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Abstract 

The motion of temperature dependent viscosity and thermal conductivity of 

steady incompressible laminar free convective (MHD) non-Newtonian Casson 

fluid flow over an exponentially stretching surface with exponentially 

decaying internal heat generation, slip flow and convective heating condition 

are investigated. It is assumed that natural convection is induced by buoyancy 

and exponentially decaying internal heat generation across the space with 

convective boundary and velocity slip. The governing boundary layer coupled 

partial differential equations are transformed into a system of non-linear 

ordinary differential equations, which are solved numerically using the 

MATLAB bvp4c solver. A parametric study is performed to illustrate the 

influence of Prandtl number, Casson parameter, temperature dependent 

viscosity, temperature dependent thermal conductivity, Magnetic parameter , 

biot number and velocity slip on the fluid velocity and temperature profiles 

within the boundary layer. The flow controlling parameters are found to have 

a profound effect on the resulting flow profiles. 

Keywords: Casson fluid; Variable viscosity; Variable thermal conductivity; 

MHD; convective boundary condition; velocity slip. 
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1. INTRODUCTION: 

The study of laminar flow and heat transfer occurring over a stretching sheet in a 

viscous fluid is of considerable interest because of their ever increasing industrial 

applications and important bearings on several technological processes. Most of the 

available literature deals with the study of boundary layer flow over a stretching 

surface where the velocity of the stretching surface is assumed to be linearly 

proportional to the distance from the fixed origin. However, it is often argued that 

(Gupta and Gupta [1]) stretching of plastic sheet may not necessarily be linear. A few 

years later, several researchers like Magyari and Keller [2], Elbashbeshy[3], Partha et 

al.[4], Khan[5] and Sanjayanand and Khan[6,7]focused on heat mass transfer on 

boundary layer flow due to the presence of an  exponentially, continuous stretching 

sheet under different thermo-physical conditions. Flow and heat transfer 

characteristics past an exponentially stretching sheet has a wider applications in 

technology. For example, in case of annealing and thinning of copper wires, the final 

product depends on the rate of heat transfer at the stretching continuous surface with 

exponential variations in stretching velocity and temperature distribution. During such 

processes, both the kinematics of stretching and the simultaneous heating or cooling 

has a decisive influence on the quality of the final products.  

The study of heat transfer and MHD flow over a continuous stretching sheet is one of 

the most important problems in fluid dynamics due to its numerous applications in 

industrial manufacturing processes such as paper production, manufacturing of 

ceramic polymer extrusion and production of plastic. Al-Odat et al. [8] discussed the 

effects of magnetic field on fluid flow and heat transfer past an exponentially 

stretching surface.  

The study of non-Newtonian fluids has attracted much attention because of their 

extensive variety of applications in engineering and industry especially in extraction 

of crude oil from petroleum products, production of plastic materials and syrup drugs. 

In the category of non-Newtonian fluids, Casson fluid has distinct features. Casson 

fluid is one of the types of such non-Newtonian fluids, which behaves like an elastic 

solid, and for this kind of fluid, a yield shear stress exists in the constitutive equation. 

Non-Newtonian transport phenomena arise in many branches of mechanical and 

chemical engineering and also in food processing. Some materials e.g. muds, 

condensed milk, glues, printing ink, emulsions, paints, sugar solutions, shampoos and 

tomato pastes exhibit almost all the properties of non- Newtonian fluid. This 

rheological model was introduced originally by Casson [9] in his research on a flow 

equation for pigment oil-suspensions of printing ink. Casson model constitutes a 

plastic fluid model which exhibits shear thinning characteristics, yield stress, and high 

shear viscosity. Although different models are proposed to explain the behavior of 

non-Newtonian fluids, the most important non-Newtonian fluid possessing a yield 

value is the Casson fluid. Recently, Animasaun [10] presented the effects of some 
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thermo-physical parameters on non-darcian MHD dissipative Casson fluid flow along 

linearly stretching vertical surface when there exists migration of colloidal particles in 

response to a macroscopic temperature. 

Internal energy generation can be explained as a scientific method of generating heat 

within a body by a chemical, electrical or nuclear process. Natural convection induced 

by internal heat generation is a common phenomenon in nature. Examples include 

motion in the atmosphere where heat is generated by absorption of sunlight [see 

Tasaka et al. [11]]. In the energy equation, Sahin [12] considered heat generation rate 

resulting from the radiation absorption by differentiating the radiation intensity. 

Crepeau and Clarksean [13] carried out a similarity solution for a fluid with an 

exponentially decaying heat generation term and a constant temperature vertical plate 

under the assumption that the fluid has an internal volumetric heat generation. An 

exponential form is used for the internal energy generation term. In many situations, 

there may be appreciable temperature difference between the surface and the ambient 

fluid. This necessitates the consideration of temperature dependent heat sources that 

may exert a strong influence on the heat transfer characteristics [14]. The study of 

heat generation or absorption effects is important in view of several physical problems 

such as fluids undergoing exothermic or endothermic chemical reaction; although, 

exact modeling of internal heat generation or absorption is quite difficult, some 

simple mathematical models can express its average behaviour for most physical 

situations [15]. Recently, Animasaun [16] investigated Casson Fluid Flow with 

Variable Viscosity and Thermal Conductivity along Exponentially Stretching Sheet 

Embedded in a Thermally Stratified Medium with Exponentially Heat Generation.  

Makinde [17] analyzed the effect of variable viscosity on thermal boundary layer over 

a permeable flat plate with radiation and a convective surface boundary condition. 

The purpose of this theoretical study is to unravel the behavior of velocity and 

temperature profiles of Casson flow with variable plastic dynamic viscosity and 

thermal conductivity within boundary layer over a vertical surface with suction and 

space dependent internal heat generation by using analytical approximate method of 

solution. 

The radiative effects have important applications in physics and engineering 

processes. The radiations due to heat transfer effects on different flows are very 

important in space technology and high temperature processes. Thermal radiation 

effects may play an important role in controlling heat transfer in polymer processing 

industry where the quality of the final product depends, to some extent to the heat 

controlling factors (Mukhopadhyay et al. [18]). High temperature plasmas, cooling of 

nuclear reactors, liquid metal fluids, and power generation systems are some 

important applications of radiative heat transfer from a vertical wall to conductive 

gray fluids (Mukhopadhyay and Gorla [19]). The influence of thermal radiation on 

unsteady flow of Casson fluid caused by stretching sheet subjected to suction/blowing 
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was presented by Mukhopadhyay [20]. Pramanik [21] studied the Steady boundary 

layer flow of a Casson fluid and heat transfer over an exponentially stretching surface 

in the presence of thermal radiation. 

All the above investigations assume the conventional no slip boundary conditions 

over a stretching surface. Undoubtedly, for many decades, scientists have conducted 

extensive research trying to understand and control the slip flow behaviours over a 

stretching surface. Partial velocity slip readily occurs for an array of complex fluid 

such as emulsions, suspensions, foams and polymer solutions. Also, the fluids that 

exhibit boundary slip have important technological applications, such as in the 

polishing of artificial heart valves and internal cavities. In light of these various 

applications many authors have investigated and reported the results on the boundary 

layer flow and heat transfer characteristics in the presence of slip effects. Several 

researchers like Ariel et al [22], Hayat et al. [23] Mukhopadhyay [24] and 

Turkyilmazoglu [25], etc. investigated the flow problems taking slip flow condition at 

the boundary.  Numerical solutions of electrically conducting slip flow of Casson 

nanofluid generated during stretching sheet under the influence of convective 

boundary condition using similarity transformations were presented by Ibrahim and 

Makinde [26]. Oyelakin et al. [27] investigated unsteady electrically conducting flow 

of Casson nanofluid in the presence of slip and convective boundary conditions.  

Suneetha and   Gangadhar [28] studied thermal radiation effect on MHD stagnation 

point flow of a Carreau fluid with convective boundary condition. Prasanna Kumar 

and Gangadhar [29] studied the slip flow of a Casson fluid flow over an exponentially 

stretching surface and heat and mass transfer. Ullah et al. [30] analyzed the unsteady 

MHD mixed convection slip flow of Casson fluid over nonlinearly stretching sheet 

embedded in a porous medium with chemical reaction, thermal radiation, heat 

generation/absorption and convective boundary conditions.  Bala Anki Reddy et al. 

[31] has been numerically studied MHD boundary layer slip flow of a maxwell 

nanofluid over an exponentially stretching surface with convective boundary 

condition.   

The process of suction and blowing has also have their importance in many 

engineering activities, for example, in the design of thrust bearing and radial diffusers, 

and thermal oil recovery. Suction is applied to chemical processes to remove 

reactants.  Swati[32] investigated the slip effects on MHD boundary layer flow over 

an exponentially stretching sheet with suction/blowing and thermal radiation.  

The purpose of this theoretical study is to unravel the behaviour of velocity and 

temperature profiles of slip flow on Casson fluid with variable plastic dynamic 

viscosity and thermal conductivity within boundary layer over a vertical surface with 

space dependent internal heat generation and convective condition. The governing 

partial differential equations are modified and converted to nonlinear ordinary 

differential equations using suitable similarity transformations. The transformed self-
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seminar ODE’s are solved by the BVP4c function in MATLAB. 

 

2. MATHEMATICAL FORMULATION: 

A steady two-dimensional laminar free convective boundary layer slip flow of a 

viscous incompressible electrically conducting fluid flow along a vertical 

exponentially stretching sheet in the presence of convective heating is considered for 

a theoretical study. Also considered the convective boundary condition and velocity 

slip effects. The surface is elastic. The motion of an incompressible non Newtonian 

fluid is induced because of the stretching property of the surface, buoyancy effects 

which are generated by gradients in the temperature field of a dissolved species and 

space dependent internal heat generation. This occurs in view of the elastic properties 

of the surface parallel to the x-axis through equal and opposite forces when the origin 

is fixed at x = y = 0. The physical model is shown in Fig. 1. A magnetic field Bo of 

uniform strength is applied transversely to the direction of the flow.  

 

 

Fig.1: Flow configuration and the coordinate system 
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Since the fluid pressure is constant throughout the boundary, it is assumed that 

induced magnetic field is small in comparison to the applied magnetic field; hence it 

is neglected. Under the above assumptions and invoking the Boussinesq 

approximation, the boundary layer equations governing the flow and heat transfer of a 

viscous and incompressible fluid can be written as 

0
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Where T is the temperature of the fluid, 





  is the kinematic coefficient of 

viscosity with μ being the fluid viscosity and ρ is the fluid density, 
pC





  is the 

thermal diffusivity with κ being the fluid thermal conductivity, convective heat 

transfer processes is characterized by temperature and Cp is the heat capacity at 

constant pressure. The dimensionless space internal heat generation term in energy 

equation is modelled following the concept introduced in [33-35] where Qo is the 

coefficient of space-dependent internal heat generation. From the definition of 

viscosity 0( )|y
u
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 and according to [36, 37] it is assumed that the rheological 

equation of an isotropic and incompressible flow of a Casson fluid can be written as 
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Py is known as yield stress of the fluid, mathematically expressed as 

2
.b
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                                                                                                           (5) 

μb is known as plastic dynamic viscosity of the non-Newtonian fluid, π is the product 

of the component of deformation rate with itself (i.e. π = ei j ei j), where ei j is the (i, j ) 
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th component of the deformation rate and πc is the critical value based on the non-

Newtonian model. In a case of Casson fluid (Non Newtonian) flow, where π > πc, it is 

possible to say that 

.
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Substituting (5) into (6), the kinematics viscosity of Casson fluid is now depending on 

plastic dynamic viscosity μb, density ρ and Casson parameter β 

1
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Rosseland approximation requires that the media is optically dense media and 

radiation travels only a short distance before being scattered or absorbed. Since we are 

considering a situation in which the radiation of heat within optically thick Casson 

fluid exists before the heat is scattered, radiative heat transfer is taken into account. 

Rosseland equation which is a simplified model of Radiative Transfer Equation 

(RTE) is adopted to account for this effect. When material has a great extinction 

coefficient, it can be treated as optically thick. qr is the radiative  heat flux and is 

defined using the Rosseland approximation as 
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Where σ is the Stefan–Boltzmann constant and k* is known as the absorption 

coefficient. we assumed that the temperature differences within the flow are 

sufficiently small such that T4 may be expressed as a linear function of the free stream 

temperature T∞. This is obtained by expanding T4 in a Taylor series about T∞ and 

neglecting higher order terms, we obtained  

4 4 3 34 4 ,T T T T T T     
                                                                                       

(9)

4 4

* *

4 4
.

3 3
rq T T T

y y k y y k T y
           

    
                                                                       (10) 

Upon substitution, we obtained
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We are interested in the case where plastic dynamic viscosity μb and thermal 

conductivity of Casson fluid κ vary as a linear function of temperature. Molecules of 
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fluids exert forces of attraction on each other either in motion or at rest. In liquids, this 

kind of force is strong enough to keep the mass together but not strong enough to keep 

it rigid like that of solid. When a fluid flows over a surface, the layer next to the 

surface may become attached to it (wets the surface “no slip condition”). Casson fluid 

exhibits shear thinning characteristics which can conduct heat when exposed. This 

assumption is valid since it is known that the physical properties of the fluid may 

change significantly with temperature. For lubricating fluids, heat generated by the 

internal friction and the corresponding rise in temperature affects the viscosity of the 

fluid and so the fluid viscosity can no longer be assumed constant. The increase of 

temperature leads to a local increase in the transport phenomena by reducing the 

viscosity across the momentum boundary layer and so the heat transfer rate at the wall 

is also affected greatly. In industrial systems, fluids can be subjected to extreme 

conditions such as high temperature, pressure, high shear rates and external heating 

(Ambient Temperature) and each of these factors can lead to high temperature being 

generated within the fluid. Modified governing equations are: 
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In Physics, it is a well-known fact that, if an object is on an elastic surface at rest, 

when the surface is stretched; the object also tends to move towards the direction of 

the pull. The surface of the plate in Fig. 1 is assumed to be highly elastic and is 

stretched in the x-direction with a velocity u = uw=U0exp ( )
x
L

 . Eqs. (12)  And (13) 

are subject to the following boundary conditions 

1( ) , 0, ( ) 0w f f
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y y
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u→0,     T→T∞,                             as   y→∞                                                              (15) 

In this research, U0 is a constant, L1 is the slip length and L is the reference length. It 

is very important to note that, the exponential velocity at the wall U0 exp ( )
x
L

 is valid 

only when x ≪ L. When x ≥ L, it is very obvious that the effect of the exponential 

property on wall velocity may skyrocket. Also, in the third term of (14), it is obvious 
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that (Tf − T∞) = T0exp ( )
2

x
L

 .The following relations are introduced for u and v as u = 

( )
y
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Dimensionless temperature, temperature dependent viscosity model and temperature 

dependent thermal conductivity model are represented respectively as 
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These automatically satisfied continuity equation (1) and we obtained the following 

locally similar ordinary differential equations: 
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Together with the boundary conditions

 

 
2

2
0, 1 , 1 0

f ff Bi at
  

  

  
      

                                       (19) 

0, 0,
df as
d

 

  

                                                                   (20) 

Here, the prime denotes differentiation with respect to η, f is the similarity function, θ 

is the dimensionless temperature. ξ = b (Tf − T∞) is the variable plastic dynamic 

viscosity parameter, 
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is the local modified Grashof related parameter, ε = δ(Tf − T∞) is the 
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variable thermal conductivity parameter, Pr
pC 


  is the Prandtl number, 
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Radiation parameter. For practical applications, the major physical quantities of 

interest are the local skin friction coefficient and Nusselt number. The first physical 
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τw is known as shear stress or skin friction along the stretching sheet 

 

1
2 exp 1 (0).

2
e f

x R C f
L 

  
   

                                                                         (21) 

Another physical quantity of interest is the local Nusselt number Nux , which is 

defined as 
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3. SOLUTION OF THE PROBLEM: 

The set of equations (17) to (18) were reduced to a system of first-order differential 

equations and solved using a MATLAB boundary value problem solver called bvp4c. 

This program solves boundary value problems for ordinary differential equations of 

the form , by implementing a collocation method subject to 

general nonlinear, two-point boundary conditions . Here p is a vector 

of unknown parameters Boundary value problems (BVPs) arise in most diverse forms. 

Just about any BVP can be formulated for solution with bvp4c. The first step is to 

write the ODEs as a system of first order ordinary differential equations. The details 

of the solution method are presented in Shampine and Kierzenka [38]. 

 

4. NUMERICAL ESTIMATES AND RELATED DISCUSSION: 

The numerical computations have been carried out using the MATLAB bvp4c solver 

for several values of the physical parameters arised in the study then acquired results 

are presented in graphs.  

In order to validate the accuracy we have compared our results with Animasaun et 

al.[16] when β = ∞, Ha = ξ = Gr = ε = γ = S = 0, N = 2 in the present study. The 

results are found in excellent agreement and are shown in Table 1. From Table 2, it is 

observed that         f ''(0) which is related to skin friction coefficient and  -θ'(0) which 

is related to local heat transfer increases significantly as Biot number increases. From 

Table 3, it is observed that      f ''(0) and -θ'(0) decreases significantly as slip 

parameter increases. From Table 4, it is observed that f ''(0) and -θ'(0) decreases 

significantly as space dependent internal heat source parameter (γ) increases. As Ha 

increases f ''(0) increases whereas -θ'(0) decreases. For various increasing values of 

temperature dependent plastic dynamic variable viscosity parameter (ξ),  f ''(0) 
decreases whereas -θ'(0) increases. 

 

Table 1: Comparison of −θ′ (0) for several values of Prandtl number with Animasaun 

et al. [16] 

Pr 
N=2 

Animasaun[16] N=2 in present  

1 0.676506980 0.6765 

2 1.073521347 1.0735 

3 1.380752705 1.3807 

 

 ' , , ,y f x y p a x b  

 ( ), ( ),g y a y b p
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Table 2: Skin friction and Nusselt number for different values of Biot number. 

Bi f ''(0) -θ'(0) 

0.1 2.1381 0.0309 

0.5 2.1402 0.1017 

1.5 2.1421 0.1640 

2.5 2.1428 0.1868 

 

Table 3:   Skin friction and Nusselt number for different values of velocity slip. 

 

 

 

 

 

 

Table 4:   Skin friction and Nusselt number for different values of Ha, γ and ξ. 

Ha γ ξ  f ''(0) - θ'(0)  
2 0.8 0.5 2.1381 0.0309 

    1 1.8017 0.0360 

    2 1.3487 0.0416 

    3 1.0583 0.4460 

3   0.5 2.3900 0.0268 

    1 2.0450 0.0326 

    2 1.5648 0.0391 

    3 1.2495 0.0426 

2 0.9 0.5 2.1206 0.0243 

    1 1.7678 0.0302 

    2 1.2885 0.0365 

    3 0.9796 0.0399 

3   0.5 2.3769 0.0199 

    1 2.0170 0.0265 

    2 1.5110 0.0338 

    3 1.1767 0.0378 

α f ''(0) -θ'(0) 

0.5 2.1381 0.0309 

0.8 1.7767 0.0274 

1.0 1.5972 0.0255 

1.5 1.2753 0.0219 
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Fig. 2: Effect of magnetic field parameter over velocity profiles. 

 

Fig. 3: Effect of magnetic field parameter over temperature profiles. 

 

Fig. 4: Effect of Prandtl number over temperature profiles. 
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Fig. 5: Effect of thermal radiation parameter over temperature profiles. 

 

Fig. 6: Effect of space dependent heat source parameter over velocity profiles. 

 

Fig. 7: Effect of space dependent heat source parameter over temperature profiles. 
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Fig. 8: Effect of Casson parameter over velocity profiles. 

 

Fig. 9: Effect of Casson parameter over temperature profiles. 

 

Fig. 10: Effect of temperature dependent variable plastic dynamic viscosity parameter 

over   velocity profiles. 
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Fig. 11: Effect of temperature dependent variable plastic dynamic viscosity parameter 

over temperature profiles. 

 

Fig. 12: Effect of velocity slip parameter over velocity profiles. 

 

Fig. 13: Effect of velocity slip parameter over temperature profiles. 
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Fig. 14: Effect of Biot number over temperature profiles. 

 

From the figures 2-14, the parameters are kept at constant as 

0.5, 0.5, 0.5, 0.5, 0.2, 0.2,Pr 7, 0.5, 0.2, 0.5, 0.2.Ha Gr Nr n Bi              

Fig. 2 represents the velocity profiles for the variation of magnetic field parameter Ha 

when ξ = 0.5. The velocity decreases significantly throughout the fluid domain. 

Application of a magnetic field to an electrically conducting Casson fluid produces a 

kind of drag-like force called Lorentz force. This force causes reduction in the fluid 

velocity within boundary layer. It is observed that as Ha increases, the temperature 

distribution increases. The effect of Lorentz force on velocity profiles generated a 

kind of friction on the flow; this friction in turn generated more heat energy which 

eventually increases the temperature distribution in the flow (see Fig. 3). 

In Fig. 4, it is observed that an increase in Prandtl number results an increase in 

temperature near the plate and a decrease of temperature and thermal boundary layer 

thickness and in general lower average temperature within the boundary layer. The 

reason is that smaller values of Pr are equivalent to increasing the thermal 

conductivities, and therefore heat is able to diffuse away from the heated plate more 

rapidly than for higher values of Pr. 

For different values of the radiation parameter Nr, it is noticed from Fig.5, that an 

increase in the radiation parameter results an increase in temperature near the plate 

and a decrease in the temperature within the boundary layer. The effect of radiation 

parameter Nr is to reduce the temperature significantly in the flow region. The 

increase in radiation parameter means the release (i.e. channel to loss) heat energy 

from the flow region and so the fluid temperature decreases as the thermal boundary 

layer thickness becomes thinner. 

Figs. 6 and 7 exhibit velocity and temperature profiles for different values of 

0 2 4 6 8 10
0

0.1

0.2

0.3

0.4

0.5

0.6



 
(

)

 

 

Bi = 0.1

Bi = 0.5

Bi = 1.0



252  G. Radha, N. Bhaskar Reddy and K. Gangadhar 

exponentially decaying internal heat generation parameter γ. The velocity profile and 

temperature profile increase as γ ranges within 0.2 ≤ γ ≤ 0.8. The temperature profile 

increases rapidly near the plate when compared with far away the plate. 

Figs. 8 and 9 depict the effect of non-Newtonian Casson fluid parameter β over 

velocity and temperature profiles. Casson fluid is treated as fluid with variable plastic 

dynamic viscosity with strong effect of yield stress Py, the velocity decreases near the 

wall and negligibly decreases far from the vertical heated wall when β increases. It is 

further observed that, as the nature of the fluid is tending towards the nature of 

Newtonian fluid (i.e. β → ∞), the velocity decreases greatly within a layer of fluids 

near the vertical wall. For increase in β there is a decrease in temperature profiles. 

Hence, the magnitude of the velocity is greater in Casson fluid when compared with 

viscous fluids. 

Fig. 10 illustrates the velocity profiles for different values of temperature dependent 

plastic dynamic viscosity parameter (ξ). This figure demonstrates the effect of 

increasing ξ also increases the velocity. This effect eventually increases the transport 

phenomena across the momentum boundary layer. In Fig. 11, variations of 

temperature field θ (η) against η for several values of (ξ). The figure depicts the strong 

effect of the intensity of internal heat generation across the space. It is observed that 

the temperature decreases as η → 10. Increase in the magnitude of temperature 

dependent plastic dynamic viscosity parameter leads to decrease in thermal boundary 

layer thickness, which results in decrease of temperature profile θ (η). As the fluid 

temperature increases (i.e. ξ increases), it tries to expand, since the fluid is 

incompressible, the pressure decreases as its molecules become weak. Hence the fluid 

consumed all the temperature; this may account for decrease in the temperature. 

Decrease in temperature profiles across the thermal boundary layer means a decrease 

in the velocity of the Casson fluid. 

Figs. 12 and 13 exhibit the velocity and temperature profiles for different values of 

slip parameter α. Fig. 12 shows that the velocity profiles are decreasing function of 

the slip parameter α. Physically, when slip occurs, the slipping fluid shows a decrease 

in the surface skin-friction between the fluid and the stretching sheet because not all 

the pulling force of the stretching sheet can be transmitted to the fluid. So, increasing 

the value of α will decrease the flow velocity in the region of the boundary layer. 

From Fig.13, it is noticed that the temperature profile increases as slip parameter α 

increases. The temperature profile for variable values of Biot number for the 

exponential stretching sheet is presented in Fig.14. This figure reveals that an increase 

in the temperature distribution along the thermal boundary layer is observed with 

enhancement in the Biot number.  
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5. CONCLUDING REMARKS 

Laminar free convective MHD boundary layer flow of non-Newtonian Casson fluid 

flow over an exponentially stretching surface embedded in a thermally stratified 

medium with convective boundary condition and velocity slip has been studied. 

Equations are solved numerically using the MATLAB bvp4c solver to study the effect 

of all the controlling parameters on the flow’s velocity and temperature profiles in the 

boundary layer. The results reveal that: 

 An increase in the variable plastic dynamic viscosity parameter of Casson fluid 

corresponds to an increase in the velocity profiles and a decrease in temperature 

throughout the boundary layer. 

 Based on the results of the present study, it can be concluded that the effect of 

Casson fluid parameter when treated as fluid with variable plastic dynamic 

viscosity, the velocity profile increases, temperature distribution decreases. 

 Variation of exponentially decaying heat source parameter shows significant 

effect on the thickness of the boundary layer profiles (i.e. velocity and 

temperature). 

 The magnetic field reduces the heat transfer rate, though it causes the increment 

in the temperature inside the boundary layer. 

 The velocity profiles are decreasing function of the slip parameter α whereas an 

opposite trend is observed for temperature distribution. 

 An increase in the temperature distribution along the thermal boundary layer is 

observed with enhancement in the Biot number.  
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