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ABSTRACT

This research article explores on the steady of the two-dimensional buoyancy effects
on MHD Casson fluid flow over a stretching of permeable sheet through a porous
medium in the occurrence of suction/injection. The central PDEs are changed into
ODEs by applying similarity transformations and the changed equations’ solutions are
got by Runge-Kutta fourth order along with a shooting technique. The working fluid
flow is considered for numerous different parameters graphically. It has been observed
that velocity decreases, temperature and concentration increase when magnetic field
and permeability of porous parameter increases.
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1. INTRODUCTION

Owing to the badly need for good understanding of associate transfer phenomena heat transfer
through a porous medium has become an interesting subject for last three decades. There is
large number of practical applications in modelling transport through porous media in literature
insensible heat storage beds and beds of fossil fuels such as oil shale and coal, salt leaching in
soils, packed sphere beds, chemical, high performance insulation for buildings, chemical
catalytic reactors, mechanical, environmental, grain storage, migration of moisture through
their contained in fibrous insulations, geological, heat exchange between soil and atmosphere,
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solar power collectors, electrochemical processes, insulation of nuclear reactors, regenerative
heat exchangers and geothermal energy systems, petroleum and many other areas.

Kuznetsov et.al [1] has examined the normal convection limit layer stream of a nanofluid
past a vertical plate. Nabil et.al [2] examined in his paper on MHD stream of non-Newtonian
visco-versatile liquid through a permeable medium close to a quickened plate. Nabil et.al [3]
represents Non-Darcy couette course through a permeable mode of MHD visco-flexible liquid
with warmth and mass exchange. M. Hameedet.al [4] contemplated Unsteady MHD stream of
a non-Newtonian liquid on a permeable plate. Rajesh [5] broke down MHD impacts on free
convection and mass change course through a permeable medium with variable temperatures.
Sengupta [6] studied Thermal dispersion impact of free convection mass exchange stream past
a consistently quickened permeable plate with warmth sink. Bhattacharya [7] talked about
impacts of warmth source/sink on MHD stream and warmth move over a contracting sheet with
mass suction. Turkyilmazogluet.al [8] have examined Soret and warmth source impacts on an
insecure radiative MHD free convection stream from a rashly begun endless vertical plate.
Narahari [9] contemplated a precise arrangement of precarious MHD free convection stream of
an emanating gas past an interminable slanted isothermal plate.

Nadeem et.al [10] has displayed MHD three-dimensional Casson liquid stream past a
permeable straightly extending sheet. Haget.al [11] has contemplated convective warmth move
and MHD impacts on Casson nanofluid stream over a contracting sheet. Kameswaraniet.al [12]
broke down double arrangements of Casson liquid stream over an extending or contracting
sheet. Babuet.al [13] talked about radiation impact on MHD warmth and mass exchange stream
over a contracting sheet with mass suction.

Kirubhashankar et.al [14] examined Casson liquid stream and warmth move over a shaky
permeable extending surface. Maboodet.al [15] has contemplated MHD limit layer stream and
warmth move of nanofluids over a nonlinear extending sheet. Kataria et.al [16] examined
radiation and synthetic response consequences for MHD Casson liquid stream past a swaying
vertical plate implanted in permeable medium. Raju et.al [17] additionally examined warmth
and mass exchange in magnetohydrodynamic Casson liquid over an exponentially penetrable
extending surface. Mabood et.al [18] displayed impacts of Soret and non-uniform warmth
source on MHD non-Darcian convective stream over an extending sheet in a dissipative
micropolar liquid with radiation.

Yasin et.al [19] examined MHD warmth and mass exchange stream over a porous
extending/contracting sheet with radiation impact. Bhattiet.al [20] examined head-on impact
between two hydroelastic single waves in shallow water. Katariaet.al [21] examined warmth
and mass exchange in MHD Casson liquid stream past over a wavering vertical plate implanted
in permeable medium with inclined divider temperature. In this warmth and mass exchange
numerous creators [22]-[26] talked about.

2. MATHEMATICAL FORMULATION

Let us take a steady 2D, electrically conducting non-Newtonian Casson fluid flow of a viscous
and incompressible over a permeable stretching sheet is considered. The stretching sheet’s

velocity is taken in the form i[uw (x)} with 1 € (0, OO)for a stretching surface. Here horizontal

and vertical axes are taken on the stretching surface and the normal to it, respectively. Beside
the flow is being confined to 4 € (0, 00). It is considered that the surface is permeable and the

mass flux velocity V. For suction and injection Vy is negative and positive respectively.
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The rheological properties of Casson fluid for an isotropic and incompressible flow is given
by Eldabe et al [27] and Mustafa et al [28].

2(,uB +p, /\/ﬂ)eu, >,
T =

Z(yB +p,/ 27zc)eij, <7,

where g is the plastic dynamic viscosity of the non-Newtonian fluid, P, is the yield stress
of the fluid , 77 - the product of the component of deformation rate with itself, 7 = €;€;,€;is
the (i, j)th component of the deformation rate , and 7 - the critical value of 77 based on non-
Newtonian model.

The following are taken into consideration:

T, =constant temperature at surface of the sheet
CW =concentration at the surface of the sheet
T_ =constant temperature of ambient fluid

Coo- =concentration of ambient fluid

Yasin et al. [19] in their research article proposed the system of equations which model the
flow as:

u,+u, =0, 1)

1 B;
uu, +vu, ZV[lJFEJuW —[Gp +%ju+gﬂr (T-T.)+g94(Cc-C,) @

pCp(uTX+VTy):a(pCp)Tyy—qry+Qo (T-T,) .

uC, +vC, =D,C, -k, (C-C,) @
Here u=velocity component in X— axes direction

v = the velocity component in Y —axes direction,

T =the fluid temperature,

C = the concentration,

V= kinematic viscosity of the fluid,
o =thermal diffusivity of the fluid,
L = the density of the fluid,

D; =Brownian diffusion coefficient,

Cp =specific heat at constant pressure,
O =electric conductivity of the fluid,

B0 =applied uniform magnetic field normal to the surface of the sheet,
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_ | heat source if Q,>0
% = heat sink if Q,<0
g=acceleration due to gravity

;= the coefficient of thermal expansion,

B, =the coefficient of solutal expansion

k" =porous medium permeability coefficient

and ko = the constant chemical reaction rate.

We consider that constrains (1)—(4) are subjected to the boundary conditions:
V=Vv,,u=2u,(x),T=T,C=C,, aty=0
u—>0T->TC—>C,_ asy—ow

®)

where we assume that U, (X)=ax, with a>0,

The energy Equation (3) is expressed as (by applying Rosseland approximation (Brewster,
1992) and Suneetha et al. [22]):

UT, +VT, = a(1+(3kk*)_116a*Tj)Tyy -Q°(pC,) (T, -T) o
herek = thermal conductivity, "= Stefan-Boltzmann constant and k*= mean absorption
coefficient.

The similarity solution of (1), (2), (4) and (6) are obtained as:
3 172 _ (T,-T) _ (C, _C) _ 2
y=(av) " xf (77),9(77)——(10 T (1) = c.—c)"" y(a/v) o

Here l//(X, y)= stream function, which is defined in the usual way as u=a¥/ay,and
v =—-0y [ ox. Thus, we have:

u=axf’'(n),v= —(av)ll2 f(n)

(8)
Hence the parameter S having no dimension is described by:
S =-v, (av)_l/2 9)
) i positive, for suction
S is the constant mass flux with S = i L
negative, for injection
The following ODEs are got by putting (7) in (2), (6) and (4)
(1+B) "+ B( "= 17 —(M+K) f'+Gro+Geg)=0 (10)
3+4R
0"+ f60'+Q0=0 11
[ 3Pr j Q (1)
¢" +Scf ¢’ —ScKrg =0. (12)
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The corresponding boundary conditions:

f(n)=5.F(n)=2.6(7)=1, $(n)=1 aty=0 )
/(1) > 0,0(1) > 0,4 (17) >0 as 7 - o0 (19

The constants Pr,Sc, M, R, Gr, Gc, Q, K and Kr are not possessing any dimension and their
description are given below

Constants Description

Pr Prandtl number

Sc Schmidt number

M Magnetic parameter

R Radiation parameter

Gr Thermal Grashof number
Gc Solutal Grashof number
Q Heat source/sink parameter
K Permeability parameter
Kr Chemical reaction parameter

Pr=va,Sc=vD;',M =oB2p ™ R=(kk') 40°T?,
Gr = (azx)fl 94 (T,-T,),Gc= (azx)f1 94.(C,-C,).Q= (apCp)_l Q.

K :(k'a)_lv, Kr:a_lkO,Sr:& ﬁ
v \C,-C,

(14)
The most important quantities in the above phenomenon are given by
C, = skin friction coefficient,
NU, = local Nusselt number
Sh, =local Sherwood number,
2
C, =1,/ puy (x),Nu, =xq, /k(T,-T,),Sh,=xa, / Ds (C, -C,) (15)
here 7, =skin friction or shear stress, J,, =heat flux and (, = mass flux from the sheet,
which are given by:
au j (8T j (ac j
te=ul | = | +(4) 0 ="Ds| | .
[ay y=0 Y Jyo e "\ oy y=0 (16)
here £ =fluid’s dynamic viscosity.
By (7), (15) and (16), one can get:
Re.C, = £(0), Nu, =_[3+4Rj9,(0), sh, __4(0),
JRe, 3 Re, (17)

Where Re, = uW(X)X/V is the local Reynolds number.
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3. RESULTS AND DISCUSSION

The similarity transformation changes the non-linear PDEs (2)—(4) into ODEs. The set of non-
linear ODEs (10)—(12) with boundary conditions in (13) can be solved numerically using
4"order Runge—Kutta method along with shooting method and the corresponding MATLAB
software is provided.

Figure (2)- (4) speak to the velocity, temperature and focus profiles for various estimations
of attractive parameter. It is seen that an augmentation of an attractive parameter gets an
improvement Lorentz power so velocity profiles diminishes with increment in attractive
parameter. It is additionally seen that the temperature and fixation increment as the attractive
parameter increment in both the instances of suction and infusion fundamentally after certain
separation ordinary to the sheet. Figure (5)- (7) portray the velocity, temperature and fixation
profiles for various estimations of Permeability parameter (K). It is seen that the velocity
diminishes with expanding K and it is likewise seen that the temperature and focus profiles
increment with expanding estimations of K for both the instance of suction and infusion
separately. Physical parts of velocity, temperature and focus profiles are thought with the guide
of figures (8), (9) and (10) individually. It is seen that the velocity profiles increment with an
expansion in Grashof number (Gr) due to Gr impact of warm lightness power to the gooey
hydrodynamic power in the limit layer thickness. Here Gr expands the temperature and focus
decline for both the instances of suction and infusion parameter.

The effect of the changed Grashof number (Gm) on the velocity, temperature and fixation
profiles are appeared in figures (11)- (13). It was discovered that the expansion in the Gm
expands the velocity. Be that as it may, turn around pattern is seen in the temperature and
fixation profiles for the instances of suction and infusion. Figures (14) and (15) demonstrate the
varieties in velocity and temperature profile separately. It is seen that the velocity and
temperature fields are expanding for rising estimations of the warm radiation because of this
expansion the limit layer broadness in both the instances of suction and infusion. Impact of
Prandtl number (Pr) on the velocity, temperature and focus profile are exhibited in figures
(16),(17) and (18) individually. It is seen that the velocity is diminished with expanding Prandtl
number. Physically, it is genuine in light of the fact that an addition in the Pr is because of an
expansion in the consistency of the liquid, which makes the liquid thick and subsequently it
diminishes in the liquid of the velocity both the instances of suction and infusion. It is seen that
the temperature just as the warm limit layer thickness decline because of the expansion of Pr.
The switched pattern is seen on the focus field both the cases suction and infusion.

Impacts of warmth source parameter on the velocity, temperature and fixation profiles are
appeared in figures (19), (20) and (21) separately. It is seen that as warmth source parameter
increment, velocity and temperature increment. However, turn around pattern is seen in the
focus profiles for both the instances of suction and infusion. Impact of the Schmidt number (Sc)
on the velocity, temperature and focus profiles are appeared in the figures (22), (23) and (24)
separately. It tends to be reason that the velocity and fixation profiles decline with the expansion
in Schmidt number and furthermore it is seen that temperature increments with the expansion
in Sc. Figures (25), (26) and (27) speak to the velocity, temperature and focus profiles for
various estimations of concoction response parameter. It is seen that the velocity and fixation
profiles decline with the expansion in concoction response parameter. It is additionally seen
that the temperature field increments with the expansion in substance response parameter. Figs
(28), (29),(30) shows the impact of Casson liquid parameter(p) on the velocity , mild and focus
profiles. It was discovered that the Casson liquid parameter expands the liquid thickness builds
this causes the reductions the liquid velocity yet switch pattern saw in the temperature and focus
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profiles increments when expanding the Casson liquid parameter because of warm and mass
diffusivity.
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Figure 4 Concentration profiles for different values of Magnetic Parameter (M)
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Figure 10 Concentration profiles for different values of Grashoff number (Gr)
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Figure 13 Concentration profiles for different values of modified Grashoff number (Gm)
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Figure 16 Velocity profiles for different values of Prandtl number (Pr)
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Figure 19 Velocity profiles for different values ofheat source parameter(Q)
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Figure 22 Velocity profiles for different values of Schmidt number (Sc)
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Figure 28 Velocity profiles for different values Casson fluid parameter (B).
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4. CONCLUSIONS

The above research discussion proposed the influence of heat source, mass transfer and
radiation on steady 2D MHD flow of Casson fluid over a permeable stretching sheet through
porous medium in the presence of suction/injection using Applied Numerical Analysis. The
conclusions of the above discourse are:

e Velocity increases when Gr, Gm, R and Q increase.

e Velocity decreases when M, K, Pr, Sc and Kr increase

e M, K, R, Q, Scand Kr increase with increase in temperature.

e Gr, Gm and Pr increase with decrease in temperature.

e Concentration increases when M, K and Pr increase.

e Concentration decreases when Gr, Gm, Q, Sc and Kr decrease.
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