
  

Investigation of Steady Magnetohydrodynamics Casson Fluid Flow over an 

Aligned Vertical Porous Plate in the Presence of Thermal Radiation and 

Thermal Diffusion Impacts 

A. Shakila1, R. Vijayaragavan2 and S. Karthikeyan3,* 

1Research Scholar, Department of Mathematics, Thiruvalluvar University, Vellore,  

Tamilnadu-632115, India. 
2Professor, Department of Mathematics, Thiruvalluvar University, Vellore,  

Tamilnadu-632115, India. 
3,*Assistant Professor, Department of Mathematics, Loyola College, Tiruvannamalai,  

Tamilnadu-606754, India. 

 

Abstract : This study examines the influence of aligned angle and radiation on fluid flow in an infinite vertical 

plate submerged in a porous medium under steady magnetohydrodynamics (MHD) with thermal convection. 

The flow of a Casson fluid, representing an incompressible viscous fluid in an isotropic state, is analyzed using 

a physical equation. The governing partial differential equations are solved using a mathematical approach, 

and dimensionless equations for velocity, temperature, and concentration are derived using the perturbation 

technique. MATLAB-generated graphs illustrate the effects of various parameters, including Grashof number, 

modified Grashof number, magnetic parameter, Casson parameter, permeability parameter, aligned angle, 

Prandtl number, radiation parameter, heat absorption, Schmidt number, and chemical reaction. A comparative 

analysis with existing research is presented, including data on skin friction and Nusselt number, in a tabular 

format. This study's findings contribute to a better understanding of fluid dynamics in porous media and can be 

applied to optimize heat transfer processes in various engineering applications. 

Keywords: MHD, Casson fluid, Aligned angle, Radiation parameter and Soret effect. 

1. Introduction 

      All the fields of industrial science, food science, engineering, and mechanics study non-Newtonian fluids. 

One class of Casson fluids is non-Newtonian fluids. In particular, plastic goods are produced using plastic. 

Additionally, petroleum and crude oil are separated using these fluids. The yield shear stress is represented by 

the equation of strain, which is an elastic solid. For example, non-Newtonian materials such as milk, algae, 

tomatoes, shampoo, paint, and blood are used. 

The effect of chemical reactions on the concentration and temperature of absorption through a vertical plate with 

convection paste on a past magnetohydrodynamic wall [1]. Heat production and absorption in a Casson fluid 

flow in an infinite porous media on an unstable MHD vertical plate during radiative absorption in the presence 

of extremely accelerated convection [2]. Compressed flow near the sensor surface of a Maxwell fluid by 

penetrating radiation and chemical reactions [3]. Unsteady MHD fluid flow and radiative and soret effects of 

chemical reactions through a red porous plate in the presence of an obliquely oriented magnetic field [4]. Heat 

diffusion effects on previously unstable MHD exponentially accelerate free convective flow over a porous 

medium in a semi-infinite vertical plate [5]. The thermodynamic impact of thermal radiation and chemical 

reactions on radiative absorption and diffusion in unsteady MHD in an inclined porous plate [6]. The heat and 

mass transfer effects of slip in the presence of Kuvshinski fluid flow through an inclined, unstable MHD porous 

plate [7]. The use of diffusion thermo and heat dissipation effects on maximum well nanofluid flow through 

convective flow by nonlinear radiation of heat flow using MHD 3D mixing [8]. A vertical porous medium in 

MHD that allows free conduction via a plate at a heat source and radiation absorption [9]. The effects of a 

magnetic field applied in a stretching/shrinking sheet on the flow of a convected Maxwell fluid and the 

transmission of heat [10]. The rapid temperature change in MHD is caused by the mass distribution of a vertical 

plate embedded in a porous medium and the heat source's impact through a radiative absorber fluid [11]. The 

effects of thermal conductivity and convective flow via diffusion in a Maxwell nanofluid with MHD mixing in a 
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porous medium with vertical cones [12]. Chemical reactions via the passage of free convective radiation in a 

porous vertical plate in MHD [13]. Unstable MHD, soret, and radiation effects via Guvshinski fluid flow and 

chemical reactions via an angled porous plate [14]. The effects of Soret and chemical reactions on fluid flow for 

heat transfer in the presence of irregular MHD heat and radiation absorption in an infinite vertical plate [15]. A 

Newtonian fluid flows through thermodynamic flow over an inclined plate in unstable MHD. Dufour effects 

manifest as both chemical reactions and radiative absorption [16]. The impact of radiation on chemical reactions 

and the Soret effect in the presence of fluid flow slip in unstable MHD systems [17]. Heat radiation and transfer 

effects during NHD fluid flow via a fixed vertical plate with a fixed porous medium [18–19].  Thermal radiation 

flows through an accelerating vertical plate with a porous medium in steady MHD in the presence of a Casson 

fluid flow [20]. Solutions for Casson fluid flow in unsteady free convection across an oscillating vertical plate 

and a wall of constant temperature [21]. The effects of a chemical reaction in an unstable MHD-free convection 

flow embedded in a porous material with variable absorption [22]. Heat radiation forms at the surface as a result 

of heat transfer in high-speed micro stretching and Casson fluid flow [23]. Radiation as occurring in the 

presence of an exponentially extending magnetic field in a Casson fluid paste [24]. Slip effects with convection 

in the presence of an upward gradient in an elastic sheet boundary layer in a fluid flow enclosed in a porous 

medium in MHD [25]. The analysis of an exponentially stretched sheet with a Casson fluid flow in MHD [26]. 

High-speed fin plates in convective solutions and thermally unstable Casson fluid flow under boundary 

conditions and modeling [27]. Utilizing past gas flow and a DTM numerical probe on ultrafast variable thermal 

radiation in a stretched sheet was constructed [28]. Chemical reactions and heat diffusion in the study of Casson 

fluid flow using a porous plate under the influence of MHD [29]. Thermal and radiation diffusion via a vertical 

porous plate in the slip flow regime of an inhomogeneous MHD fluid flow with chemical reaction [30]. 

This paper focuses on the aligned angle and radiation in the magnetic field, where the parameters are defined 

using skin friction, the Nusselt number, and the Sherwood number, and the governing equations are solved 

analytically using the perturbation technique to find the dimensionless equations of velocity, temperature, and 

concentration. Execute the aforementioned parameters in sectors that are industry-specific. As an instance, 

several industries, including biomechanics, polymers, manufacturing, and medicine, use this fluid. 

 2. Basic Equations 

A magnetic field combined with an electric and incompressible viscous field can be used to find the Casson 

flow equation. 

The continuity equation 

                                           
. 0q∇ =                                                                                                                      

(1) 

Equation of momentum 

                

( ) 2.q q p J g q q
µ

ρ ρ µ
  ∇ = − ∇ + ⋅Β+ + ∇ −    ′Κ 

                                                                (2) 

The law of Ohm 

                              
( )J qσ  = Ε+ ⋅Β

                                                                                                                 
(3) 

The magnetism law of Gauss 

                                             
. 0∇ Β =                                                                                                                   (4) 

The energy formula 
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( ) ( ) ( )

2 2
2 2. . rPC q T T q q q Q T Tρ µ µ ∞

  ′ ′′ ′ ′ ′∇ = Κ∇ + ∇ − ∇ + ∇ − −
                                              

(5)   

Equation for the continuity of species 

                       

( ) ( )2 2. M T
M

M

D
q C D C K C C T

T
∞

Κ′′ ′ ′ ′ ′∇ = ∇ + − + ∇                                                           (6) 

3. Mathematical Formulation 

      The unstable two-dimensional model depicted in Figure.1 shows an incompressible viscous Casson 

nanofluid flowing across a vertical plate with a porous media. It transfers electricity through a porous material. 

The direction of the fluid flow's x  and y  axes is upward and normally, respectively. In an incline magnetic 

field, the fluid is moving. Its viscosity and heat conductivity are also constant. In a discontinuous magnetic field, 

the following formulas relate to radiation and incompressible viscous Casson fluid flow.  

 
Figure 1. Physical configuration. 

  A physical equation can be used to express the isotropic condition in an incompressible Casson fluid flow [30], 

               

 

                                                                                                               (7)          

 

      The decay rate ( ),i j is ij
e  and the critical value cπ of this product is given in equation. (7) ij

eπ =  is the 

product of the decay rateπ . 

In a non-Newtonian fluid, the yield stress is denoted as yΡ and the plastic dynamic viscosity as βµ . 

                                        

2
y

βµ π

γ
Ρ =                                                                                                               (8) 

,

,

,
2

2

.
2

y

ij c

ij

y

ij c

c

e

e

β

β

µ π π
π

τ

µ π π
π

 Ρ 
 + > 
  


= 

 Ρ + >   
 
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      When the shear stress is needed to progressively increase during Casson fluid flow and in some fluids at a 

steady state, the fluid is said to be rheopectic if it is maintained at a constant yield stress to preserve the strain 

ratio where c
π π>  

                                         2

y

βµ µ
π

Ρ
= +                                                                                                            (9) 

      The equation for kinematic viscosity can be obtained by substituting Equation (8) into Equation. (9). 

                                            
1

1
βµµ

ν
ρ ρ γ

 
= = + 

 
                                                                                             (10) 

Where 
2

c

y

βµ π
γ =

Ρ
is the Casson parameter in the case.  While γ → ∞ is a Newtonian fluid, it conceals the 

nature of non-Newtonian fluid. 

       Using forward flow equation, Obulesu Mopuri et al. [19] determined the equations regulating conservation 

under the aforementioned assumptions of particular momentum, energy, concentration and mass. 

0
y

υ′∂
=

′∂
                                                                                                                                                             (11) 

( ) ( )
22

20

2

1
1 sinT C

p

Bu u u
v g T T g C C u v

y y K

σ
υ β β δ

γ ρ
∞ ∞

′ ′ ′ ∂ ∂
′ ′ ′ ′ ′ ′= + + − + − − − ′ ′∂ ∂ 

                          (12) 

( )
2 22

20 1

2

1 1
1 r

p p p p p

Bq QT T v u
u T T

y C y C y C y C C

σ
υ

ρ γ ρ ρ ρ
∞

′′ ′ ′   ∂∂ Κ ∂ ∂
′ ′ ′ ′= + + − + − −  ′ ′ ′ ′∂ ∂ ∂ ∂  

                          (13) 

( )
2 2

12 2C

C C T
D K C C D

y y y
υ ∞

′ ′ ′∂ ∂ ∂
′ ′ ′= − − +

′ ′ ′∂ ∂ ∂
                                                                                             (14)

         

 

Levels of boundary relationships 

  

 

0, , , 0

0, 0, 0

W Wu T T C C at y

u T C at y

′ ′ ′ ′= = = =

′ ′ ′ ′→ → → → ∞
                                                                                 

(15) 

Equation.( 11) gives the equation of continuity using a function of time or constantυ′ .                                                    

( )0 1 n t
eυ υ ε ∗ ∗′′= − +                                                                                                      (16) 

      The suction velocity on the plate is denoted by 0υ′ > , a positive constant that signifies that the velocity 

absorbs the negative sign as it approaches the plateau. 

( )1
4rq

I T T
y

∞

′∂
′ ′ ′== −

′∂
                                                                                                      (17)                                       
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Originally, a nondimensional scale was employed by 
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                (18) 

 

The nondimensional governing equations (11)-(14) can be used to rewrite this process in dimensional form 

 
1

1
1 u u Gr Gm M uθ ϕ

γ

 
′′ ′+ + = − − + 

 
                                                                                                      (19) 

2 21
( ) Pr 1 PrPr F Q E u EMuθ θ θ

γ

 
′′ ′ ′+ − + = − + − 

 
                                                                           (20 

0o
Sc ScK S Scϕ ϕ ϕ θ′′ ′ ′′+ − = −                                                                                                                     (21) 

Where 
2

1

1
sinM M

K
δ= +

  

 

Dimensional form of boundary conditions 

0, 1, 1, 0

0, 0, 0

u T C at y

u T C at y

= = = =

→ → → → ∞
                                                                                                       (22) 

 4. Solution of the Problem 

The velocity, temperature and concentration dimensionless forms of the ordinary differential equations (19)–

(21) were solved. Additionally, it can be applied to analytically resolve partial differential equation problems in 

closed form, using a collection of 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 1

0 1

0 1

, ,

, ,

, .

mt

mt

mt

u y t u y u y e

y t y y e

y t y y e

ε

θ θ εθ

φ φ εφ

= +

= +

= +

                                                                                                                     (23) 
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4.1 Zero order terms 

 

0 0 0 0 1 0

1
1 u u Gr Gm M uθ ϕ

γ

 
′′ ′+ + = − − + 

 
                                                                             (24)  

0 0 0( ) 0Pr F Qθ θ θ′′ ′+ − + =                                                                                                                             (25)                                              

0 0 0 0 0o
Sc ScK S Scϕ ϕ ϕ θ′′ ′ ′′+ − = −

                                                                                                                  (26)         
 

 

 

 4.2 First order terms 

1 1 1 1 1 1

1
1 u u Gr Gm M uθ ϕ

γ

 
′′ ′+ + = − − + 

 
                                                                (27) 

2 2

1 1 1 0 0

1
( ) 1Pr F Q Pr u PrMuθ θ θ

γ

 
′′ ′ ′+ − + = − + − 

 
                                                                                   (28)   

1 1 1 0 1o
Sc ScK S Scϕ ϕ ϕ θ′′ ′ ′′+ − = −                                                                                                                     (29)                         

                                     

The matching limits conditions are 

0 1 0 1 0 1

0 1 0 1 0 1

0, 0, 1, 0, 1, 0 0

0, 0, 0, 0, 0, 0

u u at y

u u at y

θ θ φ φ

θ θ φ φ

= = = = = = =

→ → → → → → → ∞
                                                             (30) 

The temperature, concentration and velocity boundary conditions are given below.  Equations (23)–(29) can be 

solved by substituting equation (30).   

31 2 1 2 1

3 3 32 1 2

2

3 4 5 33 34 35

22

36 37 38 39 40 41

[Z

]

w yw y w y w y w y w y

w y y w yw y y y

u Z e Z e Z e e Z e Z e

Z e Z e Z e Z e Z e Z e
αα α

ε−− − − − −

− − −− − −

= − + + + +

+ + + + + +
                                             (31) 

31 1 2 1 2

3 1

22 2

18 19 20 21 22

23 24

[Z

]

w yw y w y w y y y

y w y

e e Z e Z e Z e Z e

Z e Z e

α α

α

θ ε −− − − − −

− −

= + + + + +

+ +
                                                     

(32) 

31 2 1 1 2

31 2 2

22 2

1 2 25 26 27 28

29 30 31 32

[Z

]

w yw y w y w y w y w y

yy y w y

Z e Z e e Z e Z e Z e

Z e Z e Z e Z e
αα α

ϕ ε −− − − − −

−− − −

= − + + + + +

+ + + +
                                              

(33) 

4.3 Skin friction 

       Skin friction is generated in a nondimensional form by the relation. 

                                               0y

u

y
τ

=

 ∂
= 

∂ 
 

1 3 2 4 3 5 1 33 2 34 1 35 2 36

3 37 1 38 2 39 3 40 3 41

[ ] [w 2 2

2 ]

w Z w Z w Z Z w Z w Z w Z

w Z Z Z Z w Z

τ ε

α α α

= − + − + − − −

− − − − −
                                                     (34) 
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4.4 Rate of heat transfer 

       The nondimensional Nusselt number can be utilized to compute the heat transfer coefficient's rate as 

                                        0y

Nu
y

θ

=

 ∂
= − 

∂ 
 

1 1 24 1 18 2 19 3 20 1 21 2 22 3 23[w 2 2 2 ]Nu w Z w Z w Z w Z Z Z Zε α α α= + + + + + + +                                       (35) 

 

 4.5 Rate of mass transfer 

The mass transfer coefficient's rate can be calculated using the nondimensional Sherwood number as 

                                         0y

Sh
y

ϕ

=

 ∂
= − 

∂ 
         

2 2 1 1 1 25 1 26 2 27 3 28 1 29 2 30 3 31 2 32
[w ] [w 2 2 2 ]Sh Z w Z Z w Z w Z w Z Z Z Z w Zε α α α= − + + + + + + + +  (36) 

 5. Results and Discussion 

The previously mentioned analytical results are clearly shown in the set Figure (2) – (12) by using the 

perturbation approach to numerically analyses the results through MATLAB. The surface heat force and the 

boundary layer hydrodynamic force are compared. The effects of temperature, concentration, and velocity 

profiles are extracted using standard physical parameters. As the vertical plate fluid absorption parameter 

increases, the velocity, temperature, and concentration level become visible. Charts display their parameters. 

The Casson fluid ( )γ , Grashof number ( )Gr ,  alignment angle ( )δ , permeability parameter ( )K , modified 

Grashof number ( )Gm , heat absorption ( )Q ,  radiation parameter ( )F , Prandtl number (Pr) , Schmidt 

number ( )Sc , and chemical reaction ( )
o

K  and the outcomes. We discuss some of the important flow 

properties of the model under the assumption that Pr 7,= 0.5,γ = 2,M = ,
3

π
δ = 5,Gr = 5,Gm =

0.22,Sc = 0
1,K =

0
1,S = 1,F = 1K = and 1Q =  are fixed. 

Figure (2) indicates that the liquid absorption rate increases in tandem with an increase in the Casson 

parameters. The velocity of the hydrodynamic force increases in graphs (3) and (4) Gr  and Gm  in proportion 

to the increase in the thermal force parameter. Diagram (5) shows how the fluid's flow is impeded by the 

Lorentz force, which causes the velocity to drop as the magnetic parameter increases. The hydrodynamic force 

in the boundary layer causes the velocity to increase in graphs (6) and (7).   

 

Journal of Engineering and Technology Management 73 (2024)

Page No: 638



  

 

Figure 2. Impact of velocity profile at various γ  values. 

 

Figure 3. Impact of velocity profile at various Gr values. 
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Figure 4. Impact of velocity profile at various Gm values. 

 

Figure 5. Impact of velocity profile at various M values. 
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Figure 6. Impact of velocity profile at various K values. 

 

Figure 7. Impact of velocity profile at various δ values. 

Figures (8) through (10) of the findings display the thermal profiles. When the fluid in the boundary layer on the 

surface of the vertical plate is heated, the absorption level falls as the various parameters of Pr, F and Q  

increases.  So, o
K  and Sc both have greater parameters. On graphs (11)–(12) however, the concentration 

gradually drops. 
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Figure 8. Impact of temperature profile at various Pr values.  

        

Figure 9. Impact of temperature profile at various F values.  
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Figure 10. Impact of temperature profile at various Q values.  

 

Figure 11. Impact of temperature profile at various Sc values.  
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Figure 12. Impact of temperature profile at various
o

K values.  

     Using skin friction coefficients, Table-1 shows the velocity profiles. The Grashof number (Gr) is used for 

heat transmission.  The mass transfer coefficient (Gm) increases when the Casson parameter ( γ ), the 

permeability parameter (K)  and the magnetic parameter (M)  are taken into consideration.  Under the Self 

Profiles in Table-2, the Nusselt number, heat absorption parameter (Q)  and Radiation Parameter ( F ) are 

shown.  The accurate numerical results achieved with the perturbation technique are most clearly shown in 

Table-2, when compared to the preceding analytical results by Obulesu Mopuri et al. [19]. 

 

 

Table 1. The Skin friction properties by Obulesu Mopuri et al. [19] the  ,Gm M, K  values were 

compared with the present values in all studies. 

Gm  M  K  Obulesu Mopuri et al. [19] Present Result 

5   5.6751 5.5625 

10   10.2210 10.4916 

15   14.7317  14.4207 

 2  5.6751  5.5625 

 3  4.9709  4.9619 

 4  4.4962  4.4614 

  2 6.2316  6.2126 

  3 6.4633  6.3846 

  4 6.5907  6.4966 

 

Table 2. The Nusselt number F and Q values are compared with the values in the studies by                   

Obulesu  Mopuri et al. [19]. 

F  Q  Obulesu Mopuri et al. [19] Present Result 

4  6.7311  6.6533 

6  7.0466  7.0465 
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 3 6.5589  6.5311 

 5 6.8932  6.8720 

 6 7.0466  7.0475 

 

6. Conclusion 

In this study, convection in a porous media that absorbs Casson fluid flow yields the perfect solutions for the 

aligned angle and radiation in an infinite vertical plate. The partial differential equation is used analytically in a 

closed form perturbation technique to graph the effects of velocity, temperature and concentration on the 

profiles. 

 

Below are some noteworthy findings.       

 

• The absorption velocity on the plate increases in tandem with the increases in ,Gr ,Gm K  and .δ  

The liquid's absorption velocity fall as γ and M parameters rise. 

• The temperature of the heated liquid in the vertical plate falls with an increase in ,P F and .Q  

• As Sc  and o
K  values increase, concentration correspondingly falls. 

• In Table-1, the skin friction coefficient results for the parameters ,Gm M  and K  are compared to 

the current result. 

• Table -2 compares the recent Nusselt number result with F and Q  results. 
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