2 below.
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Fig 2: Graph of fluid concentration level against flow length along mixing chamber at varying diffusion coefficient

From Figure 2, it is observed that an increase in diffusion coefficient (D) causes an increase in the magnitude of
the fluid concentration profiles. This is because diffusion affects the parameters of system pressure, component
properties and balance time, which in turn affect the efficiency of displacement. The term molecular diffusion
includes both the mass transfer diffusion and self-diffusion, which are quantitatively described by the diffusion
coefficient. Mass transfer diffusion mainly occurs in the non-equilibrium condition of the chemical potential
gradient.
B. Effects of Characteristic Length on Fluid Concentration level
The simulation results for the effects of varying characteristic length (L) of the mixing chamber on fluid
concentration level are shown in Figure 3 below.

Fig 3: Graph of fluid concentration level against flow length along mixing chamber at varying chamber characteristic
length
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Figure 3, it is observed that an increase in the characteristic length (L) of the mixing chamber results in a
decrease in the magnitude of the fluid concentration profiles. This is because the mixing at any location depends
on the upstream (vortex) flow, which weakens with an increase in chamber length. Moreover, increasing the
chamber length means that the contact areas between the fluids and the chamber are enlarged as well. Since the
wall of the inlet channel is tangential to the wall of the mixing chamber and the inertial force accelerates the
flow, the flowing fluids meet with strong inertia.
Effects of Characteristic Velocity on Fluid Concentration level
The simulation results for the effects of varying characteristic velocity (U) of the mixing chamber on fluid
concentration level are shown in Figure 4 below.

Fig 4: Graph of Fluid Concentration level against flow length along mixing chamber at varying characteristic fluid
velocity

Figure 4, it is observed that an increase in fluid characteristic velocity (U) results in an increase in the magnitude
of the fluid concentration profiles. This is because the fluid velocity is directly proportional to the shear rate and
the large shear rate accelerates the uniform mixing by molecular diffusion. Increasing the characteristic velocity
(U) will increase the temperature of the fluid, resulting in a decrease in the viscosity and shear stress of the fluid.
Validation
The results obtained in this study are in agreement with other related studies such as in the study by Ian and
Changing (2018).
V. CONCLUSION
From the numerical results which have been presented in terms of concentration profiles, it can be concluded
that:
1. The rotational and extensional local flows inside the mixing chamber dominate the mixing index, thereby
producing steady stirring.
2. The combination of the radial dispersion and the vortex flow improve the mixing inside the chamber.
3. The inertial force has a crucial impact on the mixing since it causes powerful vortex flow in the mixing
chamber and diminishes the damping effect on diffusion, which leads to a higher mixing performance.
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