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Abstract  

 

This paper aims to described unsteady free convection flow with Casson fluid through an inclined 

permeable stretched surface. In the presence of viscous dissipation, heat generation or absorption, 

transfer  of thermal radiation and mass are studied., The governing equations are transformed to the 

non-linear differential equation using the similarity approaches.  Perturbation approach is applied to 

solve the resulting equations. Outcomes of the velocity field, temperature profile and concentration 

field are discussed through graphs. 
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Introduction 

 

Pioneering the fluid flow of non-

Newtonian model through a stretching sheet has 

wide range of industrial applications. Example of 

non-Newtonian fluids is slurries, quick sand, 

biological fluids, polymer solutions and paints.  

 

Mukhopadhyay et.al., (2013) investigated 

numerical result of prescribed surface 

temperature and Casson fluid through a stretched 

surface.   (Nadeem et.al., 2013) discussed Casson 

fluid embedded in a MHD permeable surface of 

linear stretched area. (Manhanta and Shaw, 2015) 

analyzed boundary layer three-dimensional MHD 
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electrical conducting Casson fluid towards a linear 

permeable stretching medium with convective 

condition and heat radiation. (Raju et.al., 2016) 

scrutinized the outcome of radiation, viscous 

dissipation, magnified heat source with chemical 

rate reaction past an exponentially stretched 

medium of MHD Casson fluid and also compared 

the results with Newtonian fluid. Imran (ullah 

et.al., 2014) reviewed Casson fluid along MHD 

saturated stretching of nonlinear channel with slip 

condition, free convection and Newtonian 

heating. 

 

(Eswara Rao, 2017) examined numerical 

study of Casson fluid towards an inclined 

exponential stretching medium with Brownian 

motion, thermophoresis effect, heat radiation and 

chemical rate reaction. Assessed MHD boundary 

layer entropy generation along a impermeable 

inclined stretched channel in the occurence of 

mixed convection, viscous heating and non-

isothermal condition. Srinivasa raju et.al., (2017) 

examined magnetohydrodynamic optically thick 

Casson fluid through the inclined vertical surface 

including natural  convection,  radiation  and  

mass  transfer by applying finite element 

procedure. (Manjula and Chandra Sekhar, 2020) 

investigated natural convective flow of Casson 

fluid over a permeable inclined surface existing of 

viscous dissipation, heat radiation and magnetic 

induction. (Pavan kumar et.al., 2021) discussed 

electrical conducting Casson fluid towards an 

oscillating inclined porous medium with free 

convection, Soret effect, thermal diffusion, heat 

absorption, radiation and mass transfer.(Tabaei 

et.al., 2011]  exhibited  magnetohydrodynamic  

free  convective electrically conducting viscous 

fluid flow embedded in stretched sheet by the 

outcome of Hall effect and chemical rate reaction 

by applying homotopy method. Interpreted the 

analysis of MHD steady state electrically fluid 

flow through an inclined stretched sheet under the 

impact of Hall effect, heat radiation and mass 

transport. (Ali and Alam, 2014) discussed the 

numerical approach of MHD two dimensional 

electrically conducting flow with Hall effect, 

generation of heat, Soret and Dufour effects 

towards the vertical permeable stretching sheet. 

(Bilal Ashraf et.al., 2017) scrutinized flow of 

Casson model  on a stretched surface  in the 

impact of Hall effect, mixed convection, heat 

radiation and mass transfer.  (Shateyi  et.al., 2017)  

exhibited free convective Casson fluid along a 

stretched permeable channel considering the 

magnetic field, viscous dissipation, radiation and 

mass transfer utilized by Runge Kutta Fehlberg 

method. 

 

The outcome of Hall current, free 

convection flow, thermal radiation, viscous 

dissipation, heat generation/absorption and 

chemical reaction through an inclined stretching 

surface with the angle of inclination α is studied in 

this paper. Perturbation method is used to study the 

flow model. The graphs are presented for velocity, 

thermal profile and concentration distribution by 

using Mathematica software. 

 

Mathematical formulation 

 

We consider an unsteady  three dimensional 

Casson fluid flow past a stretching inclined surface 

in the presence of Hall effects, free convection, 

thermal radiation, viscous dissipation, heat 

generation or absorption and rate of chemical 

reaction. It is assumed that x-axis parallel to the 

sheet surface and z-axis taken transverse of the 

xy-plane. The magnetic induction  B(t) is applied 

vertical direction to the flow field. The presence of 

Hall effect creates a three dimensional flow by 

generating a force along z-axis which creates a 

counterflow in that path.   ( )  
  

    
 is the flow 

rate of stretched sheet. Sheet temperature and 

concentration is defined by    and    following 

from        (
  

(    ) 
),        (

  

(    ) 
), 

where c is constant with c=0 for forced convection. 

 

The modified generalized Ohm’s law, which 

takes into account Hall current described by 
 

  (       )   (   )   (     )                    ( ) 
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Where    (        ) ,    (      )    
(     )   (        ) ,        and σ define 

components of current density vector, vector 

component of magnetic field,  velocity components,  

vector component of magnetic field, velocity 

components, vector component of electric field, 

cyclotron frequency, electron collision time and 

electric conductivity. Hall current are stimulated in 

the existence of large magnetic field. The Lorentz 

force J × B   induces the Hall effect. The flow will 

turns two dimension when Hall current cause when 

secondary flow.    Constant is the outcome of the 

conservation of electric              everywhere 

in the flow because the magnetic sheet’s surface is 

electrically insulating. Furthermore, when there is no 

voltage applied.  The electric field vanishes, resulting 

in E=0. The current primary and secondary current 

density components are used. From the above 

equation we get  

 

              
     

    (    )                     (2) 

 

                  
     

    
(    )               (3) 

  For an incompressible Casson fluid, the isotropic 

rheological equation is denoted as, (Mustafa, et.al., 

2011) 

 

    

{
 
 

 
 (

     

√  
)              

(
     

√   

)           
                            ( ) 

where µB , Py , π = eijeij and πc are defined 

the plastic dynamic viscosity, yield stress, rate of 

product deformation of (i, j)th component, critical 

value. 

 

Fig. 1: Physical configuration of the model. 

Governing equations of the   present model are 

                 
  

  
 

  

  
 

  

  
                                   ( ) 

 

  

  
  

  

  
  

  

  
  

  

  
  (  

 

 
)
   

   
    (    )        (    )     
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 (    )
(    )                               ( ) 
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   (    )                                                      ( ) 

here u, v and  w  indicates velocity over the 

direction   x, y and z. t  refers time, ν 

kinematic viscosity,    denotes Casson fluid 

parameter, g defines acceleration gravity, α 

indicates angle of inclination,    denotes 

permeability, σ  describes electrical 

conductivity, m defines Hall current term, T 

represents temperature,   denotes thermal 

conductivity, cp is specific heat, qr denotes 

heat flux,   fluid viscosity, C concentration, 

D diffusivity, K0 chemical reaction  

parameter  Variable magnectic field is 

denoted by  ( )  
 

√    
  where β and   

are constants. 

The corresponding boundary conditions are 

represented by, 

                                          
                              

                         
     }                                               (  ) 

qr denotes approximated Rosseland 

raditive heat flux is represented as                 ( 

Turkyilmazoglu, 2011) 

               
   

   

   

  
                        (  ) 

here σ  and k  indicates constant of Stefan’s 

and absorption of mean coefficient. 

Extending the T 
4
 in expansion of Taylor 

series over T∞ and omitting the higher 

terms we get, 

                 
      

                 (  ) 

substituting the eqn(12) in eqn(11) we get, 

    
    (   

      
 )

      
          

    
    

 

   
   
  

  
                       (  ) 

applying equation(13) in equation(8) we get,

  

  
  

  

  
   

  

  
  

  

  
  

 

   
(  

      
 

    
)
   

   
 

                                                                                        
 

  
(  

 

 
) (

  

  
)
 

 
 

   
(    )       (  ) 

The following non-dimensional similarity  

transformation are introduced by, 

                                        
  

  
     

 ( )    √
  

     
( )   

  
     

( ) 

  
 

 (    )
   ( )  

    
     

  ( )  
    

     }
 

 

                              (  ) 
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where, the similarity parameter η and f (η ), 

 (η) are the dimensionless variables. Now 

substituting Eq.(15) in Eqs.(6), (7), (14) 

and Eq.(9), the governing equations 

become 

          

  (  
 

 
)      

 

 
               (   )             

                                                     
 

(    )
(     )                                                   (  ) 

                            (  
 

 
)     

 

 
              

 

(    )
(    )                                     (  ) 

 

                                            (   )θ’’+Pr( 
 

 
  )θ’+Ec(  

 

 
)                                                    (  )        

                                  

                                           ( 
 

 
        )                                                                      (  ) 

the modified boundary conditions are: 

                               
   ( )     ( )   ( )     ( )     ( )          

  ( )     ( )     ( )     ( )          
}                     (  ) 

where A, M, m, K, Gr, Gc, R, Pr, Ec, λ, Sc 

and   are defined as unsteadiness 

parameter, magnetic field parameter, Hall 

effect term, porosity parameter, Grashof 

number, locally modified Grashof number, 

radiation parameter, Prandtl number, 

Eckert number, heat generation/absorption 

term, Schmidth number and chemical 

reaction term. 

The above dimensionless parameter denoted as  

 

A 
 

 
, M 

   

  
   

 (    )

   
    

   (     )

   
(    ) ,  Gc 

   (     )

   
(    ) , 

  
      

 

         
   

 
      

 (     )

 
    

  (    )

  
      

 

 
,    

  (    )

 
. 

 

Method of solution 

The modified flow equations are resolved by Perturbation technique 

                                   

 ( )    ( )     ( )      ( )   

  ( )    ( )     ( )      ( )   

 ( )    ( )     ( )      ( )   

 ( )    ( )     ( )      ( )   }
 
 

 
 

                                                (  ) 
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substituting the the eqn.(21) into eqns.(16) to (19), omitting the higher order terms. we get,  

Base part: 

                            (  
 

 
)   

   
+ 

 

 
  

       
     

  (   )  
           

                                                                       
 

(    )
(  

     )                          (  ) 

                          (  
 

 
)   
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Perturbed part: 

(  
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+  
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(      )                    (  ) 
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)   

     
             (  ) 

                                       
     ( 

 

 
  

      
      

     )                                                 (  ) 

Base part boundary condition: 

                                 
  

                              

  
                         

}                                 (  ) 

Perturbed part boundary condition: 

                                 
  

                              

  
                         

}                                 (  ) 

The above base and perturbed part 

equations are solved subject to the 

boundary condition (30) and (31). Graphs 

are drawn for velocity distribution, 

temperature profile and concentration 

distribution employing by Mathematica 

software. 
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Result and discussion 

The outcome of Casson fluid parameter, 

unsteadiness parameter, porous parameter, Grashof 

number, locally modified Grashof number, 

magnetic parameter, Hall current parameter over 

velocity field f(η) are analyzed in the figures 2-

8. The outcome of Casson fluid parameter is 

displayed in figure 2 which describes velocity field 

increase with increments of  .  The impact of 

raising cases of unsteady parameter A is to 

increases the velocity field in figure 3. Velocity 

distribution f (η) increases for various cases of 

porosity parameter which represented in the 

figure 4. The increasing cases of Grashof number 

leads increases the velocity field which displayed 

in figure 5. The raising values of locally modified 

Grashof number on velocity profile increases 

which shows in figure 6. The result of increment 

values of magnetic parameter and Hall current 

term over velocity raised in figure 7 and 8. 

 

The outcome of Casson fluid, unsteady 

parameter, magnetic parameter, Hall current term 

over velocity profile h(η) are demonstrated in the 

figure 9-12. The figure 9 demonstrates the result 

of   on velocity profile h(η) which is parabolic in 

nature with raising values of  . The figure 10 

exhibits the outcome of A on h(η) which 

increasing and decreasing with raising values of 

A. The figure 11 represents the result of magnetic 

parameter over velocity that indicates h(η) 

increases and decreases with raising values of M. 

The figure 12 shows the outcome of m on h(η) 

which leads velocity falling with raising values of 

m. 

The result of Casson fluid parameter, 

unsteady parameter, radiation parameter, Prandtl 

number, Eckert number, heat 

absorption/generation parameter on temperature 

distribution demonstrated in the figures 13-18. 

Figure 13 display the result of Casson fluid 

parameter over temperature distribution that 

represents  ( ) reduced with enhancing cases of 

 . The effect of unsteady parameter over 

temperature field  ( ) falling with extending of A 

which displayed in the figure 14. The outcome of 

radiation parameter over temperature field 

indicates  ( )  reduced with raising cases of R 

which exhibited in the figure 15. Figure 16 

illustrates the result of Prandtl number over 

temperature distribution  ( ) which defines  ( ) 

falling with raising values of Pr . Figure 17 and 

Figure 18 displays the effect of Eckert number 

and heat absorption/generation parameter which 

describes the temperature  field reduced with both 

increasing cases of Ec and λ . 

 

The figure 19-21 represents the result of 

concentration profile over unsteady parameter, 

Schmidth number and chemical reaction 

parameter. The outcome of unsteady parameter on 

concentration distribution displayed in figure 19 

which shows that  ( ) reduced with variation of 

A . Figure 20 and 21 shows the outcome of 

Schmidth number and chemical reaction parameter 

over concentration profile which demonstrates 

 ( ) falling with various values of Sc and γ .  

 

Conclusion 

 

The study of Casson fluid flow over inclined 

stretching surface with Hall current and viscous 

dissipation plays a important role on flow has high 

viscosity such as oil and polymers. 

 

Fig. 2: Outcome of Casson fluid parameter   on 

velocity field f (η). 
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Fig. 3: Outcome of unsteady term A on velocity 

distribution f (η). 

 

 

Fig. 4: Result of porosity parameter K  over 

velocity field  f (η) . 

 

Fig. 5: Outcome of Grashof number Gr  on 

velocity distribution  f (η) 

 

 

 Fig. 6: Impact of modified Grashof number Gc on 

velocity distribution f (η). 

 

 

Fig. 7: Result of Magnetic parameter M  

over velocity distribution (f (η) . 

 
 

  Fig. 8: Influence of Hall current term  m  over 

velocity distribution f (η) . 
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Fig. 9: Variation of Casson fluid parameter   over 

velocity distribution h(η) . 

Fig. 10: Result of unsteady parameter A on velocity 
distribution h(η) . 

Fig. 11: Outcome of magnetic parameter  M  on 

velocity distribution h(η) . 

 

 

Fig.12: Influence of Hall current term m on 

velocity distribution h(η) . 

 

Fig. 13: Outcome of casson fluid parameter   

 

Fig. 14: Consequence of funsteady term A over 

temperature distribution ( ) 
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Fig. 15: Influence of radiation parameter R over 

temperature distribution ( ) . 

 

Fig. 16: Influence of Prandtl number Pr on 

temperature distribution  ( ) . 

 

Fig. 17: Outcome of Eckert number Ec over 

temperature distribution ( ) . 

 

Fig. 18: Result of heat absorption/Generation 

parameter 

  on temperature distribution  ( ) . 

 Fig. 19: Variation of unsteady parameter A over 

concentration ( ). 

 

Fig. 20: Outcome of Schmidth number Sc on 

distribution  ( ) 
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Fig. 21: Impact  of  chemical  reaction  term γ

 on concentration distribution  ( ) 
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