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Abstract

This paper studied the steady laminar two — dimensional
stagnation point flow of an incompressible viscous
electrically conducting fluid at stagnation point with heat
transfer. Uniform magnetic field is applied externally
normal to the plane of the wall. Employing similarity
transformations, the governing partial differential
equations are transformed into ordinary differential
equations. This were solved in non — dimensional state
numerically using central differences for the derivatives
and Thomas algorithm for the solution of the set of
discretized equations in the infinite domain 0 <77 < 0.
A finite domain in the n-direction was used instead with n
chosen large enough to ensure that the solutions are not
affected by imposing the asymptotic conditions at a finite
distance. Numerical results for the dimensionless velocity
profiles, the temperature profiles, the local friction
coefficient and the local Nusselt number are presented for
various parameters. These results are presented to illustrate
the influence of the Hartmann number, suction parameter,
heat absorption coefficient and, thermal and mass Grashof
numbers. The effects of various emerging parameters are
seen on the velocity and temperature fields. The values of
the wall shear stress are also tabulated for different cases.

Keywords:  Magnetohydrodynamic ~ fluid,  Thomas
algorithm Heat transfer, Boundary layer, Stagnation point.

1. Introduction

In fluid dynamics, a stagnation point is a point in a
flow field where the local velocity of the fluid is
zero. Stagnation points exist at the surface of objects
in the flow field, where the fluid is brought to rest by
the object. A stagnation point occurs whenever a
flow impinges on a solid object. Usually there are
other important features of the flow.

Magnetohydrodynamics has attracted the attention of
a large number of scholars due to its diverse
applications. In astrophysics and geophysics, it is
applied to study the stellar and solar structures,
matter, radio propagation through the ionosphere etc.
in engineering it find its application in MHD pumps
and generators, convection in porous media has
applications in geo-thermal energy recovery, oil
extraction, thermal energy storage and flow through
filtering devices.

In the history of fluid dynamics, considerable
attention has been given to the study of 2-D
stagnation point flow. Hiemenz [1] derived an exact
solution of the steady flow of a Newtonian fluid
impinging orthogonally on an infinite flat plate.
Stuart [2], Tamada [3] and Dorrepaal [4]
independently investigated the solutions of a
stagnation point flow when the fluid impinges
obliquely on the plate. Beard and Walters [5] used
boundary-layer equations to study two-dimensional
flow near a stagnation point of a viscoelastic fluid.
Dorrepaal et al [6] investigated the behaviour of a
viscoelastic fluid impinging on a flat rigid wall at an
arbitrary angle of incidence. Labropulu et al. [7]
studied the oblique flow of a viscoelastic fluid
impinging on a porous wall with suction or blowing.
The Hiemenz flow of a Newtonian fluid in the
presence of a magnetic field was first considered by
Na [8] and later by Ariel [9]. Recently, Okedoye et al
[10] reported MHD Flow of a Uniformly Stretched
Vertical Permeable Surface under Oscillatory
Suction Velocity.

The purpose of the present work is to study the
steady laminar MHD flow of an incompressible
viscous electrically conducting fluid at a stagnation
point with heat transfer, in the presence of heat
generation. The fluid is acted upon by an external
uniform magnetic field and a uniform suction or
injection directed normal to the plane of the wall.

2. Formulation of the Problem

Consider the two-dimensional stagnation point flow
of a viscous incompressible electrically conducting
fluid impinging perpendicular to a permeable plane
directed along the x-axis. This is an example of a
plane potential flow which arrives from the entire
space above the plate and impinges on a flat wall
placed at y=0, divides into two streams on the wall
and leaves in both directions. Here, (u, v) are the
components of velocity at any point (x, y) for the
viscous flow, whereas (U, V) are the velocity
components for the potential flow. A uniform
magnetic field E; and a uniform suction or injection
with a transpiration velocity at the boundary of the
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plate are given by —V, for suction and Vv, for n= }—Pgri
injection are applied normal to the plane. wher:
Then, for the two-dimensional steady state flow, the Pey =—x

continuity and momentum equations, using the usual
boundary layer approximations (White [11]) and by
introducing Lorentz force, reduce to:
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where p, v, and o are, respectively, the density, the
kinematic viscosity, and the electric conductivity of
the fluid and U(x) is the horizontal component of the
inviscid potential flow velocity above the boundary
layer formed over the plate surface. The velocity
boundary conditions in the potential flow region, can
be expressed as:

u(x,0)=0, v(x,0)=—v,, for suction or

v(x,0) = v, for injection, (3a)
u(x,00)=U(x)=ax,v(x,»)=v(y)=—ay (3b)
where ‘a’ is a constant. The temperature distribution

can be found from the energy equation which may be
written as (neglecting the dissipation),

oT oT o°T
pcp(u&+vgj =k v +Q(T-T,)
(4)

where T is the temperature of the fluid, C, is the

specific heat capacity at constant pressure of the
fluid, and k is the thermal conductivity of the fluid
and @ is the rate of heat transfer. The boundary
conditions at the plate surface and far into the cold
fluid may be written as:

B kz—;{x,ﬂj = P.!;,[I:, - T{-LEI:]],T{LDC:] =T. (5)

Also the reactant concentration distribution equation
can be written as

2

AuL vE|-p2C Ac-c,) ®
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where C is the concentration of the chemical species,

D is mass diffusion coefficient at constant pressure,

and A, is the chemical reactant parameter of the

fluid. The boundary conditions for the reactant
problem are given by:

C(x,0)=C,, C(x,0)=C, 7)
We define La stream function

W = aPe,lfln)
And similarity variable

o
Then both transverse and axial velocities are define
as

8 8
u=g ¥yl v=-zruloy)

By introducing the similarity variable, stream
function and following dimensionless variables

T-T c-C
H = - 1 = - ’
W Ty e )
The governing Equations (1) to (7), reduce to:
1 d°
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where

The we obtain the following dimensionless flow
conditions
ohe
all__ all_

A is the suction parameter; 4 = 0 for suction and
A = 0 for injection.

i}
Gre = 9%

Method of Solution

The flow Equations (8) to (9) are solved in closed
form using the general method of solving second
order differential equation. Concentration and
Thermal profiles equations are respectively

g_'.:‘.‘l"'Fri?

8lny) = ——
= e (11)
(p{??:] — g—'\'ﬁi‘}

Now to solve equation (10), we employ numerically
approximation using finite differences.
Substituting (11) into (10), we obtain
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fa) ———fp) "+ M| 1-—fin
dn? d d do
g_'\.: BET 1 P 77 =0
tort———— $ Gree YT L1 =10 ¢ (12) —
—J#Pr Nu = W Prid _ 0.842624/ 0 (15)
© = 42 F(0) =0, f() 1 1-VPrd 1-084262p
FO =2 f©@ =0.2f

A shooting technique is first applied to convert the
higher order derivatives to a system of first order
differential equations. The solution for the non-
magnetic case is chosen as an initial guess and the
iterations using Euler scheme are continued till
convergence within prescribed accuracy is achieved,
with the corrections incorporated in subsequent
iterative steps until convergence, which is used to
obtain the values of our initial guesses. Finally, the
resulting guesses together with the system was
solved using generalized Thomas' algorithm. The
system of equations has to be solved in the infinite
domain 0 =% =<¢. A finite domain in the n-
direction can be used instead with n chosen large
enough to ensure that the solutions are not affected
by imposing the asymptotic conditions at a finite
distance.

Grid-independence  studies show that the
computational domain 0 = n < n. can be divided
into intervals each of uniform step size which equals
0.02. This reduces the number of points between
0 = 5 = 7. without sacrificing accuracy. The value

1., =1 was found to be adequate for all the ranges
of parameters studied here.

Skin-Friction: We now study skin-friction from
velocity field. It is given by

T 2
(';f =—f=d_2u(y’t ,
pu,yv, d y=0
. _ﬂdu
C=p—
dy y0
Therefore
)
dn -

Nusselt Number: In non-dimensional form, the rate
of heat transfer at the wall is computed from
Fourier's law and is given by

q,Vv —-d
Nu= - = aly, t ,
ok oy
a, =K
dy y0

Table 1: effect of flow condition on Skin Friction

Grt | Grc M & ) & &
0.0 | 20 | 05 | 2.82753 00 | 02 3.2351
2.0 | 20 | 05 | 565651 20 | 02 3.2065
50 | 20 | 05 | 9.95989 40 | 02 3.1676
10.0 | 2.0 | 05 | 17.3051 80 | 02 3.1227
20 | 00 | 05 | 278011 10| 0 2.4024
20 | 20 | 05 | 327073 1.0 | 0.2 2.3504
2.0 | 50 | 05 | 4.008554 1.0 | 04 2.3238
2.0 | 10.0 | 05 | 5243407 1.0 | 06 2.2967
2.0 | 20 | 00 | 3235122
2.0 | 20 | 50 | 5927691
2.0 | 2.0 | 100 | 1051107
2.0 | 2.0 | 200 | 20.26202

5
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Figure 1: Nusselt number against heat generation
parameter

Sherwood Number: The rate of mass transfer at the
wall which is the ratio of length scale to the diffusive
boundary layer thickness is given by

J, Vv d
Sh= £ = N ,
(c,-c.)Dv, dy oy )(y_o
J,=- D%
dy|,_,
Again using (11), we have
Sh =d¢_(77) (16)
dn 0
Sh = vaSc = 0469046+ (17
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Figure 2: Effect of reaction parameter on Sherwood

number

3. Discussion

In order to point out the effects of various parameters
on flow characteristic, the following discussion is set
out. The values of the Prandtl number is chosen Pr =
0.71 (plasma). The values of the Schmidt number is
chosen to represent the presence of species by water
vapour (0.62). All other parameters are primarily

chosen as follows: Grz =2, Grc =2, o =0.2,
M =0.5and @ = 0.2 unless otherwise stated.

We displayed the effect of flow condition of skin
friction coefficient. It could be seen from the table
that increase in both buoyancy (thermal and mass
buoyancy) and Hartmann number increases the skin
friction coefficient while corresponding increase in
reaction and heat generation parameters decreases
the skin friction coefficient. We also observe that
doubling the numerical value of each of thermal
Grashof number, mass Grashof number and
Hartmann number produces 73.77%, 30.81% and
83.23% increment respectively. This then shows that
effect of Hartmann number is more pronounced
while mass Grashof number is least.

In figures 1 and 2, we show the effect of heat
generating parameter and reaction parameter on
Nusselt and Sherwood numbers respectively. We
observed that Nusselt number increases with increase
in heat generation parameter as well as reaction
parameter on Sherwood number. It should be noted
that there is possibility of vertical asymptote Nusselt
Number profile as heat generation parameter
increases. In fact, this asymptote could be found to
be at @ = 1/Pr. While, the effect of reaction
parameter become stable as reaction parameter
increases.

In figure 3, we show that axial velocity increases
with buoyancy parameter. At higher number of
thermal Grashof number, axial velocity approaches a
steady state at 7 = 0.5. While in figure 4, the effect
of thermal Grashof number on transverse velocity. It

ISSN 2348 — 7968

could be seen that transverse velocity increases with
increase in thermal Grashof number. For cooling of
the plate at higher number of thermal Grashof
number, a peak is noticed, this suggest that
maximum velocity occurs in the body of the fluid
and not at the boundary. In the same vein, we
displayed in figure 5 the influence of mass Grashof
number on velocity, we observed that just like the
effect of thermal Grashof number on velocity,
velocity increases with increase in mass Grashof
number. Comparing figures 4 and 5, we discovered
that thermal Grashof number has more pronounced
effect on velovity

In Figure 6, we show the effect of magnetic
parameter on the velocity distribution. It could be
seen that velocity increase with an increase in the
Hartmann’s number. This is because the induced
opposing force, the Lorentz force brings about a
change in the orientation of the flow which which at
stagnation point transforms to increase in velocity. It
could also be seen that the effect of Hartmann
number on velocity is more pronounced for higher
value of Hartmann number. We observed that
increase in Hartmann number decreases the velocity
boundary layer.

Figure 7 shows the effect of heat generation on the
velocity distribution. It could be seen that increase in
heat generation results in increase in velocity
distribution but decrease in thermal boundary layer
as 7 = 1. It should also be mentioned that maximum
temperature only occur at the surface and decay
away from it. The same effect is noticed in
concentration profile with reaction parameter as
shown in figure 8. It is noted that concentration
boundary layer decreases.

4 Conclusions

The two-dimensional stagnation point flow of a
viscous incompressible electrically conducting fluid
with heat transfer has been studied. A numerical
solution for the governing equations is obtained
which allows the computation of the flow and heat
transfer characteristics for various values of the
Hartmann number M , the suction parameter & ,

heat generation/absorption coefficient ¢ and

thermal and mass Grashof numbers (Grt, GI’C).

The results indicate that increasing the parameter M
or &, decreases both the velocity and the thermal
boundary layer thickness.

For higher thermal Grashof number, there is
practically little or no convection and the velocity
due to fluid friction is zero, consequently the total
velocity distribution is reduced to the velocity due to
heat transfer. At lower Grashof number heat transfer
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due to convection begins to play a significant role
increasing the flow velocity and in turn the velocity
due to the viscous effects. Also the isotherms are
deformed, increasing the temperature gradient and
consequently the velocity due to heat transfer.

On the other hand, the wall shear stress increases
with increasing magnetic field. The results show that
the heat transfer at the wall increases with

increasingM, a ,or ¢.
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Figure 6: Effect of Hartmann number on transverse
velocity.
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Figure 3: Effect of thermal buoyancy on axial
velocity.
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Figure 4: Effect of thermal buoyancy on transverse
velocity.
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