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Abstract 
This paper presents a mathematical study of Magnetohydrodynamic (MHD) Couette flow through a porous 

medium with heat transfer as study of biomagentic fluid dynamics, which is suitable for the description of the 

MHD Couette flow of a viscous-incompressible fluid, is discussed in this work. Here we take the porous 

medium, which is bounded between two infinite parallel flat plates. The upper plate is subjected to a constant 

suction while the lower plate is to a transverse sinusoidal injection along with the velocity distribution. In this 

analysis we are using finite difference method for solving the non-linear partial differential equations and our 

results shows that the main flow component (U) decreases with the increase of Hartmann number (M) and the 

velocity decreases with the increases of the injection suction parameter (R). Here we also investigate the effects 

of Hartmann number (M) and suction parameter (R) along with the velocity and temperature distribution. 
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I. Introduction: 
Magnetohydrodynamics (MHD) deals with the study of the interaction between electrically conducting 

fluids and magnetic fields. Such fluids include liquid metals, electrolytes, plasma, and ionized gases, which are 

commonly encountered in engineering, geophysical, and industrial applications. The presence of a magnetic field 

significantly alters the flow behavior by inducing Lorentz forces that can be used to control velocity, temperature 

distribution, and heat transfer characteristics of the fluid. The steady flow has many applications in biological and 

engineering problems such, plasma studies, nuclear reactors, geothermal energy extraction, the boundary layer 

control in the field of aerodynamics, blood flow problems, petroleum technology to steady the movement of 

natural gas, and in oil and water industries through the oil channel etc. 

Gersten and Gross (1974) studied on the three dimensional convective flow and heat transfer through a 

porous medium, while Gulab and Mishra (1977) expressed an idea through the equation of motion for MHD 

flow. Raptis (1983) worked on the free convective flow through a porous medium bonded by the infinite vertical 

plate with oscillating plate temperature and constant suction, and again Raptis and Perdikis (1985) further 

worked on the free convective flow through a highly porous medium bounded by the infinite vertical porous plate 

with constant suction. Although in above studies the investigators have restricted themselves to two-dimensional 

flows, but there may arise situations, where the flow field may be essentially three-dimensional. Therefore Singh 

(1991) worked on three dimensional MHD flow past a porous plate, and again Singh (1993) also worked in the 

same direction and studied the problem of three dimensional viscous flow and heat transfer along a porous plate. 

 Ahmed and Sharma (1997) discussed about the three-dimensional free convective flow of an 

incompressible viscous fluid through a porous medium with uniform free steam velocity, while Singh (1999) 

again studied about a three-dimensional Couette flow with transpiration cooling by applying transverse 

sinusoidal injection velocity at the stationary plate velocity. Kim (2000) discussed the unsteady MHD 

convective heat transfer past a semi-infinite vertical porous moving plate with variable suction, and Kamel 

(2001) discussed about the unsteady MHD convection through porous medium with combined heat and mass 

transfer with heat source/sink. Kumar et al (2004) discussed about the Hall current on MHD free- convection 

flow through porous media past a semi-infinite vertical plate with mass transfer, while Muhammad et al (2005) 

discussed the effects of Hall current and heat transfer on the flow due to a pull of eccentric rotating. Attia (2006) 

observed the unsteady MHD Couette flow and heat transfer of dusty fluid with variable physical properties. 

Again Diwakar (2023) analyzed that  heat and mass transfer on the unsteady two dimensional MHD flow 

through porous medium under the influence of uniform transverse magnetic field. The fluid is electrically 

conducting, the effects of the porosity of the medium, the surface stretching velocity,  our result shows that 

profile f and f (choose) is effected with changing the parameters stretching parameter (C) and hartmann Number 

(M) with temprauture distribution discussed with the graphs. 
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 The main purpose of this work is to analyze the effects of electrically conducting three dimensional, 

viscous incompressible fluid through a porous plate with the observation of the velocity and temperature 

distribution along with the effects of Hartmann number (M) and suction parameter (R) 

 

II. Mathematical Analysis: 
 In this analysis we are considering a three dimensional flow of a viscous incompressible fluid through a 

porous medium, which is bounded by a vertical infinite porous plate. The coordinate system with plate lying 

vertically on X-Z plane, where upper plate is at distant a apart such that X- axis is taken along the plate in the 

direction of the plane and Y- axis is perpendicular to the plane. The lower and upper plate’s temperature 

considered to be T0 and T1 respectively with (T1>T0) and the upper plate is subjected to a constant velocity U 

along X- axis, while the   lower plate to a transverse sinusoidal injection velocity of the following forms 
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 Now if we are denoting the velocity component v1, v2, v3 in the X, Y and Z direction respectively and 

temperature by T, then problem is governed by the following equations. 

Continuity equation: 
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and the energy equation is 
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while the boundary conditions of this modal are 
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 Now we introduce following non-dimensional variables, which change the governing equations in the 

dimensionless form 
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 In this model we use some special numbers/ parameters, which are along with their notations as 

follows: 

Suction parameter 
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where 0 -magnetic field component along Y- axis, k- permeability of the porous medium, U- velocity along 

X-axis, α- thermal diffusivity, β- volumetric coefficient of the thermal expansion,  - density of fluid,  - 

kinematics viscosity,  -viscosity and  -  temperature. 

 Here in the light of (viii) the boundary conditions (vii) and solving the equations (ii) to (vi), becomes in 

the following form: 
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and temperature equation become: 
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III. Numerical Solution: 
In this model we apply the finite difference method to solve the governing non-linear equations. First 

we transformed the first and second order derivatives by using the forward and central differences formulas. 

Here i, j represent the moment along Y and Z direction respectively, and let, there is a square mesh 

( hzy == ), then the equations (ix) to (xiii) along with the boundary conditions are as: 
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and temperature equation 
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IV. Results and Discussion: 
The main flow velocity component u, applied through the porous plate at rest, due to the transverse 

sinusoidal injection velocity is obtained from equation (xiv). We described the fig.(a) from the equation (xiv) 

which shows the flow component u decreases with the increases of Hartmann number M, injection parameter R 

and permeability k of the porous medium. 
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We described velocity profile for the small and large value of permeability of the porous medium 

through the fig.(b), which shows the velocity decrease with the increase of the injection suction parameter R, it 

is also observed that increase in the permeability of the porous lead to an increase in the flow velocities. 
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The fig.(c) shows that the rate of heat transfer coefficient at the stationary porous plate. In this case the 

values of Prandtl number (Pr) are chosen as 0.5 approximately, which represents air and water at C015 . Here it 

is found that the rate of heat transfer is much lower in the case of water than in air. 
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