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Abstract
The unsteady MHD Poiseuille flow of a third grade fluid between two parallel horizontal non conducting porous plates is studied with heat transfer. The two plates are fixed but maintained at different constant temperature with the Joule and viscous dissipation taken into consideration. The fluid motion is produced by a sudden uniform exponential decaying pressure gradient and external uniform magnetic field that is perpendicular to the plates.

The governing momentum and energy equation arise from the flow are solved numerically using Maple program. The effects of magnetic field and third grade parameter on velocity and temperature profile are examined through several graphs.
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1.  Introduction
The study of the flow of a third grade fluid between two parallel plates subjected to magnetic field has received considerable attention in the past decades due to its applications in industry and engineering. Some of these applications can be found in materials manufactured by extraction process especially in polymer processing, micro fluids, geological flows within the earth’s mantle, the flow of synovial fluid in human joints as well as in the drilling of oil and gas well.
Several researchers have successfully analysed the flow of third grade fluid between two parallel plates. Hayat et al [1] analysed the steady flow and heat transfer characteristics of a third grade fluid between two porous plates. They investigated three flow problems [namely: plane couette flow, plane poiseuille flow and plane couette poiseuille flow] and analytically expressed the velocity and temperature profile for each case.
Siddique et al [2] study unsteady flow of an incompressible Oldroyd – B fluid between two infinite parallel plates when the slippery between the plate and fluid is valid. They obtained analytical solutions of the problems and show the effects of various dimensionless parameters emerging from the governing equation on velocity field. The effects of magnetic field on the MHD flow of third grade fluid through inclined channel with heat transfer were carried out by Aiyesimi et al [3]. The non-linear differential equations governing the flow and heat transfer are solved by employing the regular perturbation technique and the results are presented graphically. Nayak et al [4] gave numerical solution for the flow and heat transfer of a third grade fluid past a porous vertical plate.

In all these mentioned studies the pressure gradient was neglected. In this work, the MHD flow of a third grade fluid between two parallel horizontal porous plates is studied with the consideration of heat transfer. A sudden uniform and an exponential decaying pressure gradient, an external uniform magnetic field that is perpendicular to the plates and uniform suction and injection through the surface of the plates are applied. By assuming a very small magnetic Reynolds number [5], the induced magnetic field is neglected. The two plates are kept at two different constant temperatures. The governing non linear partial differential equations involved are solved numerically using a computer program generated by Maple software.
2.  Formulation of the Problem
We consider incompressible non Newtonian third grade fluid flowing through infinite parallel plates of distant 
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directions which makes the physical quantities do not change in these directions.
Therefore we seek a velocity vector of the fluid as
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 is the main velocity component in the 
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The boundary and initial conditions are 
[image: image17.wmf]h

y

at

u

h

y

at

u

=

=

-

=

=

0

,

0

 for 
[image: image18.wmf]0

>

t

(since there is non-slip condition at the plates) and 
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For the temperature of the fluid, the boundary and initial conditions are 
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The fundamental equations governing the unsteady MHD flow of a third fluid are the continuity equation
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and momentum equation
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where 
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 is the density of the fluid, 
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 is the fluid velocity, 
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is the current density 
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 is the electrical conductivity, 
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 is the electrical field which is not considered 
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 is the external body force and 
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 is the Cauchy stress tensor which for a third grade fluid satisfies the constitutive equation
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where 
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 is the Isotropic stress due to constraint incompressibility, 
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 is the dynamics viscosity, 
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  are the material constraints, 
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Since the flow is driven by a uniform and exponential decaying pressure gradient equation (1) – (6) yield
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The temperature profile is governed by the energy equation [8]
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where 
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 are respectively specific heat capacity and thermal conductivity of the fluid. 
Let us introduce the following dimensionless variables and parameters
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In terms of these dimensionless quantities, equation (7) and (8) may be written after dropping all crops for convenience is
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The initial and boundary conditions for the velocity and temperature profile in the dimensionless form are written as
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where 
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 is assumed to be the exponential decaying pressure gradient . Equation (9) and (10) represent a system of partial differential equations which is solved numerically under the initial and boundary condition (11) and (12), using the computer code from Maple software for different values of the parameters 
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. The effects of these parameters are analyzed and discussed graphically. Actually, because the solutions are very large, we will only show the graphical representations of these solutions.
3.  Discussion of the results
Figure 1 and 2 illustrate the time development for velocity 
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Figure 3 and 4 show the time evolution of 
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Figure 4 indicates the effect of parameter 
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Figure 1: Time variation of the velocity profile 
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Figure 2: Time variation of the Temperature profile 
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Figure 3: Effect of magnetic field parameter 
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Figure 4: Effect of magnetic field parameter 
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4.  Conclusion
The unsteady flow of a third grade, fluid between two parallel fixed plates is studied. The flow is analyzed under the influence of an applied uniform magnetic field as well as decaying exponential pressure gradient. The effects of magnetic field and third grade parameter on the velocity and temperature profile are analyzed and discussed graphically. It clearly shows that the magnetic field and third grade parameter has a marked on the velocity and temperature profile as the fluid is flowing through the plates. It is interesting to find out that the variation of velocity and temperature with magnetic field and third grade parameter depend on time. 
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