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Abstract:

In this investigation, we explore the combined effects of a magnetic field, thermal radiation,
buoyancy force, viscous dissipation, and chemical reaction on the flow of a Casson fluid over
a permeable stretching surface. The nonlinear model equations are formulated and
transformed into a set of ordinary differential equations (ODEs). We utilize a shooting
technique along with a 6th-order Runge-Kutta iteration scheme to numerically solve the
model problem. The results are presented graphically, illustrating the influence of inherent
parameters on velocity, temperature, and concentration distributions. Furthermore, the
analysis includes tabular presentations of the skin friction coefficient, Nusselt number, and

Sherwood number.
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Introduction

In recent years, there has been a significant focus on investigating the dynamics of Casson
fluid flow, as well as heat and mass transfer, over porous stretching surfaces within two-
dimensional (2-D) boundary layers. These situations are prevalent in diverse industrial
applications, such as polymer processing, paper production, and food manufacturing. The
unique properties of non-Newtonian fluids, particularly Casson fluids, in these processes

have captured researchers' interest, leading them to explore the behaviors and applications of
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these fluids. Boundary layer flows, especially those involving Casson fluid flow over
stretching surfaces, have gained importance in aerospace, medical, and fiber production
fields. Numerous studies have contributed to the understanding of Casson fluid dynamics. For
instance, Eldabe et al. [1] investigated Non-Newtonian Casson fluid flow between rotating
cylinders, while Nadeem et al. [2] focused on the magnetohydrodynamic (MHD) flow of a
Casson fluid over an exponentially shrinking sheet. Other studies explored various aspects,
such as Soret and Dufour effects on MHD flow of Casson fluid [3], Casson fluid flow and
heat transfer past an exponentially porous stretching surface [4], and the unsteady radiative-
convective boundary layer flow of a Casson fluid with variable thermal conductivity [5].
Researchers have also delved into unsteady free convection flow [6], the influence of a
magnetic field on peristaltic flow [7], unsteady MHD free convection flow [8], and heat and
mass transfer in magnetohydrodynamic Casson fluid [9]. Recent works [10-25] have
addressed heat and mass transfer behavior in magnetohydrodynamic flows involving
stretching surfaces. Despite these extensive studies, there exists a noticeable gap in the
analysis of Casson fluid flow considering the combined effects of thermal radiation and
chemical reaction. This study aims to bridge this gap by numerically investigating Casson
fluid flow, heat, and mass transfer over a permeable vertical surface. The investigation
considers the influence of a magnetic field, thermal radiation, and chemical reaction effects,
employing the shooting method. The study explores the effects of various parameters on fluid
velocity, temperature, and concentration profiles. The findings, including friction factor
coefficients, as well as heat and mass transfer rates, are presented through graphical
representations and tables.

Model Problem:

Imagine a stable two-dimensional boundary layer flow of a viscous, incompressible,
electrically conducting fluid along a permeable vertical stretching sheet. This sheet is
subjected to heat generation, thermal radiation, and a chemical reaction. To induce stretching,
two equal and opposite forces are applied along the x-axis, causing the sheet to extend while
maintaining the origin fixed, as depicted in Figure 1. Additionally, a magnetic field of
uniform strength is applied in the y-direction. It's important to note that the influence of the
induced magnetic field is disregarded when compared to the applied magnetic field. The
coordinate system is defined with the x-axis along the plate's direction and the y-axis normal
to it
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Then the equation of state for an isotropic flow of a Casson fluid is [1]

Tjj = Z[ﬂb +%]eij (1)

where € is the (i,j)th component of deformation rate, 7j is the (i,j)th component of the stress

tensor, m is the product of the component of deformation rate with itself, and ., is the plastic

dynamic viscosity. The yield stress P, is expressed as, py:/‘béﬂ where £ Casson fluid

P 1
parameter. For non-Newtonian Casson fluid flow u =y, +—== which gives v'=v|1+— 1,
N2r B

where, = #2 s the kinematic viscosity for Casson fluid. It is assumed that plate temperature
Yo

is initially T, , 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 g, is the acceleration due to gravity, S is the volumetric co-efficient of thermal

expansion, o is the electric conductivity, B, is the uniform magnetic field strength, p is the
fluid density, C, is the specific heat at constant pressure, k is the thermal conductivity, Q,is
the volumetric rate of heat generation and q, 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

(6)

U=U,,V=V,(x), T=T,,C=C, aty=0 }
u=0, T=T, C=C,_, asy—oo
where u,, uw is the tangential velocity and we consideru, = Dx,D(>0)is a constant and v,, is

the suction velocity.
Using Rosseland approximation for radiation we can get

* AT4
%=~ )
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 T* may be
expanded as a linear function of temperature. Using Taylor series and neglecting the higher

order terms, we get, T* = 4T>T —3T?. Thus equation (4) implies

2 2 2 *—3 A2
B 160°T
LT T _ kT u[l 1}(&) LB 2, Q (T-T.)+ 60 T2 0°T ®)

- - i -
ox oy pc, oyf ¢, B pC, oo 3k'pc, oy°
The governing equations (3) and (8) can be made dimensionless by introducing the following

similarity variables.

u=Dxf'(),v=—D3t (n)=yg,w=w_sxf (1).0(n) == () =-~—= (@)

where v is the stream function, 7 is the dimensionless distance normal to the sheet, 8 be the

dimensionless temperature, ¢ be the dimensionless concentration

Using equation (9) in equations (3) and (8), we get

(1+%]f’”+ ff"— 2 +y0-Mf'=0 (10)
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(1+%Nj6?”+ Pr {0’ +(1+%jEc Pr(f")* + MEcPr(f')’ +PrQe =0,

(11)
¢"+NSc(4f'p— f¢')—ScKrg =0 (12)
The reduced boundary conditions are

f'=1 f=f, 0=L¢=1 atn=0 }

13

2

B _ .
7> is the magnetic field parameter, y=w is the buoyancy

D<“x

where M =

Q
Dpc

parameter, Q = is the heat source parameter, Pr:”Tcp is the Prandtl number,

p
D** . , : T3
Ec=—— > is the Eckert number, f, =——Yw_ s the suction parameter and N = 4o T,
¢, (T, -T,) JD3 kk’

K

14
is the radiation parameter. Sc =D—f is the Schmidt number, kr = KoL is the chemical reaction

m C:OU 0

Finally, skin friction coefficient(cf), local Nusselt number (NUX) and Sherwood number

(Re, ) can be written as

C, Rel? = (1+%] f”(0), Nu, Re '? = —(1+§ NJH’(O), Sh Re;"? = -¢'(0)

(14)

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"order Runge-Kutta
iteration scheme with MATLAB package. The step size An = 0.01 is chosen to satisfy the

convergence criterion of 107° in all cases. The value of 5, was found to each iteration loop
by 7, =n,+Arn. The maximum value of_ to each group of parameters g, 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 than107°.
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Results and Discussion

The results reveal the influence of various parameters, including the Casson parameter,
Bouncy parameter, Magnetic parameter, thermal radiation parameter, Prandtl number, Heat
source parameter, Schmidt number, Eckert number, and chemical reaction parameter, on
velocity, temperature, and concentration profiles. These effects are presented through
graphical illustrations, and additional discussions involve the friction factor, Nusselt number,
and Sherwood number, which are provided in tabular form. Throughout the study, numerical
results are based on common values, denoted as . Figures 2 to 18 illustrate specific parameter
influences on the flow characteristics: Figure 2 depicts the impact of the Casson parameter on
the velocity profile, indicating a decrease as the Casson parameter increases due to
heightened plastic dynamic viscosity resistance, leading to reduced fluid velocity. Figure 3
illustrates that the velocity boundary layer thickness increases with higher Bouncy parameter
values. Figure 4 shows the effect of the thermal buoyancy parameter on concentration,
indicating an increase in thermal conductivity with higher thermal buoyancy parameter
values. Figure 5 demonstrates the decrease in velocity for higher magnetic field parameter
(M) values, attributed to stronger Lorentz force opposing fluid motion. Figure 6 depicts the
increase in fluid temperature distribution with higher magnetic field parameter (M) values
due to the opposing Lorentz force enhancing thermal conductivity. Figure 7 highlights the
increase in concentration boundary layer with an applied magnetic field, although
concentration profiles decrease with higher heat source and chemical reaction parameters.
Figures 8-10 exhibit the influence of Prandtl number (Pr) on velocity, temperature, and
concentration profiles, showing no significant impact on concentration but a decrease in
temperature and thermal boundary layer thickness with increasing Pr values. Figure 11
illustrates the increase in velocity with higher heat source parameter (Q) values. Figure 12
presents non-dimensional temperature profiles against n for various heat source parameter
(Q) values, showing an increase in temperature profiles with heat generation. Figure 13
demonstrates the increase in concentration with higher heat source parameter (Q) values.
Figure 14 shows the influence of Schmidt number (Sc) on flow profiles, indicating a decrease
in flow concentration with higher Sc values. Figure 15 illustrates the impact of non-
dimensional chemical reaction parameter (Kr) on concentration profiles, showing a decrease
in concentration with higher Kr values. Figures 16 and 17 depict the effects of varying
thermal radiation parameter (N) on flow temperature and concentration, revealing enhanced
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temperature distribution and concentration with increasing N values. Figure 18 illustrates
dimensionless temperature and temperature gradient for different Eckert number (Ec) values,
indicating increased temperature profiles and boundary layer thickness but a decrease in heat
transfer rate with higher Ec values. Varying the Eckert number allows for manipulation of

wall temperature distribution.

oo\ |

0.7 N\ p=0.2,0.4,0.6,0.8 |

0.6~ A
=~ 051 A

0.4 N

0.2 N

0.1r ~ J

o

\
\

ook \ |

vy =0.5, 1.0, 1.5, 2.0

0.6

7
\

f' ()

859 |Page



IJEANS International Journal of Food and Nutritional Sciences

Research paper (CRIN PR T ER:VI B SRS I MUGC CARE Listed (Group -I) Journal Volume 11, Issue 3, 2019

Figure 3: Dominance of » on Velocity
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Figure 4: Dominance of » on Concentration
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Figure 9: Dominance of Pr on Temperature
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Conclusion:
This study explores the behavior of Casson fluid over a permeable vertical stretching
surface, taking into account the influences of a magnetic field, thermal radiation, and
chemical reaction on flow, heat, and mass transfer. The conclusions drawn from the
investigation are summarized as follows:
1.Velocity exhibits a decreasing trend with rising values of the Casson parameter, magnetic
parameter (M), and Prandtl number (Pr). Conversely, it shows an opposite tendency in the
case of the bouncy parameter and heat source parameter (Q).
2. Temperature distribution experiences a decline with an increase in Prandtl number (Pr). In
contrast, it demonstrates a reverse tendency in the case of heat source parameter (Q), thermal
radiation parameter (N), magnetic parameter (M), and Eckert number (Ec).
3.The concentration boundary layer decreases with an increase in Prandtl number (Pr),
chemical reaction parameter (Kr), magnetic parameter (M), and Schmidt number (Sc).
Conversely, it exhibits a reverse tendency in the case of thermal radiation parameter (N), heat
source parameter (Q), and bouncy parameter.
These conclusions provide insights into the complex interplay of various parameters in the
Casson fluid system over a permeable vertical stretching surface, shedding light on the

behavior of velocity, temperature, and concentration profiles.
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