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ABSTRACT

In present paper we investigated the effect of MHD convective steady flow and heat transfer through a porous medium
over a shrinking sheet with suction using shooting procedure with fourth order Runge-Kutta Method. The velocity,
temperature distributions are calculated for different governing parameters. The effect of various non-dimensional
parameters like magnetic parameter (M), suction parameter(S), permeable parameter (K) areinvestigated with the aid
of graphs.
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1. INTRODUCTION

The Magnetohydrodynamics flow and heat transfer over a shrinking sheet has many applications such as metal
spinning, glass fiber production, wire drawing, paper production and polymer processing and many others. This fluid
flow has received attention of many researchers due to its applications. The technique of this flow is mainly used in
purification of molten metal from non-metallic inclusion.

Andersson [1] studied the slip effects on boundary layer stagnation-point flow and heat transfer towards a shrinking
sheet and later it was extended by Santosh Chaudhary and Pradeep Kumar [10] for viscous, incompressible, electrically
conducting fluid near a stagnation point past a shrinking sheet with slip in the presence of a magnetic field. Cortell [5]
studied the heat transfer of a fluid flow through a porous medium over a stretching surface.

Wang’s [12] studied the stagnation point flow towards a shrinking sheet. Crane [4] studied a closed form solution for
the steady two-dimensional flow of an incompressible viscous fluid caused by the stretching of an elastic sheet. Gupta
and Gupta [7] extended the work of Crane by investigating the effect of mass transfer on a stretching sheet with suction
or blowing with uniform temperature.

Bhattacharyya and Pop [3] studied MHD boundary layer flow due to an exponentially shrinking sheet. Ahmad et.al [2]
investigated MHD flow and heat transfer through a porous medium over a stretching/shrinking surface with suction. Jat
and Gopi [8] analyzed steady two-dimensional laminar flow of a viscous incompressible electrically conducting fluid
over an exponential stretching sheet in the presence of a uniform transverse magnetic field with viscous dissipation and
radiative heat flow is studied. Elbashbeshy [6] furnished numerical findings about flow and heat transfer over an
exponentially stretching surface subjected to mass suction. VVyas and Srivastava [11] discussed radiative MHD flow
over a non-isothermal stretching sheet in a porous medium. Sajjad and Farooq [9] considered unsteady MHD flow and
heat transfer for Newtonian fluids over an exponentially stretching sheet.

The aim of this paper is to study the effect of magnetohydrodynamic steady flow over an shrinking sheet with suction
condition through porous medium. The equations with the boundary conditions are then solved numerically by fourth-
order Runge-Kutta scheme together with shooting method. The pertinent findings are discussed graphically.
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2. MATHEMATICAL ANALYSIS

Consider steady, two-dimensional laminar flow of viscous fluid through porous medium due to shrinking sheet. The
fluid is electrically conducting. Magnetic field B, is applied in normal direction to the sheet. A convective heat source
with heat flux boundary conditions provides temperature T, at the surface. The Cartesian coordinates are used. The
x-axis is along the sheet and y-axis is perpendicular to it. The induced magnetic field is neglected. The governing
equations of the motion are:
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In the above system of equations, u and v represent velocity components in x and y directions respectively. u, p,o
andy = (u/p) represent respectively the coefficient of viscosity, density, electrical conductivity and kinematic
viscosity of the fluid. The constant parameters in the system are: k' and C, respectively the permeability of porous
material and specific heat at constant pressure.

The appropriate boundary conditions are,
u=cx, v=—v,aty=0, —k’ [g—;] =q, =Ex*aty=0 4)
u—-0 T->0 asy—-oo (5)

3. SOLUTION OF THE PROBLEM

In this work, similarity technique is used to solve the system of equations (1)-(3) along with the boundary conditions
(4) and (5). The similarity transformations are,

u=cxf'(n), v = —yef (1) (6)
T—T, =E°k—’,“9(n) )

wheren is similarity variable defined as n = y\/% is dimensionless variable. E, is positive constant, g,, is the ratio of

heat transfer.

Introducing the above transformations in equations (1) - (3). The equation (1) is readily satisfied and the equations (2)
and (3) becomes:

nr n I 1 !
A= = M2+ Df = 0, ®)
0" + Prfe' —2Prf'6 — M?Brf'? = 0, 9
2
where K = % represents the permeability of porous medium, M? = %" represents the magnetic parameter,
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Pr = ,uCp/K " represents the Prandtl number and Br = \/% denotes the Brinkman number.

The boundary conditions (6) and (7) transform to the following form,

f(0) =S5, f'(0) = £1, 6'(0) = -1,

f'(0) =0, 6(0) =0 (10)
Here f” = v and 8’ = z are the initial guesses which are arbitrarily chosen and an iterative procedure is set to obtain
solutions through Runge-Kutta fourth-order method. The computational procedure involved to find the maximum value
of » for which f°(0) — 0 and d(y) — 0 at # — o and find the proper estimates for the unknown quantities f’” (0) and
6’ (0).

It is not out of place to make remark that the “guesses” were made purely on hit and trial basis and their refinement was
interpolated iteratively with the prescribed error tolerance. A grid independence study was also carried out to examine
the effect of step size An. A step size of Ay = 0.1 was found to be satisfactory for a convergence criterion of 10~¢in all
cases.

The process is repeated until we obtain the correct results upto the desired accuracy of 107° level.

The non-linear coupled ordinary differential equations (8) and (9) subject to boundary condition (10) are reduced to a
system of first order ordinary differential equations as follows,

flf=w, w =y, v’=—xv+(w*w)+(MZ+%)w, (11)
0' =z z = 2Prwy — Prxz + M?Brw? (12)
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and boundary conditions become,
x(0) =S, w0)=1, z(0)=-1atn=0 (13)
w(0) - 0,y(0) > 0asn - o (14)

4. RESULTS AND DISCUSSION

The equations (8) and (9) are solved subject to the boundary conditions (10). The numerical results have been
computed by using Mathematica 6.0 software. The effects of the physical parameters namely magnetic parameter M,
suction parameter S and permeability parameter K have been noticed on velocity and temperature distributions. The
results have been presented graphically. The effects of various parameters on the velocity profiles are depicted in
figures (1)-(3). The effects of various parameters on the temperature profiles are depicted in figures (4)-(6).
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Figure-1: Velocity f'(n) for various values of Magnetic field M
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Figure-2: Velocity f'(n) for various values of Suction parameter S

Figure 1 shows the variation in f'(;) with respect to the magnetic parameter M. The velocity profile f'(n)increases
numerically with increasing values of M.Figure 2 demonstrates the variation in f’(n) with respect to suction parameter
S. The velocity profile f'(n) decreases numerically with increasing values of S. Figure 3 depicts the variation in f'(7)
with respect to the permeability parameter K. The velocity profile f'(n) increases numerically with increasing values
of K.
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Figure-3: Velocity f'(n) for various values of Permeability parameter K
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Figure-4: Temperature profile 8(n) for various values of Magnetic field M

Figures (4) - (6) depict the variation in 6(n) for various values of magnetic parameterM, suction parameter S and
permeability parameter K. The Fig-4, Fig-5 and Fig-6 respectively show that the temperature 6(n) decreases with
increasing values of magnetic parameter M, suction parameter S and permeability parameter K.

Pr=0.71,M=1.0,K=0.5,8r=0.1

Figure-5: Temperature profile 6(n) for various values of Suction parameter S
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Figure-6: Temperature profile 8(n) for various values of Permeability parameter K

5. CONCLUSION

We have investigated the effect of magnetohydrodynamicconvective steady flow and heat transfer through a porous
medium over a shrinking sheet with suction using shooting procedure with fourth order Runge-Kutta Method. The
effects of various parameters on the flow and heat transfer are observed from the graphs, and are summarized as

follows:
>

Velocity profile increases as we increase the values of magnetic parameter M and permeability parameterK. It
is also observed that velocity profile decreases as we increase the values of suction parameter S.

» Temperature profile decreases as we increase the values magnetic parameterM, permeability parameterK and

suction parameter S.
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