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Abstract: The effects of magnetic field and temperature heat source on the free and forced
convection flow past an infinite vertical plate is studied analytically. Solutions of the reduced
equation appropriate in the forced convection and free convection regime are obtained using
perturbation technique. The expression for the velocity field, skin friction and Nusselt number
have been obtained.

Introduction

Free convection flow of viscous incompressible fluid past a vertical surface has been
studied extensively because of its wide application in industry. Using momentum-integral
methods, first Pohlhausen[1J studied this problem. Similarity methods were used to formulate
this problem by Ostrach P1 who applied numerical method to obtain solutions for various
values of Prandtl number. In a mixed convective flow the effects of both forced and free
convection are found in comparable order. In many practical fields, we found significant
temperature between the surface of the hot body and the free stream. These temperature
difference cause density gradients in the fluid medium and in presence of gravitational force
free convection affects become important. The simplest physical model of such a flow is the
two dimensional laminar mixed convective flow along a vertical flat plate extensive studies of
which had been conducted by Sparrow131, Merkin[4], Lioyd and Sparrow151, Wilks[6], Tingwei
l7]and Raju et al.[8] It has generally, been recognized that £ is the governing parameter for the
laminar boundary layer forced free convective flow, which represents the ratio of buoyancy
forces to the inertial forces to the inertial forces inside the boundary layer forced free
convective flow, which represents the ratio of buoyancy forces to the inertial forces inside the
boundary layer. However, forced convection exists when the limit of t, goes to zero, which
occurs at the leading edge, and the free convection limit can be reached if £, become large.
Gebhart et al[91 replaced the exponent of the Reynolds number by other values close to two in
order to correlate there experimental results. All above studies were confined to the fluid with
uniform viscosity. However, it is known that this physical property may change significantly
with temperature. For instance, the viscosity of water decreases by about 240 percent when
the temperature increases from 10° c. To accurately predict the flow behavior, it is necessary
to take into account this variation of viscosity. Recently, Gray et alt101 and Mehta and Sood[ J

have shown that when this effect is included, the flow characteristics may substantially be
changed compared to constant viscosity. Kafoussius and Williams1121 and Kafoussius and
Rees'131 have investigated the effect of temperature dependent viscosity on the mixed
convection flow from a vertical flat plate in the region near the leading edge using the local no
similarity method. Ibrahim and Hady1141 extended the works of Schneider[15] and Dey[16] to the
MHD mixed convection flows over a horizontal plate.
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In the present study it is proposed to extend the work of Jahagirdar and Lahurikar to the
MHD mixed convection flows in presence of temperature dependent heat source.

Mathematical Analysis

Consider the two dimensional free and forced convection flow of an incompressible and
electrically conducting viscous fluid along an infinite non-conducting vertical flat plate in the
presence of temperature dependent heat source. The X' - axis is taken along the plate and
parallel to the free stream velocity in the vertically upward direction and Y' - axis normal *o
it. A magnetic field is applied in the direction of flow and the induced magnetic field is
neglected. We consider also u' is the velocity of the fluid in the X'- direction and 7" the
temperature of the fluid near the plate and 7̂  the temperature of the fluid in the free stream.
At timef' >- 0 , the plate temperature 7"̂  is raised toTj. The equations which govern the free

and forced convection flow of an electrically conducting fluid in presence of temperature
dependent heat source in dimensionless form are:

—- = 9+ --Mu (1)
dt dy2

The initial and boundary conditions in dimensionless form are:

/ < 0 u(Y,t) = 0,
t>-0 u(0,t) = 0, 0(0,0 = 1

w(oo,r) = l, 0(oo,O = O (3)

The non dimensional quantities introduced in the above equations are defined as:

B,-""";-'•>, M = ?^±, S = ^ ^ (4)

where, M is a magnetic parameter, S heat source parameter.
In the present analysis we have considered the heat generation (absorption) of the type,

0'where, — - — is the volumetric rate of heat generation,
P Cp

In order to solve the differential equations, we assume that:

uo+eeia'ul (5)
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ff = (Jo + s e 6X (o)

Substituting equations (5,6) in equations (1,2), we get the following system of differential
equations:

^ - - S 0 O = O (7)
dy

^-Sdi-icoPA^O (8)
dy

^°7-Mu0=-00 (9)
dy

ia))u}=-0x (10)

and the boundary conditions become:

u0 ••= 0, «, = 0, 00 = 1, 6X = 0 at y = 0,

u0 --̂  1, M, -> 1, <90 ̂ - 0, 0, - • 0 a/ ^ -> oo (11)

By solving the differential equations (7-10), under the boundary conditions (11), we
have: Therefore, the temperature 6 distribution:

and the velocity distribution, can be obtained by:

u -
u0

u =- +z4e +
S — M

also, the skin friction at the plate is given by

- z4)VM - [ Z' + Zl \ l s
K.S-M )

r == (z3 - z4)VM - [ Z' + Zl \ls + £ eitt"(z5 -
SM )

Either, the Nusselt is given by:
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Discussion

In order to study the effect of magnetic parameter (M) and heat source (S) on the velocity
distribution and skin friction, numerical calculations are carried out and are given in graphs
(1-4) In order to asses the accuracy of our method , we have compared our results with
accepted data sets for the velocity and temperature profiles for a stationary vertical porous
plate, corresponding to the case computed by Kin/17l The results of this comparison are
found to be in very good agreement.

Fig. 1. illustrates the velocity distribution with spanwise Y for different values of
magnetic parameter (M). The numerical results show that the effect of increasing
values of M leads to a decrease in the velocity distribution. Application of a transverse
magnetic field normal to the flow direction gives rise to a resistive drag-like force
acting in a direction opposite to that of flow. This has a tendency to reduce the fluid
tangential velocity and increase its temperature. This is indicative from the decrease in
U as M increases as shown in Fig. 1.

Fig. 2. depicts the variation of temperature distribution (#)with spanwise Y &r
different values of S. It is observed that an increase in S leads to a decrease in
temperature distribution 6.

- Fig. 3. shows the velocity profiles for different values of heat source parameter (S). It
was found that an increase in the value of S leads to an increase in the velocity
distribution.

- Fig. 4 presents the skin friction distribution (T) with spanwise M for different values of
heat source S. From this figure, we conclude that skin friction (t) increases with
increasing the values of heat source parameter S, while the skin friction decreases as
the magnetic parameter M increases.

Conclusion

- Velocity distribution (U) decreases with increase of M and S.
- Temperature distribution (8) decreases with increase of S.

Skin friction (T) increases with increasing values of S while it decreases with
increasing values of the magnetic parameter M.

Where,

(S-M)

-a2 - a ^ +a2 - 1
± 2 = s Z =

- 3 9 3 -
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Fig. 1. Velocity distribution for different values of M, and
when t = 0.4, e = 0.0002, S = 10.0, © = 5.0
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Fig. 2. Temperature distribution for different values of S, and
when t = 0.4, e = 0.0002, M = 0.1, © = 5.0
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Fig. 3. Velocity distribution for different values of S, and
when t = 0.4, 8 = 0.0002, M = 0.1, co = 5.0
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Fig. 4. Skin friction distribution for different values of S, and
when t = 0.4, e = 0.0002, M = 0.1, co = 5.0
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