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Abstract— in this paper, we analyzed the effect of a suction and Soret number on heat and mass transfer
Magneto Hydrodynamics (MHD) flow past an exponentially stretching sheet with the heat source/sink.
Appropriate similarity transformations were employed to convert the governing partial differential equations to
a set of highly non-linear ordinary differential equations, which was then solved numerically by Runga kutta
sixth order method together with shooting technique. The Numerical results are obtained for the skin friction
coefficient, Nusselt and Sherwood numbers for selected values of the governing parameters, such as the suction,
magnetic field parameter , viscous dissipation parameter , heat generation parameter , Schmidt number , and
the chemical reaction rate parameter . Besides, it is obtained that the concentration profile decreases with an
increment of the Schmidt number. A comparison was made with a previous study available in the literature and
we found that it is in a good agreement.
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1. INTRODUCTION

Magneto Hydrodynamics (MHD) boundary layer flow of heat and mass transmit over a stretching sheet has
wide applications in industrial and manufacturing process. Some of applications are hot rolling, wire drawing,
glass-fiber, and paper production, drawing of plastic films, metal and polymer extraction, and metal spinning. In
the process of manufacturing the following activities like simultaneous heating or cooling and kinematics of
stretching has a decisive influence on the quantity of the final products (Magayari and Keller [1]). The first
person who investigated the similarity solution for laminar boundary layer flow and the transfer of heat over a
stretching surface was Crane [2]. Later, many researchers have studied on the stretching sheet problems and
presented a detailed analysis by including different aspects, such as heat flux, permeability and unsteadiness
characteristics, etc. Carragher and Crane [3], Dutta [4], Grubka and Bobba [5], Elbassebeshy [6], Elbashabeshy
and Bazid [7], Mahapatra and Gupta [8] are among the researchers who studied on it. Recently Mukhopahyay
[9] presented heat transfer and Magneto Hydrodynamics (MHD) boundary layer flow towards an exponentially
stretching sheet embedded in a thermally stratified medium subject to suction. He has shown that increasing the
magnetic parameter reduces the fluid velocity. Viscous dissipation has extensive industrial applications: for
example, a considerable temperature rises are observed in polymer processing flows such as injection modeling
or extraction at high rates. Aerodynamic heating in the thin boundary layer around high-speed aircraft raises the
temperature of the skin. The processes of converting mechanical energy of downward flowing water into
thermal and acoustical energy are dissipation. Jena et al. [10] considered the diffusion-thermo (Dufour) and
thermal diffusion (Soret) impact on MHD visco-elastic fluid flow over a porous vertical stretching sheet subject
to variable magnetic field embedded in a porous medium in the attendance of chemical reaction and heat
source/sink.

Seini and Makinde [11] have examined and MHD boundary layer flow of a viscous incompressible steady
fluid over an exponentially stretching sheet with the impact of a homogeneous chemical reaction and radiation.
Their result indicated that raising the values of the transverse magnetic field and radiation parameter reduce heat
transfer rate at the surfaces. Heat and mass transfer on a boundary layer of an electrically conducting viscous
fluid through a porous media over an exponentially stretching sheet with an impact of a magnetic field was
investigated by Swain et al. [12]. In their study, they also considered the effect heat source/sink and thermal
radiation. In the context of exothermic and endothermic chemical reactions, heat generation is very valuable.
Mass transfer effect on MHD flow past an impulsively started infinite vertical plate was presented by Shankar
and Kishan [13]. Furthermore, flow on an MHD boundary layer, heat and mass transfer of an incompressible
viscous and radiating fluid due to an exponentially stretching sheet were studied by Devi et al. [14].

An MHD flow on a boundary layer and the characteristics of heat transfer of a non-Newtonian visco-elastic
fluid over a flat plate with a linear velocity in the attendance of non-uniform heat source and thermal radiation
were inspected by Abel and Mahesha [15]. In addition, the MHD flow of a Newtonian liquid and the properties
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of heat and mass transfer over an exponentially stretching sheet with radiation effect have been examined by
Kameswaran et al. [16]. Their result showed that the Prandtl number and radiation parameter have an inverse
effect on temperature profile. Moreover, Khalili et al. [17] examined MHD boundary layer flow past an
exponentially stretching with chemical reaction, radiation and heat sink. They have observed that the reaction
rate parameter affected the concentration profiles significantly and the concentration thickness of boundary layer
decreases when the reaction rate parameter increases.

A vast body of knowledge encompassing analytical and numerical studies explaining various aspects is now
available on the stretching flow [18]-[27]. To the best of the author's knowledge, the effect of chemical reaction
and viscous dissipation on MHD flow past an exponentially stretching sheet with a heat sink is not studied
adequately in a comprehensive way. Hence, this problem is investigated. The aim of this investigation is to
discuss such a flow problem. Similarity variables have been used to transform the governing partial differential
equations into nonlinear ordinary differential equations. So as to reveal the impact of various governing
parameters on the velocity, a temperature, concentration, coefficient of skin friction, Nusselt number and
Sherwood number a parametric analysis is accomplished and discussed in detail.

2. MATHEMATICAL FORMULATION

In this article, a laminar two dimensional steady flow of an incompressible viscous, electrically conducting
fluid over a continuous exponentially stretching surface is considered. The origin of the system is positioned at
the slit from which the sheet is drawn. In this the frame of the x-axis is taken along the path of the continuous
stretching plane.

Figure .1 Schematics of the problem.

The y- axis is measured normal to the surface of the sheet. The sheet velocity supposed to vary as an
exponential function of the distance x from the slit. The temperature and concentration far away from the fluid
as displayed in Figure 1 are denoted by respectively. The concentration differences and ambient temperature
sheet are also supposed to be exponential functions of the distance x from the slit. A variable
magnetic field T and C,,  of strength pertained normal to the sheet is denoted by. The variable chemical
reaction is imagined to be ki(x) and variable heat sink parameter Q*(x), where ko and Qo are constants. The
parameters Tw, Cw, and By stand for the temperature at the surface of the sheet, concentration at the surface of
the  sheet and magnetic field strength respectively.

Under  above B(x) assumptions, the governing equation of the momentum, heat and mass transfer
transports subject to viscous dissipation and heat generation can be written as:

Z+=0 (1)

uz—:+ vi—i=v%—@u (2)
“%+”:{=;Tpg+i"—f;(1"—m+;‘:(z—i)f 3)
uz—c—k Lz—c—Dz;__i_ki(C_ij 4)

The velocity components in x and y direction are symbolized by u and vii[respectively. The kinematic
viscosity v, the fluid density p, the temperature of the fluid T, the thermal conductivity k ,the specific heat at
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constant temperature C,, the boundary layer fluid concentration C, the mass diffusivity D, and the rate of
chemical reaction parameter is represented by k.
The boundary conditions associated for the velocity, temperature, and concentration profiles are

Oguodooooodod ooo  ogo
X
u="U, =Uyel,v = -V, (x) (5)
X
T=T,=T,+ Tex aty =0
X
C=C,=C,+ CyeL
u—0T—T,C—>C,,asy—w® (6)

Where Uy is the uniform velocity of the sheet and L is the reference length. Introducing the following
dimensionless quantities the mathematical analysis of the problem is simplified as

X

X .
S ey = Ugelf (o)

n=

v= ‘«E”"é (Fe) +nf ()
T =T, + T,e6(n),

c=c, + Cﬁeﬁgﬁ(n), (M

B(x) = Boe%,

K,(x)= Koeg,

Q*(x) = Qoe,

X
V,.(x) = Ve,

Where 7 is the similarity variable, f{y) is the dimensionless stream function , () is the dimensionless
temperature and ¢ (7) is the dimensionless concentration, u and v are also defined using the stream function as:

%

u = a}' anda v = ax

Which satisfy equation (1).Then by using the similarity transformation, the governing equations (2)-(4) are
transformed into ordinary differential equations as follows :

"+ ff'—=2f*—Mf'=0 (8)
8"+Pr(fo'—f0+50+Ecf"”)=0 (9)
(10)

¢"+ Se(fep'— f'o—kig) =0
With the boundary conditions as:
£(0)=5,£(0)=1,6(0)=1,4(0) =1 atn=0 )

f=08(n =06 =0asy-u

The parameters involved in the above equations are the Eckert number Ec, magnetic parameter M, Prandtl
number Pr, heat generation §, Schmidt number Sc, chemical reaction rate parameter ki, and the Suction
parameter S. These parameters are defined by:
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The physical quantities which are involved are the skin friction coefficient, the local Nusselt number, and the
Sherwood number .These quantities can be defined as

” — Erw- (13)
ply,~
Ny = —Zu (14)
k(T —Tm)
Sh=—J (15)
D(Cy—Cu)

Where 7, qQujw are the shear stress, heat flux, and mass flux at the surface respectively and they are defined
by:

du —uly [Re = - (16)
w=u(z) =T T ©
I . 17
—k{ ) kTwT I|R e-LB(IJ) (17
. _ _nf8c —D(Cy—C |Rs (18)
jo=-D (6)_)}_:[’ = e ¢/(0)

Using equations (16)-(18), equations (13) — (15) can be transformed into

ﬁ =—£7(0) (19)
FE= 0O o
AR

FE- 0O o
VL=

Where u is the coefficient of viscosity and Re _Yob js the Reynolds number.
14

3. SOLUTION

The transformed ordinary differential equations (8)-(10) along with the boundary conditions (11) are solved
using Mathematica package with inbuilt Runge Kutta Sixth order method using NDSolve command. The
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supposed step size 0.01 and the accuracy convergence were set to five decimal values before solving the
problem using Mathematica.

4, RESULTS AND DISSCUSION

The transformed ordinary equations of momentum, energy, and concentration (8)-(10) subjected to the
boundary conditions were numerically solved by using Runge Kutta sixth order method using NDsolve
algorithm in Mathematica package. We obtained the graph of velocity, temperature, and concentration profile
for diverse values of governing parameters .The results obtained are displayed through tables and figures. The
coefficient of skin friction for various values of the magnetic parameter and for a fixed values of
S=Ec=Pr=6=k1=Sc=0 is displayed in Table 1.We have observed that an increase of magnetic parameter M
raises the skin friction coefficient; as a result of the opposition to the flow caused by the induced Lorentz force.
The present result is in a good agreement with the previously published results.

TABLE I. A COMPARISON OF THE SKIN FRICTION COEFFICIENT FOR DIFFERENT VALUES OF M AND
FOR S=EC=Pr=6=k;=5c=0 —f7)

_fn’n’(oj
M Kameswaran et al. [16] Sa;let Present
[28]
0 1.28181 1.29038 | 1.28186
1
1 1.62918 1.63038 | 1.62919
0
2 1.91262 1.91285 | 1.91262
5
3 2.15874 2.15879 | 2.15874
3
4 2.37937 2.37938 | 2.37938
2

Fig. 2 displays the suction parameter consequence on the velocity profile. We observed that the velocity
profile decreases with an increase in the suction parameter. The impact of the suction parameter on the
temperature profile is illustrated by Fig. 3. It is watched that the temperature profile is reduced with an
enhancement of the suction parameter . The thickness of the thermal boundary layer lessened with an increase of
the suction parameter. The influence of the suction parameter on the concentration profile is displayed using
Fig. 4. Thus, we observed that an increment o the suction parameter S reduces the concentration profile. Fig. 5
shows the influence of a viscous dissipation parameter on the temperature field. It is seen that the thickness of
the thermal boundary layer higher with an enlargement of viscous dissipation parameter . Fig. 6 exemplifies the
heat generation parameter influence on the concentration profile. It is watched that the heat generation
parameter reduces the concentration profile. The Schmidt number and chemical reaction impact on the
concentration profile is shown by Fig. 7 and Fig. 8, respectively. The result has displayed that, an increment of
both parameters reduces the concentration profile. In the case of Schmidt number , increasing the size of means
decreasing the diffusivity of the fluid, this causes the fluid less concentrated. The influences of magnetic field
parameter on the velocity field and temperature profile are shown by Fig. 09 and Fig. 10, respectively. It is
obtained the temperature profile increases while the velocity profile decreases with an increment of . Since a
Lorentz force is created due to the occurrence of that slows down the motion of the fluid, as a result, the
distribution of velocity is reduced and the thermal boundary layer thickness is increased.

5. CONCLUSION

In this article, the effect of different flow parameters on the dimensionless velocity profile, temperature profile,
the concentration profiles were considered. The governing problem was solved numerically using RK sixth
order method along with shooting technique. It is observed that:

(i) Increment of has a reducing effect on the velocity, temperature and concentration profiles.

(if) An increase of the viscous dissipation parameter increases the temperature profile,

(iii) Increasing the heat generation parameter enhances the temperature profile.

(iv) As the values of and increases the concentration profile decreases.
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Fig.7: The impact of &= Schmidt number on the concentration profile.
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Fig. 10: The impact of M Magnetic parameter on the
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Fig.8: The impact of K1 chemical reaction parameter on the concentration profile.
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