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ABSTRACT: This article examines MHD flow and heat transfer through a porous medium over a shrinking surface with
suction. The governing partial differential equations of fluid motion are converted into ordinary differential form by using
similarity functions. The resulting equations have been solved numerically to observe the effects of physical parameters of this

study namely magnetic parameter M ?, permeability paramete K, suction parameter A and Prandt number Pr. Results are

presented in graphical form.
AMS Subject Classification: 76M20.
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1. INTRODUCTION

The flow and heat transfer over a stretching surface bears
important research interest due to its various applications in
industries such as hot rolling, wire drawing, glass fiber
production, manufacturing plastic films and extrusion of a
polymer in a melt spinning process. Sakiadis [23, 24] was the
first to propose and analyze the surface stretching problem
based on the boundary layer approximation. Crane [9] gave a
closed-form solution for the steady two-dimensional flow of
an incompressible viscous fluid caused by the stretching of
an elastic sheet, which moves in its own plane with a
velocity that varies linearly with distance from a fixed point.
Gupta and Gupta [13] extended the work of Crane [9] by
investigating the effect of mass transfer on a stretching sheet
with suction or blowing for linear surface velocity subject to
a uniform temperature. Magyari and Keller [17] introduced a
new type of the stretching sheet problem by considering the
flow due to a sheet stretched exponentially in its own plane,
and they investigated also the heat transfer characteristics for
the flow taking the exponentially varying wall temperature.
Barik et al. [7] studied heat and mass transfer on MHD flow
through a porous medium over a stretching surface with heat
source.

Miklavcic and Wang [18] obtained the solution for steady
two-dimensional, as well as axisymmetric viscous, flow over
a shrinking sheet. Wang [25] studied two dimensional
stagnation flow towards a shrinking sheet. Muhaimin et al.
[19] observed the effects of heat and mass transfer on MHD
boundary layer flow past a shrinking sheet subject to suction.
Cortell [10] discussed MHD viscous flow caused by a
shrinking sheet with suction for two-dimensional and
axisymmetric cases. Fang and Zhang [12] obtained the
closed form solution for steady MHD flow over a shrinking
surface subject to applied suction. Fang [11] investigated the
flow over a shrinking sheet to power law surface velocity and
obtained the multiple solutions for certain mass transfer with
controlling parameters. Noor et al. [20] analyzed the
magnetohydrodynamic viscous flow due to a shrinking sheet
analytically and found that the result obtained by a domian
decomposition and homotopy analysis methods are well
agreed. Sajid and Hayat [22] investigated the effect of the
MHD for two-dimensional and axisymmetric shrinking

sheet. Bhattacharyya and Pop [8] investigated MHD
boundary layer flow due to an exponentially shrinking sheet.
Asghar et al. [5] presented an exact analytical solution for the
boundary layer flow of a viscous fluid over an impermeable
shrinking sheet. Hayat et al. [14, 15] reported an analytic
HAM solution for the MHD flow of a second grade fluid
over a shrinking sheet without and with rotation effects.

In recent years, the study of magnetohydrodynamic (MHD)
flow problems has gained considerable interest of researchers
because of its huge applications in many engineering
problems. Pavlov [21] discussed the MHD boundary layer
flow of an electrically conducting fluid due to the stretching
sheet. Whereas, Ali et al. [5] studied heat transfer on
magnatohydrodynamic (MHD) viscous flow over stretching
sheet with prescribed heat flux and Hussain et al. [16]
investigated MHD stagnation point flow of micropolar fluids
towards a stretching sheet. Baag et al. [6] analyzed MHD
flow on a stretching sheet embedded in a porous Medium.
Flow of an electrically conducting non- Newtonian fluid past
a stretching surface was studied by Able et al. [1] when a
uniform magnetic field acts transverse to the surface. Ahmad
and Sajjad [2] obtained exact solution for a viscous,
incompressible, MHD flow over a porous stretching sheet.
Ali et al. [3] presented numerical solution of MHD flow of
fluid and heat transfer over porous stretching sheet.

2. MATHEMATICAL ANALYSIS

Consider steady, two dimensional and incompressible
laminar flow of viscous fluid through porous medium over a
stretching/ shrinking surface. The fluid is electrically

conducting. Magnetic field of strength 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 origin
is fixed. Here U,V are velocity components along horizontal
and vertical directions. The induced magnetic field is
neglected. The permeability of medium is K, . The

governing equations of the motion are:
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oul/ox+ovloy =0, (1) 3. RESULTS AND DISCUSSION
oB2 The equations (8) and (9) are solved subject to the boundary
u U -y . -

— A2 2 Obd U conditions (10). The numerical results have been computed
uou / ox +vou /oy =vo"u/ oy P K, u @ by using Mathematica 6.0 software. The effects of the
physical parameters namely magnetic parametere M2,
UAT /8x +VoT /oy = K’ 0T/ 8y2 3) suction parameter A, permeability parametere K and Prandtl
,DCp number Pr have been noticed on velocity and temperature

where g is dynamic viscosity, o is fluid density, v

kinematic viscosity, C_ is the specific heat at constant

p
pressure and K’ is thermal conductivity.

The associated boundary conditions are:

u==fax, v=-V,,

, 0T (4)
-K E:qW =Ex*aty=0
u—>0T->T,asy—>w (5)

wher U >0 corresponds with flow over stretching surface
and U <O for flow over shrinking surface.

The similarity transformations are as follows:

u=cxf'(n),v= —Jucf (m) (6)
2
T-T, = 5 \/EQ(U) ™
K a

where ) = y\/% is dimensionless variable, E, is positive
constant, T,

0

g, is ratio of heat transfer.

is temperature far away from the surface,

The equation (1) is readily satisfied and the equations (2)
and (3) become:

74 ff”—f'z—(M2+%)f':O, ®)

0" +Prfo —-2Prfo=0, 9)
where prime denotes the differentiation with respect to 77 ,

B2 . K .
M2=2% s K=2° s

0~ magnetic v

parameter,

- __ uC
permeability parameter and Pr = ~=-".

The boundary conditions (4) and (5) then become:
f(0)=24, f'(0)==1 0'(0) = —1,}

f'(00) = 0,0(c0) = 0. (o)

distributions. The results have been presented graphically.
The fluid flow due to stretching surface is described in fig-1
to fig-3. Fig-1 and Fig-2 respectively show that the velocity

. . . 2
component f’ decreases with increasing values of M

and A. Fig-3 demonstrates that velocity f' increases with

increase in the value of K. The fluid flow over a shrinking
surface is described in Fig-4 to Fig-6. The Fig-4, Fig-5 and

Fig.6 respectively show that the velocity f' increases with

increasing values of M2, 4 and K.

The temperature distributions for flow due to stretching
surface are presented in Fig-7 and Fig-8. The temperature
function @(77) decreases with increasing values of Pr and
A.Fig-9 and Fig-10 respectively demonstrate the effects of
Pr and A on () for flow over shrinking surface. The
temperature function @g(n) decreases for increase in the
values of Pr and A. Fig-11 shows that temperature
function g(r) is higher for flow over shrinking surface than
for stretching surface.

Fig-1 Graph of f’ for different values of M?when
K=100, 2=2, Pr=0.1
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Fig-2 Graph of f for different values of A, when
K=100, M2=2, Pr=0.1
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Fig-3 Graph of f’ for different values of K when
M>=100, A=2, Pr=0.1
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Fig-4 Graph of f' for different values of M? when
K=100, 2=2, Pr=0.1

Fig-5 Graph of f' for different values of A when
K=100, M2=2, Pr=0.1

Fig. 6 Graph of f’  for different values of M? when
K=100, =2, Pr=0.1
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Fig-7 Graph of 0 for different values of Pr when
K=100, A=2, M*=2

Fig-8 Graph of 0 for different values of . when K=100,
M2=2, Pr=0.1
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Fig-9 Graph of f’ for different values of Pr when
K=100, A=2, M*>=2
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Fig-10 Graph of 0 for different values of A when
K=100, M2=2, Pr=0.1
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Fig-11 Graph for the comparison of the values of 0 for
flow over stretching/shrinking surface

4. CONCLUSION

Numerical

solution is obtained for MHD flow over a

stretching / shrinking surface with suction and heat transfer.
The main findings of this study are summarized as follows:

The velocity component f' for fluid flow over
stretching surface decreases with increasing values of

M2 and A but reverse effects have been noticed for
flow over shrinking surface.
o(n)

The temperature function

increasing values of Pr and A. This result hold for
fluid flow over stretching/shrinking surface but the
temperature distribution is higher for flow over
shrinking surface than for stretching surface.

decreases with
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