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Abstract: In this article, we examine the concurrent impact of magnetic field, thermal 

radiation, buoyancy force, viscous dissipation and chemical reaction on Casson fluid flow, 

over a permeable stretching. The nonlinear model equations are obtained and transformed 

into a system of ordinary differential equations (ODE). Using shooting technique along with 

6
th

 order Runge-Kutta iteration scheme, the model problem is tackled numerically. The effect 

of various embedded parameters on the velocity, temperature and concentration distributions 

are explained graphically while the skin friction coefficient, Nusselt number and Sherwood 

number are analysed and given in tabular form. 
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Introduction   

In recent years, the study of Casson fluid flow, heat and mass transfer over a porous 

stretching surface in two-dimensional (2-D) boundary layers has brought considerable 

attention to this. These situations occur in processes in many industrial processes, such as 

polymer processing, paper production, food making, etc. We are particularly interested in all 

cases and non-Newtonian fluids are more suitable than Newtonian fluids. It is important to 

observe their behavior in order to know the characteristics of non-Newtonian fluid and their 

applications. Therefore, the researchers have been extremely interested in the boundary layer 

flows over the past few decades, which includes Casson fluid flow over a stretching surface 

that has different applications in the field of aerospace, medical, fiber producing. 

Eldabe et al. [1] discussed Non-Newtonian Casson fluid flow between two rotating cylinders.  

Nadeem et al.[2] presented MHD flow of a Casson fluid over an exponentially shrinking 

sheet. Hayat et al. [3] have studied Soret and Dufour effects on magnetohydrodynamic 

(MHD) flow of Casson fluid. Pramanik [4] studied Casson fluid flow and heat transfer past 

an exponentially porous stretching surface. M. Gnaneswara Reddy [5] analysed Unsteady 

radiative-convective boundary layer flow of a Casson fluid with variable thermal 

conductivity. Khalid et al.[6] studied unsteady free convection flow of a Casson fluid. Akbar 

[7] depicts Influence of magnetic field on peristaltic flow of a Casson fluid. Khalid et al.[8] 

illustrated unsteady MHD free convection flow of Casson fluid. Raju et al.[9] studied Heat 

and mass transfer in magnetohydrodynamic Casson fluid.  Bala [10] presented MHD flow of 

a Casson fluid over an exponentially inclined permeable stretching surface. Raju et al.[11] 

studied heat and mass transfer in MHD Casson fluid over an exponentially permeable 

stretching surface. Reddy et al. [12] discussed effects of joule heating on MHD free 

convective flow along a moving vertical plate. Reddy [13] studied Soret and Dufour effects 

on MHD free convective flow past a vertical porous plate. Mangathai et al.[14] illustrated 

MHD free convective flow past a vertical porous plate. Ramana et al.[15] discussed MHD 

mixed convection oscillatory flow over a vertical surface in a porous medium with chemical 

reaction and thermal radiation. Ramana Reddy et al.[16] studied Radiation and chemical 

reaction effects on MHD flow along a moving vertical porous plate. Very recently, the 

researchers [17-25] illustrated the heat and mass transfer behaviour of magnetohydrodynamic 

flows by considering stretching surface.  

From the above studies, we say that little work has been made to analysis the Casson fluid 

flow considering thermal radiation and chemical reaction. The objective of the work is to 

study the Casson fluid flow and heat and mass transfer over a permeable vertical surface in 

presence of magnetic field , thermal radiation and chemical reaction effects numerically by 
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shooting method. The effects of different involved parameter on the fluid velocity, 

temperature and concentration profiles along with friction factor coefficient, heat and mass 

transfer rates are discussed with help of graphs and tables. 

 

Model Problem:  

Consider a steady 2-D boundary layer flow of a viscous incompressible electrically 

conducting fluid along a permeable vertical stretching sheet with heat generation, thermal 

radiation and chemical reaction. Two equal and opposite forces are introduced along the x-

axis so that the sheet is stretched keeping the origin fixed as seen in Figure 1. A magnetic 

field 
0B  of uniform strength is applied in 𝑦-direction. The effect of the induced magnetic 

field is neglected in comparison to the applied magnetic field. Here 𝑥-axis is taken along the 

direction of the plate and 𝑦-axis normal to it. 

 
Then the equation of state for an isotropic flow of a Casson fluid is [1] 

                                 2
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where ije  is the  ,
th
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where b



   is the kinematic viscosity for Casson fluid. It is assumed that plate temperature 

is initially 
WT , while the temperature far away the sheet is T . If 𝑢 and 𝑣 are the velocity 

components in 𝑥 and 𝑦-directions respectively, then the governing equations for steady 

boundary layer flow of non-Newtonian Casson fluid are 
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where
0g is the acceleration due to gravity, 

*  is the volumetric co-efficient of thermal 

expansion,   is the electric conductivity, 
0B  is the uniform magnetic field strength, 𝜌 is the 
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fluid density, pc  is the specific heat at constant pressure, 𝑘 is the thermal conductivity,  
0Q is 

the volumetric rate of heat generation and 
rq  is the radiative heat flux. Dm is the coefficient 

of the mass diffusivity, C is the concentration of the fluid, Kr is the chemical reaction 

parameter, 

 The corresponding boundary conditions are   

     
 , , , 0

0, ,
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u T T C C as y 
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                                                 (6) 

where wu 𝑢𝑤 is the tangential velocity and we consider  , 0wu Dx D  is a constant and 
wv  is 

the suction velocity. 

 Using Rosseland approximation for radiation we can get 
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where *  is the Stefan- Boltzman constant and 3𝑘′ is the absorption coefficient. Here we 

consider the temperature difference within the flow is very small such that  4T  may be 

expanded as a linear function of temperature. Using Taylor series and neglecting the higher 

order terms, we get,
4 3 44 3T T T T   . Thus equation (4) implies 
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The governing equations (3) and (8) can be made dimensionless by introducing the following 

similarity variables.  
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   where 𝜓 is the stream function, 𝜂 is the dimensionless distance normal to the sheet, 𝜃 be the 

dimensionless temperature,   be the dimensionless concentration 

 Using equation (9) in equations (3) and (8), we get 
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 Finally, skin friction coefficient  fC , local Nusselt number  xNu  and Sherwood number

 Rex can be written as 
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Numerical Procedure 

The system non-linear differential equations (10)-(12) with the boundary conditions (13) 

have been solved numerically by shooting technique along with 6
th

order Runge-Kutta 

iteration scheme with MATLAB package. The step size Δ𝜂 = 0.01 is chosen to satisfy the 

convergence criterion of 610  in all cases. The value of 
 was found to each iteration loop 

by      . The maximum value of
 to each group of parameters 𝛽, 𝑓𝑤, 𝑄,𝑀, 𝑃𝑟,Ec 

and 𝑁 determined when the value of the unknown boundary conditions at 0   not change 

to successful loop with error less than 610 . 

 

Results and Discussion 

The results are showing the nature of the effects of the parameters like 

, , M,N,Pr, Q,Sc,Ec and Kr  are Casson parameter, Bouncy parameter, Magnetic  

parameter, thermal radiation parameter, Prandtl number, Heat source parameter, Schmidt 

number, Eckert number and chemical reaction parameter respectively, on velocity and 

temperature and concentration profiles are displayed with help of  graphical illustration. Also 

the friction factor, Nusselt number and Sherwood number are discussed and given in tabular 

form. For numerical results used 

=1; =1; M=0.5; N=0.2; Pr=0.71; Q=0.5; Sc=0.6; Kr=0.5; w=0.5;Ec=0.1  , these are values 

are treated as common throughout the study expert the varied values in respective figures and 

table.  

Figure 2 show the plot of the effect of Casson parameter on velocity profile. It is observed 

that the velocity decreases when Casson increases. In practice, increasing results in an 

increase in the plastic dynamic viscosity that produces a resistance in the flow and decrease 

in fluid velocity thereof.  In Figure 3, velocity boundary layer thickness increases with 

increasing values of Bouncy parameter   . The thermal buoyancy parameter    effect on the 

concentration is revealed using figure 4. It is found that an increase of the thermal buoyancy 

parameter    increases the thermal conductivity of the fluid. Figure 5 depicts the 

depreciation of velocity for higher intensities of the M. this is in conformity with the fact that 

stronger Lorentz force, generated as a result of higher magnetic field strength, heavily 

opposes the fluid motion. Figure 6 depicts that when the magnetic field parameter M 

increases the temperature distribution of the fluid increases. It is because the existence of the 

magnetic field creates a Lorentz force that opposes the motion of a fluid and increases the 

thermal conductivity of the fluid. In Figure 7, the effect of an applied magnetic field is found 

to increase the concentration boundary layer. However, it is interesting to note that the 

concentration profiles decrease with the increase of both heat source and chemical reaction 

parameters. Figures 8-10 represents the effect of the Prandtl number (Pr) on the velocity, 

temperature and concentration profiles of the flow field. It is observed that the Pr has no 

significant impact on the concentration profiles of the flow shown in Figure 9 and 10, but 

temperature and concentration profiles of the flow decreases as the Pr increases. Temperature 

and thermal boundary layer thickness are decreased the corresponding to an increase in the 

values of Pr. Fig 8 reveals the effects of Pr on the transient velocity profiles. It is evident 
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form the figure that the velocity decreases with an increase in Pr. Figure 11 shows that 

velocity increases as heat source parameter Q increases.   In Figure (12) we have illustrated 

non-dimensional temperature profiles against η for some representative values of the heat 

source parameter 𝑄 = 0.2, 0.5, 0.7,0.9. The positive value of 𝑄 represents source i.e. heat 

generation in the fluid. We know that when heat is generated the buoyancy force increases, 

which induces the flow rate to increase, giving rise to increase in the temperature profiles. 

Figure 13 shows that concentration increases as heat source parameter Q increases.  The 

effect of the Schmidt number Sc on the flow profiles is shown in Fig 14. It can be seen from 

the figure that, as the Sc increases, the flow concentration decrease across the boundary layer 

region, a higher Sc implies a lower Brownian diffusion coefficient, which will give rise to a 

shorter penetration depth for concentration boundary layer. Figure 15 illustrates the influence 

of the non-dimensional chemical reaction parameter (Kr) on the concentration profile flow. 

The effect of the Kr is very important in the concentration field. It can infer from Fig13 that 

concentration profiles of the fluid decrease with increasing values of the Kr. This is because 

of in Kr speed up the rate of the reactants on the flow and consequently reduces the 

concentration distribution of the reacting species. Figure 16 and 17 depicts the effect of 

varying thermal radiation parameter N on the flow temperature and concentration flow. The 

temperature distribution is enhanced with an increase in the N. Large values of N provide 

more heat to working fluid, which results in an enticement in the temp and thermal boundary 

layer thickness. Effect of N on the concentration, we observed that increase values of N 

concentration increases. Figure 18 depicts dimensionless temperature and temperature 

gradient for various values of Eckert number Ec, although an increase in the temperature 

profiles, as well as the thickness of the boundary layer, is observed with an increase in the 

Eckert number, it yields a decrease in the rate of heat transfer. Thus, by varying the Eckert 

number, the wall temperature distribution can be manipulated.  

 

 
Figure 2: Dominance of   on Velocity 
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Figure 3: Dominance of   on Velocity 

 
Figure 4: Dominance of   on Concentration 
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Figure 5: Dominance of M on Velocity 

 

Figure 6: Dominance of M on Temperature 
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Figure 7: Dominance of M on Concentration 

 

  

Figure 8: Dominance of Pr on Velocity 
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Figure 9: Dominance of Pr on Temperature  

 

 

Figure 10: Dominance of Pr on Concentration 

 

0 1 2 3 4 5 6
0

0.2

0.4

0.6

0.8

1

  

 
( 

)

Pr=0.7, 0.9, 1.1, 1.3

0 1 2 3 4 5 6
0

0.2

0.4

0.6

0.8

1

  

 
( 

)

Pr=0.7, 0.9, 1.1, 1.3



 
 European Journal of Molecular & Clinical Medicine  

 

ISSN 2515-8260            Volume 09, Issue 04, 2022 

4088 
 

 

Figure 11: Dominance of Q on Velocity 
 

 

Figure 12: Dominance of Q on Temperature  
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Figure 13: Dominance of Q on Concentration 
 

 

Figure 14: Dominance of Sc on Concentration  
 

0 1 2 3 4 5 6
0

0.2

0.4

0.6

0.8

1

  

 
( 

)

Q=0.2, 0.4, 0.6, 0.8

0 1 2 3 4 5 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

  

 
( 

)

Sc=0.2, 0.4, 0.6, 0.8



 
 European Journal of Molecular & Clinical Medicine  

 

ISSN 2515-8260            Volume 09, Issue 04, 2022 

4090 
 

 

Figure 15: Dominance of Kr on Concentration  

 

Figure 16: Dominance of N on Temperature  
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Figure 17: Dominance of N on Concentration  

 

Figure 18: Dominance of Ec on Temperature 

Conclusion: 
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tendency in the case of thermal radiation parameter N, heat Source parameter Q and 

bouncy parameter   . 
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