
IOSR Journal of Mathematics (IOSR-JM)  

e-ISSN: 2278-5728, p-ISSN: 2319-765X. Volume 13, Issue 2 Ver. I (Mar. - Apr. 2017), PP 20-26 

www.iosrjournals.org 

DOI: 10.9790/5728-1302012026                                          www.iosrjournals.org                                    20 | Page 

 

Radiation Effects on Magnetohydrodynamic Free Convective 

Flow over an Infinite Vertical Plate In a Porous Medium 
 

J. D. Olisa 
Department of Mathematics and Statistics, University of Port Harcourt, Port Harcourt, Nigeria. 

 

Abstract: An analysis to study the unsteady free convective heat transfer due the combined effects of buoyancy, 

radiation and transverse magnetic field is carried out for an infinite vertical plate in a porous medium. The 

dimensionless governing coupled partial differential boundary layer equations are formulated and solved 

analytically using the Laplace transform technique. Results are compared with previous works and found in 

agreement. The effects of the parameters that enter the problem are discussed. 
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I. Introduction 

Unsteady magnetohydrodynamic free convective boundary layer flow with heat transfer of electrically 

conducting fluids find their application in a variety of engineering processes such as the design of cooling 

systems for electronic devices, in the field of solar energy collection, heat exchangers, cooling of metallic plates 

and MHD marine propulsion. Convective flow which is as a result of density differences created within the fluid 

are significant in electronic equipments, flow meters and spacecraft systems. Earlier studies have been carried 

out by many researchers such as [1] – [4]. Also,[5] considered natural convective flow with suction and mass 

transfer in a porous medium. [6]examined the natural convection with internal heat generation which decays 

exponentially. Also the effect of mass transfer and free convection past a vertical porous plate was investigated 

by [7].  

Later,[8] considered the solution for hydro magnetic mixed convection heat and mass transfer flow 

through a porous media while [9] investigated the mass and heat transfer flows past a vertical plate. Also the 

flow of an unsteady viscous incompressible electrically conducting fluid along a porous vertical isothermal non-

conducting plate with variable suction and exponentially decaying heat generation was investigated by [10]. 

Amongst others, [11] examined the transient laminar MHD free convective flow with non-uniform heat flux.  

In all these investigations, the analysis was carried out numerically, and also radiation effects were 

neglected. Radiation effects are quite significant in some industrial and space technology applications such as 

glass production and spacecraft re-entry aerothermodynamics. These operate at high temperatures, such that 

radiation effect cannot be neglected. Radiation effects when considered complicates the governing equations, 

but [12] have shown that in the optically thin limit, the physical situation can be simplified. They obtained an 

exact solution to the problem of a radiating laminar fully developed convective flow in an infinite vertical 

channel. [13]Showed that the fluid does not absorb its own emitted radiation, for an optically thin limit, but 

absorbs radiation emitted by the boundaries.  

Radiation effects have also been considered numerically by [14], [15] and recently by [16]. 

Analytically, [17] examined the effect of radiation on unsteady free convective flow are a porous plate, while 

[18] investigated its effect and chemical reaction on MHD flow over a vertical surface.  

In this paper, the effect of radiation on unsteady magnetohydrodynamic free convective flow over an 

infinite vertical plate in a porous medium with heat generation is examined. The resulting dimensionless 

governing equations are solved by the Laplace transform technique.  

 

II. Mathematical Analysis 

Consider the radiative effect on unsteady free convective laminar, boundary layer flow of a viscous, 

incompressible, fluid along an infinite vertical plate due to buoyancy effects, in a porous medium. The flow is of 

an electrically conducting, gray gas near equilibrium on an optically thin limit. The x-axis is measured along the 

plate, a magnetic field of uniform strength B0 is applied in the y direction normal to the vertical plate.  
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Figure (1) Geometrical configuration of the flow 

 

The applied magnetic field and the magnetic Reynolds number are assumed to be very small, hence the 

induced magnetic field and the Hall effect are negligible. Since the velocity of the fluid is low, the viscous 

dissipation is also assumed to be negligible. Since the plate is on the x-axis and is infinite, all the physical 

quantities depend only on y and t. Then, under the Boussinesq’s approximation, the governing equations of the 

flow are: 
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 represents the change in the radiative flux with distance normal to the plate. The radiative heat flux 

of an optically thin gray gas, using the Rosseland approximation is given by: 
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It is assume that the temperature differences within the flow are sufficiently small such that 
4T  may be 

expressed as a linear function of the temperature. Hence expanding 
4T  in a Taylor series about T  and 

neglecting higher-order terms:  
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Equation (2) becomes  
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The initial and boundary conditions are: 
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The following dimensionless quantities are introduced:  
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Introducing equation (5) into equations (1) and (3), the dimensionless governing equation are obtained as 

follows: 
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The corresponding dimensionless initial and boundary conditions are: 
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Equations (6) and (7) are coupled non-linear systems of partial differential equations, and are solved analytically 

by utilizing the Laplace transform technique, subject to equation (8). The transformed ordinary differential 

equations are:  
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 and s is the transformed variable. The solutions of equations (9) and (10) 

subject to (11) are:  
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Employing the shifting and convolution theorems and [19] equations [12] and [13] are inverted to obtain the 

solutions: 
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Also the viscous stress at the surface of the plate is obtained using 

 

0















y
y

u
  

Hence  

 

  
 

  

     
 

  

    
































































tbcct

bt

tac

ct

btat

e
t

tbcerfbce

e
t

bterfb
e

t

tacerfbc

e

e
t

aterfa
c

Gr
e

t
bterfa









Pr
1)Pr(

Pr
1Pr1

1

1
1

Pr1

1
1

(16) 

 

III. Discussion of Results 

The analytical solutions of the dimensionless velocity and temperature equations were obtained using 

the Laplace transform technique. The analysis of the resulting solutions are carried out by employing the 

Mathematica software. The consideration is for air for which 𝑃𝑟 = 0.7, except for the cases where the 𝑃𝑟 is 

varied for both velocity and temperature profiles. 

In Fig. 2 and 3 the effect of 𝑃𝑟 on both temperature and velocity profiles is shown when 𝑃𝑟 is varied. The 

figures show a decrease in the temperature and an increase in the velocity as 𝑃𝑟 increases, when 𝐺𝑟 = 0.5𝑅𝑎 =
0.1and 𝑄 = 2.0𝐾 = 1.0 
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Figure 3 depicts the effect of magnetic parameter, 𝑀 on the velocity and it is observed that the velocity 

increases as 𝑀 increases. 

 

  
Figure (2) Effect of Pr on temperature profile    Figure (3) Effect of Pr on temperature profile 
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Figure (10) Effect of Ra on velocity with M = 1.5, K = 2.0, Q = 0.2, Gr < 0 

 

In Fig. 5, the effect of the permeability parameter 𝐾 is shown to cause a decrease on the velocity profile as 𝐾 

increases. 

Also Fig. 6 depicts the effect of the Grashof no. 𝐺𝑟, on the velocity profile. There is a drastic increase on the 

velocity as 𝐺𝑟 decreases. 

Fig. 7 and 8 display the effect of the heat source parameter 𝑄 on both the velocity and temperature respectively. 

It is observed that as 𝑄 increases the velocity profile 𝑢 decreases, while there is an increase in the temperature. 

The effect of the radiation parameter, 𝑅𝑎, is shown in Fig. 9 and for the temperature and velocity profiles 

respectively. Increase in 𝑅𝑎, gives a decrease in the temperature but an increase in the velocity. 

 

IV. Conclusion 

This problem is a two dimensional unsteady, laminar free convection flow in the presence of and 

radiation uniform magnetic field applied normal to the flow. The governing equations were normalized and 

transformed into ordinary differential equations and solved using the Laplace transform technique. The obtained 

results for velocity and temperature are represented graphically for the various parameters, and were also found 

to be in good agreement with previous works in the literature. Thus the conclusion on the study are: 

1. On increasing the Prandtl number there is a decrease in the temperature while there is an increase in the 

temperature as the heat flux parameter increases. 

2. Also observed that due to the free convection currents for 𝐺𝑟 < 0, there is a drastic increase in the velocity 

field. 

The results which have been derived analytically are in good comparison with the results obtained numerically. 

It is hoped that this can be extended to the case of mass transfer in the presence of radiation for other fluids 

other than our ait. 

 

Nomenclature 

𝑐𝑝  = Specific heat at constant pressure 

𝑞𝑟  = Radiative flux parameter 

𝑄 = Heat source parameter 

𝑘 = Thermal conductivity 

𝐾 = Permeability of the porous medium 

𝐺𝑟 = Grashofs number 

𝑃𝑟 = Prandlt number 

𝑅𝑎  = Thermal radiation parameter 

𝑀 = Magnetic parameter 

𝑔 = Gravitational acceleration 

𝑢, 𝑣 = velocity components 

𝑇 = Dimensional temperature 

𝑥, 𝑦 = Cartesian coordinates 

 

Symbols 

𝜎 = Electrical conductivity 

𝛾 = Kinematic viscosity 

𝜏 = Skin friction 

𝛽 = coefficient of volume 

𝜌 = Density of your temperature 

Θ = Dimensionless temperature  
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Subscript 

𝑤 = wall condition 

∞= free stream condition 
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