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Abstract 

The main objective of this study is to investigate the effects of the Casson fluid parameter 

on an incompressible, magnetohydrodynamic boundary layer flow of a Casson fluid past a 

moving porous inclined plate in the presence of heat source and first-order chemical 

reaction. The governing partial differential equations are converted into ordinary differential 

equations using similarity transformation and then are solved numerically, adopting bv4pc 

method. The effects of relevant parameters on the velocity, temperature and concentration 

profiles are analyzed graphically. Also, tabular form is used to present skin friction, heat 

transfer and mass transfer. This investigation reveals that the Casson fluid parameter 

enhances the fluid velocity, skin friction and Sherwood number, while the Nusselt number 

decreases. 
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1.   Introduction 

The heat and mass transfer of boundary layer flow with magnetohydrodynamic is of great 

theoretical interest because it has been applied in the engineering and chemical industry. 

The study of boundary layer flow over a continuous solid surface moving with constant 

speed was initiated by Sakiadis [1]. Raptis [2] studied the thermal radiation effect in a 

steady free convective flow in a porous medium bounded by a vertical infinite porous 

plate. Chamkha [3] studied the effect of heat source on MHD free convective flow in a 

vertical stretching surface. Makinde [4] studied the problem of free convection boundary 

layer flow with heat and mass transfer past a moving vertical permeable plate. Choudhury 

and Das [5] studied the problem of hydromagnetic convective flow of a visco-elastic fluid 

over a continuously moving vertical surface in the presence of uniform suction. 

Gangadhar and Reddy [6] analyzed the Newtonian fluid flow of MHD boundary layer 

flow in a moving vertical plate with suction.  Das [7] presented the effects of visco-elastic 

parameter of a visco-elastic, electrically conducting fluid through a vertical plate.  
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 In several cases of simultaneous heat and mass transfer problems, the Soret and 

Dufour effects cannot be neglected [8]. Many authors have studied the effects of Soret and 

Dufour in various flow problems [9-15].  

The study of the characteristic of non-Newtonian fluid with the porous medium is 

prevalent in many natural phenomena and polymer industries.  The potential applications 

of such fluids exist in metallurgy, different nutrition process, penetrating process, and 

bioengineering maneuver [16]. One of the important non-Newtonian fluids that have been 

studied by many researchers is Casson fluid (e.g., tomato, honey, jelly, human blood, etc.) 

which shows shear thinning behavior. Casson [17] in 1959 initiated the study of Casson 

fluid behavior.   The flow characteristics of Casson fluid have been developed by several 

authors [18-27].  

 The present paper extends the works of Gangadhar and Reddy [6] to Casson fluid, 

incorporating the impact of heat source parameter, Soret and Dufour effects on the 

magnetohydrodynamic boundary layer flow of Casson fluid past a moving inclined plate. 

MATLAB bvp4c method is used to obtain the solution. It is observed that the obtained 

results in the absence of Casson parameter, chemical reaction parameter, heat source 

parameter, Soret and Dufour effects are agreed with that of Gangadhar and Reddy [6]. 

 

2. Mathematical Formulation 

 

Consider a steady two-dimensional magnetohydrodynamic boundary layer flow of Casson 

fluid with heat and mass transfer over a continuously moving porous inclined plate in the 

presence of heat source and first-order chemical reaction. The effects of Soret and Dufour 

are taken into consideration. All the fluid properties are assumed to be constant except for 

the density variations in the buoyancy force term of the momentum equation. Here,  -axis 

is considered along the direction of the plate, and  -axis is perpendicular to it (Fig. 1). A 

uniform magnetic field of strength   is applied normal to the plate, and it is assumed that 

the induced magnetic field is negligible. Under these assumptions, the governing 

equations describing the flow [6,20] are  

 
  

  
 

  

  
                                                                                                     (1)                                                                                                                 

 
  

  
  

  

  
  (  

 

 
)

   

                               

 

   
  

   
 

 
          (2)                                               

 
  

  
  

  

  
 

 

   

   

    
  

   
       

    

    

   

                                         (3)             

 
  

  
  

  

  
   

   

      
        

    

  

   

   ,                          (4)                                             

with boundary conditions [6], 
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                                  at   ;            (5)                       

                 as    ,                                           (6)                                                                                                                   

where   Casson fluid parameter   is the inclination of the plate with vertical and   is rate 

of heat source,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Physical diagram. 

 

A similarity solution of the equations (2)-(4) are obtained by introducing the following 

dimensionless functions  
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with the stream function        defined as   
  

  
    

  

  
, so that the equation (1) is 

satisfied.   

Using (7), the equations (2)-(4) reduces to the following dimensionless equations 
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with the boundary conditions 
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Where the symbol prime     denotes derivative with respect to      
         

   
 thermal 

Grashof number,    
          

   
 is Grashof number for mass transfer,   
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Hartmann number,   
 

    
is permeability parameter,   

   

   
is local heat source 

parameter,   
  

 

  
 is local chemical reaction parameter,    

   

 
 is Prandtl number, 
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 is Schmidt number,    

           

          
 is Soret number,    

           

            
is 

Dufour number,     
  

√  
is suction velocity. 

 

3. Method of Solution 
 

The equations (8)-(10) are coupled non-linear ordinary differential equations, and so their 

solution in closed form is not possible. To solve them, we convert the equations into first-

order differential equations with the help of the substitution 

      
      

           
           

     

With the help of the above substitution, the equations (8)-(10) together with boundary 

conditions (11)-(12), we get 

(  
 

 
)   
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with  

                                                                 (16) 

                                                                           (17) 

The above differential equations (13)-(15) are solved numerically under boundary 

conditions (16)-(17) by using bvp4c method of MATLAB. 

 

4. Results and Discussion 

 

The following value of the parameters are considered for numerical calculation 

                                               ,      ,   

                          unless otherwise stated.  

 It is worth mention here that by setting                      , the 

velocity profiles are compared with the work of Gangadhar and Reddy [6] and are found 

in good agreement.  

 Figs. 2-6 represent the effect of the Casson fluid parameter , Hartmann number , 

chemical reaction parameter   , heat source parameter  , and Dufour/ Soret    

  number on velocity profiles, respectively. The fluid velocity is highest at the inclined 

moving surface and gradually decreases to 0, far away from the plate. From Fig. 2, it is 

seen that the velocity of the fluid increases with the increasing values of the Casson fluid 

parameter for     to     through    . Fig. 3 depicts that an increase in Hartmann 

number decreases the fluid velocity because the Lorentz force acts against the flow as the 

magnetic field is applied in the normal direction. Fig. 4 show that an increase in chemical 

reaction parameter reduces the fluid velocity. From Fig. 5, it is observed that the fluid 

velocity increase with increasing values of the heat source parameter. Assuming the 

product of the Dufour number and Soret number maintain a constant number     , we 
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observe from Fig. 6 that increasing values of Dufour number (or decreasing Soret number) 

decreases the velocity of the fluid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Variation of velocity profile due to  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Variation of velocity profile due to  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Variation of velocity profile due to   . 
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Fig. 5. Variation of velocity profile due to  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6. Variation of velocity profile due to          . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7. Variation of velocity profile due to  . 
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Fig. 8. Variation of temperature profile due to    . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Variation of concentration profile due to   . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 10. Variation of concentration profile due to  . 
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 The effects of the heat source parameter    and Prandtl number      on temperature 

profiles are presented in Figs. 7-8, respectively. From the Figs., it is observed that the 

temperature of the fluid increases with the increasing values of the heat source parameter, 

while it decreases with an increasing value of Prandtl number. 

 The effects of the chemical reaction parameter      and heat source parameter     on 

temperature profiles are presented in Figs. 9-10, respectively. From the Figs., it is 

observed that the concentration profile increases with an increasing value of the chemical 

reaction parameter, while it decreases with an increasing value of the heat source 

parameter. 

 
Table 1. Computational values of the skin friction         , Nusselt 

number         , and Sherwood number         . 
 

                               
0.72 0.5 0.2 1 0.0273 0.3112 0.6165 

1.0 0.5 0.2 1 0.0741 0.4232 0.6071 

1.5 0.5 0.2 1 0.1584 0.5146 0.5845 

0.72 0 0.2 1 0.0128 0.2745 0.6436 

0.72 0.5 0.2 1 0.0273 0.3112 0.6165 

0.72 8 0.2 1 0.0782 0.4902 0.5972 

0.72 0.5 0 1 0.0765 0.5238 0.5612 

0.72 0.5 0.2 1 0.0273 0.3112 0.6165 

0.72 0.5 0.4 1 0.0094 0.2926 0.8257 

0.72 0.5 0.2 1 0.0273 0.3112 0.6165 

0.72 0.5 0.2 3 0.0182 0.3856 0.6096 

0.72 0.5 0.2 5 0.0105 0.4326 0.5744 

 

 From Table 1, it is seen that the values of skin friction increase with the increasing 

values of Prandtl number, chemical reaction parameter, but reverse effect is observed with 

heat source parameter and Casson fluid parameter. The values of the Nusselt number 

increase with an increasing value of Prandtl number, chemical reaction parameter, and 

Casson fluid parameter, but it decreases for an increasing value of heat source parameter. 

Also, it is observed that the values of the Sherwood number decrease with an increasing 

value of Prandtl number, chemical reaction parameter and Casson fluid parameter, while it 

increases with an increasing value of heat source parameter and Hartmann number. 

 

5. Conclusion 

 

The above study leads to the following conclusion: 

1. Casson fluid parameter and heat source parameter enhance the velocity of the fluid in 

the boundary layer, while Prandtl number, Hartmann number, chemical reaction 

parameter and Dufour number reduces the velocity of the fluid.  

2. The temperature of the fluid in the boundary layer increases with the increasing 

values of the heat source parameter, but it reduces when the Prandtl number 

increases.  
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3. Concentration profiles increase with the increasing values of Prandtl number, whereas 

it decreases with an increasing value of heat source parameter.  

4. Casson fluid parameter and heat source parameter reduce skin friction, while Prandtl 

number and chemical reaction parameter enhance the skin friction.  

5. Heat transfer coefficient profile can be increased by increasing Casson fluid 

parameter, Prandtl number and chemical reaction parameter, while heat source 

parameter helps to down. 

6. The rate of mass transfer can be increased by increasing Casson fluid parameter, 

Prandtl number, and chemical reaction parameter.   

 

Nomenclature 

 

  stratification rate of the gradient of ambient temperature profile   

  stratification rate of the gradient of ambient concentration profile 

   strength of applied magnetic field  

  concentration 

   specific heat at constant pressure 

   concentration susceptibility 

   mass diffusivity 

   Dufour number 

   suction velocity 

        skin friction 

  gravitational acceleration 

   Grashof number for mass transfer 

   thermal Grashof number 

  Hartmann number 

  dimensionless permeability parameter 

   dimensional permeability parameter 

   chemical reaction parameter 

  
  rate of chemical reaction 

   thermal diffusion ratio 

    Prandtl number 

  heat source parameter 

   rate heat source parameter 

   Schmidt number 

   Soret number 

   temperature 

  fluid velocity along   axis 

   a constant 

  fluid velocity along   axis 

   a constant 
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Greek letters 

 

  inclination of the plate with vertical 

  coefficient of heat transfer 

   coefficient of mass transfer 

  Casson fluid parameter 

  similarity variable 

  non-dimensional temperature 

        Nusselt number 

  thermal conductivity 

  density 

  electrical conductivity 

   kinematic viscosity  

  non-dimensional concentration 

        Sherwood number 

 

Subscript 

 

  surface value 

  far away value from the plate 
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