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Abstract: A numerical study of chemical diffusion and radiative heat transfer effects on
magnetohydrodynamic (MHD) stagnation point flow of Casson fluids due to a porous stretching
boundary is considered. The governing model of the problem in the form of the non-linear partial
differential equations is converted into ordinary differential form by using appropriate non dimensional
function. The resulting model is then solved numerically by using a straight forward coding scheme in
Mathematica software 11. The results for velocity, temperature and mass diffusion are computed and
presented to elaborate the effects of pertinent parameters involved in the study.

Introduction:

The study of non-Newtonian fluids has a variety of applications in engineering and industry
especially in extraction of crude oil from petroleum products. Casson fluid is a non-Newtonian
fluid which exhibits yield stress. Human blood can also be treated as a Casson fluid due to the
blood cells’ chain structure and the substances contained like protein, fibrinogen, rouleaux etc.
Hence the Casson fluid has its own importance in scientific as well as in engineering areas. The
revolution of the boundary layer behavior of a continuous stretching surface started with Sikiadis
[1]. Heat transfer characteristics of Casson fluid flow through an exponentially stretching sheet
in presence of porous medium and thermal radiation was discussed by Pramanik [2] and
concluded that an increase in the value of Casson parameter suppresses the velocity field.
Gnaneswara Reddy [3] investigated an unsteady two-dimensional flow of a non-Newtonian fluid
past a stretching surface in presence of thermal radiation and variable thermal conductivity.
Khalid et al. [4] studied the unsteady free convection flow of Casson fluid past an oscillating
vertical plate with constant wall temperature. Three-dimensional MHD boundary layer flow of
Casson nanofluid through a linearly stretching surface with convective boundary condition was
depicted by Nadeem et al. [5]. Akbar [6] studied the exact solutions of the magneticfield effect
on peristaltic flow of a Casson fluid in an asymmetric channel in presence of crude oil
refinement. MHD flow of Casson fluid over a stretching surface in presence of Dufour and Soret
effects was analyzed by Hayat et al. [7]. Khalid et al. [8] discussed an unsteady free convection
MHD flow of Casson fluid through an oscillating vertical plate embedded in a porous medium
with constant wall temperature. The stagnation-point flow of non-Newtonian incompressible
Casson fluid past a stretching surface in presence of Dufour and Soret effects was depicted by

Kameswarani et al. [9], in this study they showed that shrinking case reduces the velocity
boundary layer thickness and enhances the concentration boundary layer thickness. Hussanan et
al. [10] investigated the heat transfer and Newtonian fluid analysis on an unsteady boundary
layer flow of a Casson fluid through an oscillating vertical plate.The study of stagnation point
flow towards a stationary semi infinite wall was first introduced by Hiemenz[11] in a two
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dimensional case. In his work he reduced the Navier-Stokes equations into non linear ordinary
differential equations with the help of similarity transformations. The same problem was
extended by Homann [12]. Chiam [13] combined the works of Hiemenz and Crane i.e., the
stagnation point flow towards a stretching sheet when the stretching rate of the plate is equal to
the strain rate of the stagnation point flow and he found no boundary layer structure near the
plate. EI-Dab [14] obtained numerical solution of MHD flow of micropolar fluid with heat and
mass transfer towards a stagnation point on a vertical plate. In all these attempts, stagnation point
flow due to the stretching sheet was analyzed. The boundary layer flow over a shrinking sheet
was first investigated by Wang [15]. He dealt with stagnation point flow on a two dimensional
shrinking sheet and axi symmetric stagnation point flow on a axisymmetric shrinking sheet. In
contrast, Lok et al. [16] numerically studied non orthogonal stagnation point flow towards a
stretching sheet. In his work, he determined that the obliqueness of a free stream line causes the
shifting of the stagnation point towards the incoming flow. Many fluids in industries resemble
non-Newtonian behaviour. Non-Newtonian fluids are more appropriate than Newtonian fluids
because of their varied industrial applications like petroleum drilling, polymer engineering,
certain separation processes, food manufacturing etc. For non-Newtonian fluids, the relationship
between stress and the rate of strain is not linear and it is difficult to express all these properties
in a single constitutive equation. Casson [17] introduced this model to predict the flow behaviour
of pigment oilsuspensions of the printing ink type. Later on, several researchers studied Casson
fluid pertaining to different flow situations. The unsteady boundary layer flow and heat transfer
of a Casson fluid over a moving flat plate with a parallel free stream was studied by Mustafa et
al. [18]. The exact solution for boundary layer flow of Casson fluid over a permeable
stretching/shrinking sheet with and without external magnetic field was discussed by
Bhattacharyya et al. [19-20].

1.Mathematical Model:

We considered the flow of incompressible and electrically conducting Casson fluids. The flow is
steady and two dimensional due to a permeable sheet. Cartesian co-ordinates are used with sheet
lying along x-axis. A uniform magnetic field of strength act along y-axis. The induced magnetic

field is negligible. The fluid velocity is v=v(u,v,0), temperature is T and C is chemical

concentration while U is the velocity, and T, is the temperature, C_ the concentration of the free
stream.

Under the above assumptions the equations governing the problems are:
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(4)

Where p is density, W is dynamic viscosity coefficient, o is the electrical conductivity, k is the
thermal conductivity,cpis the specific heat capacity at constant pressure,vis Kkinematic

viscosityis the stream temperature, Q, is the volumetric rate of heat generation, £ is Casson fluid

parameter, R is the radiation parameter, « and S are the Stefan-Boltzmann constant, R is the
chemical reaction parameter,

The boundary conditions are:

V==+v,u=0,T=T,C=C, aty=0
0 y (@)

u(x)=u, =ax,v=-ay,T ->T,,C=C_aty >

Where a is constant proportional to the free stream velocity for away from the stretching sheet

Using similarity transformations:

The velocity components are described in terms of the stream function v (X, y):

u=8—‘/’, v=—a—"”, w(x y)=xJavf (), f7=y\ﬁ,
oy OX v

u=xaf’, v=—Jvaf, 6(n) Ll
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(5)

Equation of continuity (1) is identically satisfied.
Substituting the above appropriate relation in equations (2), (3) and (4), we get

D)t - 12 M- e DL t1-0)
B £ K
(4+3Rn)8" +3RnPr(f @' + 16+ Ecf " + ME f'?) = 0(7)
¢"+S.(f0'—ag)=0(8)
and the boundary conditions are

£/(0)=0, f(0)= A, 6(0)=1 ¢(0) =1
f'(c0)=1, 6(0)=0,g(x0) =0 (9)
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C, . 2 . .
Where P, = #>0 is the Prandtl number, Ec —— s Eckert number, A= D_is the

k Cp(Tw—Teo) pC.a

. o . . aK"'.
heat source (4<0) or sink (1>0), Re,, = uH, /—a is the magnetic parameter, K, =——is the
yo v
porosity parameter,and A=+ Yo_js the suction parameter.
av

3. Results and Discussion:

Finally, the equations of the motion as given above namely equation (6) to equation (9) are
required to be solved. These equations are difficult to yield any close form solution. In order to
obtain numerical solution of the problem, these higher order equations are reduced to first order
ODE’s which are then solved numerically with ND Solved command in Mathematica version
11.Relaible results for velocity and temperature and mass diffusion functions have been
computed for sufficient ranges of the physical parameters namely magnetic field parameter H,,

Casson flux parameter g, porosity parameter K, Prandtl number P, Radiation parameter R_,
heat source parameter A and Eckert number E_. The results are presented in the form of plots for

velocity and temperature distributions.
It is noticed that Casson parameter f cause increase in horizontal velocity component f 'shown

in fig.1.But increase in magnetic field strength and suction at the surface, both decrease the
velocity as depicted respectively in fig.2 and fig.3.
Fig.4 shows that the velocity decreases with increase in the value of porosity parameter K.

The temperature function &(7) increase in magnetic with increase in the values of magnetic field
H, , radiation parameter R and Eckert number E_as presented respectively fig.5, fig.6 and fig.7.
But the Prandtl number P, reduced the magnitude of temperature distribution as shown in fig.8.

The effect of heat source and sink parameter A is demonstrated in fig.9. The temperature increase
with increase in A(A1>0) and it decrease when A<0. The increase in the value of suction
parameter causes increase in temperature distribution as depicted in fig.10.

Fig.11 shows the mass diffusion 6(7)decreases with increase in the values of Schmidt number

S, . But the mass diffusion &(7)increases with increase in the values of solutal parameter o as
shown in fig.12.
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Fig.1: The plot for curves of f' under the effect of various values of f 4=0.1,

Pr=0.7, EC=0-1, al"ld Rn=0.1.
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Fig.2: The plot for curves of f’under the effect of magnetic parameter H,
whenA=1, P,=0.7, E.=0.1, #=1,1=0.1 and R,=0.1
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Fig.3: The plot for curves of f’ effect of Suction parameter A whenA=0.1, H, =2
Pr:0.7, Ec:().l, and Rn:O.l.
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Fig.4 The plot for curves of f'under the effect porosity parameter K, 2=0.1, H, =2, A=1,

P=0.7, £:=0.1, and Ry=0.1.
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Fig.5: The plot for curves of 6 under the effect of Magnetic parameter H,
when, A=1, E£.=0.1, and P,=0.7
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Fig.6: The plot for curves of & under the effect of radiation parameter R, whenA=0.1,H, =2, A=1,
P=0.7, £:=0.1, and Ry=0.1.
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Fig.7: The plot for curves of & under the effect of heat source parameter A whenH_ =2, A=2,
Pr:0.7, ECZO.I and Rn:O.l.
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Fig.8: The plot for curves of & under the effect of Prandtl number P, when, H, =2, A=1,

Pr=0.7, EC=0-1 al"ld ano.l.
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Fig.9: The plot for curves of & under the effect of Eckert number Ec wheni=0.1,H, =2, A=1,
Pr:0.7, ECZO.I ,and ano.l.
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Fig.10: The plot for curves of 8 under the effect of suction parameter whenA=0.1, H, =2

Pr=0.7, EC=0-1 al"ld ano.l.
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Fig.11: The plot for curves of ¢ under the effect of Schmidt parameter S, when1=0.1, A=1,

P,=0.7, £=0.1 and R,=0.1.
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Fig.12: The plot for curves of ¢under the effect of  4=0.1, S=2,

P=0.7, £.=0.1 and R,=0.1.
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