
Abstract
The purpose is to investigate the impact of Soret on free and mixed convective Casson fluid flow in presence of amplification 
in a porous channel with magnetic field is carried out analytically. The obtained are coupled PDEs are highly nonlinear 
and are converted to an ODEs by similarity transformation and further solved by using perturbation technique to obtain 
velocity, concentration and temperature equations of the physical system. The influence of non-dimensional parameters such 
as Prandtl number Pr, Schmidt number Sc, thermal buoyancy parameter λ, Reynolds number R, chemical reaction rate γ, 
concentration buoyancy parameter N, Darcy number Da, Casson fluid parameter β, Hartmann number M2, Soret effect Sr on 
velocity, thickness of fluid and heat have been discussed with graphs.  The few important computational outcomes reveal that 
the Soret effect Sr enriches the concentration, fluid flow and temperature of fluid whereas Casson fluid parameter β diminishes 
the profiles. The earlier work and present work have been compared in the absence of Soret effect and is establishes to be good 
contract. 

*Author for correspondence

1.0 Introduction
In recent decades, the non-Newtonian Casson fluid gained 
very importance due to its widespread range of uses. 
Casson has many uses in metallurgy, biomechanics, food 
processing, manufacturing of drilling, pharmaceutical 
products, paints, china clay, synthetic lubricants, 
bioengineering operations and polymer processing 
industries. Soret effect has a vital role in transfer of mass 
and heat of fluid, due to this many researchers have been 
attracted towards it. Flux is the rate of flow per unit area, 
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the energy flux is caused by temperature and composition 
gradients. Soret effect or thermo diffusion is a process 
of transfer of mass due to temperature gradient. These 
effects have gained importance in the following areas 
geosciences, hydrology, petroleum industry etc. Suresh 
Kumar et al.1 observed the Soret effect and chemical 
reaction by considering 2D unsteady convection flow 
on a vertical plate. Employed Crank-Nicolson scheme 
to solve the constituent equations numerically. Further, 
Soret parameter and chemical reaction effect have been 
discussed on flow and thickness of the fluid. Reddy et 
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al.2 analysed Casson convection flow with Hall and Soret 
effect in a channel. 

Chalavadi Sulochana et al.3 analysed 3D MHD 
Casson fluid with of source or sink of heat, Soret effect 
and thermal radiation on a stretching sheet.  Hari et al.4 
inspected the generation of heat and thermal diffusion 
effect on magneto hydrodynamic Casson fluid flow about 
the vertical fluctuating plate in occurrence of thermal 
radiation, chemical reaction and porous medium. Laplace 
transform methods is implemented to solve the equations 
analytically. Further, computational work has been done 
by using Matlab. Bhatti5 studied the thermal diffusion 
combined with thermal radiation effect on Williamson 
nanofluid on porous extending sheet. The dimensionless 
equations have been obtained by using Chebyshev 
spectral collection method and successive linearization 
methods. Marija6 investigated the redistribution of active 
element between the layers in presence of Soret effect. 
The effect and relation of Lewis number thermo diffusion 
have been discussed. An incompressible, viscous, mixed 
convection of fluid over the heated plate with different 
fluid properties with Dufour Soret parameter had been 
carried out by Nalinakshi et al.7. 

Charan et al.8 analysed magneto hydrodynamic 
flow of Casson fluid in occurrence of source or sink on 
a vertical plate with Soret effect. Girinath Reddy et al.9 
investigated the effect of Soret-Dufour with different 
properties of fluid over the surface. Suresh et al.10 
examined Soret and dufour effect over mixed convective 
electrically conducting fluid on a plate in occurrence 
magnetic field. ODE have been obtained by similarity 
transformation and shooting technique. Girinath Reddy 
et al.11 considered the mixed convection flow of fluid 
with Dufour - Soret parameter with different properties 
of fluid on a moving surface. Shooting technique have 
been carried out to find solution to the governing 
equations. Kavitha et al.12 considered the variation of 
fluid on boundary layer with porous medium. Further, 
studied the effect of second order resistance. Suneetha et 
al.13 analysed the impact of Soret parameter on viscous, 
incompressible flow of unsteady free convection fluid in 
existence of heat source and thermal radiation on a plate. 
Further, physical parameters effect have been studied on 
temperature, Nusselt number, coefficient of skin friction, 
Sherwood number, velocity and concentration. Vijaya et 
al.14 surveyed the physical properties of Casson fluid in 

a vertical wall with radiation, transverse magnetic field, 
chemical reaction, constant heat source and porous 
medium. Runge-Kutta-Fehlberg method followed by 
shooting method have been implemented to resolve the 
constitutive equations. Baskar et al.15 used convection 
for secondary refrigerants in order to transfer the heat 
in which CNT is used as nanofluid and base fluid is  
EG.

Couette flow of dusty viscoelastic fluid in a canal to 
study Soret-Dufour effect and radiation absorption have 
been considered by Uma et al.16. Vijaya et al.17 inspected 
magnetohydrodynamic Casson fluid flow in existence 
of Soret effect, chemical reaction and radiation on the 
porous vertical plate. Two-term perturbation methods 
have been applied to get the solution analytically and 
results have been discussed graphically. Krishnandan et 
al.18 reviewed the influence of Soret parameter on laminar, 
steady magnetohydrodynamic Newtonian fluid flow 
on rotating porous disk using Forchheimer model. The 
dimensional equations have been resolved numerically by 
applying similarity transformation. Forchheimer model 
was considered by Nalinakshi et al.19 for electrically 
conducting fluid in existence of Dufour-Soret effect on 
a plate. Vijaya et al.20 observed the Soret effect on 2D 
steady magnetohydrodynamic flow of free convective 
Casson fluid in existence of thermal radiation over the 
moving vertical plate. Further, dimensionless parameters 
effect have been discussed on concentration, velocity and 
temperature profiles. Shilpa et al.21 investigated mixed 
convection flow of Casson in occurance of amplification 
in a porous medium. Cletus et al.22 studied the Williamson 
liquid along the stretching porous sheet in existence of 
Soret effect, viscous dissipation, chemical reaction and 
radiation to transfer mass and heat. Spectral homotopy 
analysis method have been implemented to resolve the 
obtained equations. Magneto hydrodynamic fluid flow 
with variable viscosity on the surface is carried by Girinath 
Reddy et al.23 to transfer mass and heat. Vidyashree 
et al.24 investigated impact of variability of convective 
ferromagnetic fluid in a porous layer with magnetic field 
dependent viscosity in presence of gravity field. 

The work discussed in the above section are related to 
the study of Soret effect on free or forced convection or 
mixed convection of Casson fluid or any non-Newtonian 
or Newtonian fluid in presence of porous medium or 
without porous medium in different channel. With these 
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literatures an attempt is made to study free and forced 
convection flow of Casson fluid in a vertical channel 
in occurrence of Soret effect, porous medium and 
amplification. 

2.0 Mathematical Formulation
A laminar, incompressible, steady MHD flow of Casson 
fluid in a vertical porous channel with porous medium, 
amplification and Soret effect as an external agent such 
that the two-dimensional model is having one wall of 
vertical channel at y = H and another wall is at y = -H 
is considered.  Laterally the centerline of the channel 
x-axis is situated and perpendicular to it is Y-axis. At y 
= H the fluid is injected and is pulled out at y = -H with 
uniform velocity V. B0 is strength of magnetic field which 
is maintained perpendicular to the velocity field. The 
magnetic field induced is insignificant compared with 
imposed magnetic field. 

  

      (3)
Equation of energy:

   (4)

Equation of species:

 (5)

Where ρ is density of the fluid, u, v are components of 
velocity in x and y direction, β is Casson fluid parameter, 
p is the pressure,  g is the acceleration due to gravity, υ 
is kinematic viscosity,  B0 is uniform magnetic field, βC 
is concentration expansion coefficient, βT is thermal 
expansion coefficient, k is thermal conductivity,  σ is 
electrical conductivity, T is temperature of the fluid, μ 
is dynamic viscosity, D is mass diffusion, Cp is specific 
heat at constant pressure, k1 is reaction rate, k2 is porous 
permeability and C is concentration field. 

The below mentioned equation is obtained, from (2) 
and (3).

      (6)

2.1 Boundary Conditions
  at y = H

 at y = 0.  (7)

2.2 Non – dimensionalisation
Equation (4), (5) and (6) are non-dimentionalized by (8).

. 

  (8)

X

Y

y = H y = -H 
B0

 Physical Configuration

The physical system has the following governing equations 
Continuity equation:

 
=0

    (1)

Momentum equation:
 

      (2)
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Equation (4), (5) and (6) are non-dimensionalized to 
get below mentioned concentration, temperature, velocity 
equations respectively.

 

      (9)
    (10)

 (11)

Where  is the thermal buoyancy parameter,  

is Hartmann number,  

is Grashof number, 

concentration of buoyancy parameter is  

  is Reynolds number, chemical reaction rate

 , Schmidt number ,

  is Prandtl number,

  is Darcy number,

 β is Casson fluid parameter, ‘a’ is amplification and 

 is Soret number.

Equation (7) under boundary conditions (8) reduces 
to (12),

(12)

3.0 Solution of the Problem
Perturbation method is employed to find solution of above

equations and assumed concentration ϕ, temperature θ 
and velocity f equation solutions are given below

   

      (13)

 
     (14)

 

      (15)
Perturbation parameters ‘a1’ and ‘ε’ have been   

introduced for double perturbation technique to obtain 
(16), (17) and (18) as concentration, temperature and 
velocity equations when (9), (10) and (11) subjected to 
(13), (14) and (15) respectively. 

      (16)  

+
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      (17)     

       (18)
All the above solutions contains di terms are all 

constants, which are taking much space and not specified 
here.

4.0 Result and Discussion
Based on the physical configuration, the main equations 
of Casson fluid flow in a channel for mass and heat have 
been derived.  The model is 2 dimensional model in which 
coordinates (x, y) have been transformed to one coordinate 
system by implementing similarity transformation. 
Next, an analytical approach is made using well known 
method called perturbation technique. The coupled PDEs 
are modified to ODEs with perturbation parameter ‘a1’ 
and ‘ε’.  Mathematica is used for the computation work. 
Further, temperature, concentration and velocity are 
discussed graphically on dimensionless parameters such 
as Hartmann number M2, thermal buoyancy parameter 
λ, Casson fluid parameter β, Reynolds number R, 
concentration buoyancy parameter N, chemical reaction 
rate γ,  amplification, Prandtl number Pr, perturbation 
parameter, Schmidt number Sc and Soret number. 

Influence of Schmidt number (Sc) Figure 1 represents 
Sc effect on heat, thickness and flow. Because of diffusivity 
of momentum the profiles enhances with rise in Schmidt 
number.  

Influence of Casson parameter (β) Figure 2 indicates 
influence of Casson fluid parameter (β) on thickness of 
fluid, heat and rate of flow of the fluid, the profiles reduces 
with surge in Casson parameter. Due to the inviscidness 
of fluid.  

Influence of Darcy number (Da) Due to rise in 
permeability of porous medium the profiles enhances 
with increase in Da is observed in Figure 3. 

Influence of thermal buoyancy parameter (λ) The 
rise in λ values diminishes the profiles is seen in Figure 4.

Hartmann number (M2) effect The existence of  
Lorentz’s force in the magnetic field acts against the flow, 
So the profiles diminishes which can be observed in 
Figure 5. 

+

+
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Figure 2. Concentration, Temperature and Velocity with Casson parameter (β).

Figure 3. Concentration, Temperature and Velocity with Darcy number (Da).

Figure 1. Schmidt number (Sc) effect on Concentration, Temperature and Velocity.
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Figure 4. Thermal buoyancy parameter (λ) on Concentration, Temperature and Velocity.

Figure 6. Concentration buoyancy parameter (N) on Concentration, Temperature and Velocity.

Figure 5. Concentration, Temperature and Velocity with Hartmann number (M2).
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Figure 7. Concentration, Temperature and Velocity with Chemical reaction (γ).

Figure 8. Concentration, Temperature and Velocity with Effect Prandtl number (Pr) 

Figure 9. Reynolds number (R) on Concentration, Temperature and Velocity.

0.0 0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0

1.2

y

0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0
y

0.2 0.4 0.6 0.8 1.0
y

0.1

0.2

0.3

0.4

0.5
fy

R = 0.5, 1, 2, 3

R = 0.5, 1, 2, 3

R = 0.5, 1, 2, 3

0.0 0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0

1.2

1.4

y

0.0 0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0

1.2
y

0.0 0.2 0.4 0.6 0.8 1.0
y

0.1

0.2

0.3

0.4

0.5

0.6
fy

Pr = 1, 3, 5, 7

Pr = 1, 3, 5, 7

Pr = 1, 3, 5, 7



P. A. Dinesh, M. S. Gayathri, K. V. Suma, B. V. Shilpa and D. V. Chandrashekhar

2845Vol 71 (12) | December 2023 | http://www.informaticsjournals.com/index.php/jmmf  Journal of Mines, Metals and Fuels

0.0 0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0

1.2

y

0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0
y

0.2 0.4 0.6 0.8 1.0
y

0.1

0.2

0.3

0.4

0.5
fy

Sr = 0.5, 1, 1.5, 2
Sr = 0.5, 1, 1.5, 2

Sr = 0.5, 1, 1.5, 2

0.0 0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0

1.2
y

0.2 0.4 0.6 0.8 1.0
y

0.2

0.4

0.6

0.8

1.0
y

0.0 0.2 0.4 0.6 0.8 1.0
y

0.1

0.2

0.3

0.4

0.5

0.6
fy

a = 0.1, 1, 1.5, 2

a = 0.1, 1, 1.5, 2

a = 0.1, 1, 1.5, 2

Figure 10. Concentration, Temperature and Velocity with Soret number (Sr).

Figure 11. Concentration, Temperature and Velocity with Amplification (a).
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Figure 12. Velocity with Perturbation parameter (ε).

Impact of Concentration buoyancy parameter (N) 
It decreases the profiles is seen in Figure 6 with surge in N  
which is because of Soret effect. 

Chemical reaction (γ) effect Due to exchange of 
molecules, chemical reaction (γ) enhances  all the profiles 
can be seen in Figure 7. 

Influence of Prandtl number (Pr) All the profiles 
diminishes with surge in Pr is noticed in Figure 8, fluid 
has high viscidness which declines the profiles. 

Influence of Reynolds number (R) The rise in inertial 
forces decays the viscosity of fluid which leads to increase 
the Reynolds number, this in turn enhances the profiles is 
seen in Figure 9. 
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Influence of Soret number (Sr) Difference in 
temperature leads to the soret effect. The profiles  develop 
with surge in Soret effect is represented in Figure 10.

Influence of amplification (a) All the profiles 
increases with surge in amplification is seen in Figure 11.

Influence of perturbation parameter (ε) Figure 12 
represents effect of ε on velocity. As the perturbation 
parameter increases the profiles are also enhances rapidly 
but there is no much effect of ε on concentration and 
temperature profiles.

The above obtained results are having good 
comparision and agreement with earlier work of Shilpa et 
al 20 if Soret effect and Darcy number tends to zero.

5.0 Conclusion
Due to above assumptions, effect of dimensionless 
parameters on concentration, heat and velocity are 
discussed. 

•	 Temperature, concentration and fluid flow 
diminishes with surge in Casson fluid parameter 
is because of high viscidness of fluid. 

•	 Schmidt number enhances temperature, velocity 
and concentration distributions this is because of 
surge in momentum diffusivity.

•	  Growth in Darcy number enhances the profiles 
due to porosity of permeable medium. 

•	  Concentration, temperature and velocity profiles 
diminishes with thermal buoyancy parameter 
because of Soret effect. 

•	 The rise in Hartmann number reduces all profiles 
because of occurrence of Lorentz force.

•	  Prandtl number reduces the profiles due of high 
viscidness of fluid. 

•	 Concentration buoyancy parameters declines the 
profiles because the domination of Soret effect. 

•	 The surge in chemical reaction leads to grow the 
profiles because of exchange of molecules.

•	 Reynolds number enhances the profiles this is 
because of inertial forces which declines the 
viscosity.

•	  The growth in Soret number rises all the profiles 
this is because of difference in temperature.

•	 The rise in amplification enhances all the profiles. 
•	 Perturbation parameter (ε) which is used for 

double perturbation influences in increase of 
velocity distributions. 
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