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ABSTRACT 

Radiation effects on MHD flow through porous media past an impulsively started vertical oscillating plate with 
variable mass diffusion is studied here. The fluid considered is gray, absorbing-emitting radiation but a non-scattering 
medium. The governing equations involved in the present analysis are solved by the Laplace-transform technique. The 
velocity, skin friction, Nusselt number and Sherwood number are studied for different parameters like radiation parameter, 
Schmidt number, Thermal Grashof number, mass Grashof number, phase angle and time. 
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INTRODUCTION 

Study of MHD flow with heat and mass transfer 
plays an important role in chemical, mechanical and 
biological Sciences. Some important applications are 
cooling of nuclear reactors, liquid metals fluid, power 
generation system and aero dynamics. The response of 
laminar skin friction and heat transfer to fluctuations in the 
stream velocity was studied by Lighthill [1]. Free 
convection effects on the oscillating flow past an infinite 
vertical porous plate with constant suction - I, was studied 
by Soundalgekar [2] which was further improved by 
Vajravelu et al., [3]. Further researches in these areas were 
done by Gupta et al., [4], Jaiswal et al., [5] and 
Soundalgekar et al., [6] by taking different models. Some 
effects like radiation and mass transfer on MHD flow were 
studied by Muthucumaraswamy et al., [7, 8] and Prasad et 
al., [9]. Radiation effects on mixed convection along a 
vertical plate with uniform surface temperature were 
studied by Hossain and Takhar [10]. Mass transfer effects 
on the flow past an exponentially accelerated vertical plate 
with constant heat flux was studied by Jha, Prasad and Rai 
[11]. 

On the other hand, radiation and free convection 
flow past a moving plate were considered by Raptis and 
Perdikis [12]. We are considering radiation effects on 
MHD flow through porous media past an impulsively 
started vertical oscillating plate with variable mass 
diffusion. 
 
MATHEMATICAL ANALYSIS 

In this paper we have considered the flow of 
unsteady viscous incompressible fluid. The x -axis is 
taken along the plate in the upward direction and y - axis 
is taken normal to the plate. Initially the fluid and plate are 
at the same temperature. A transverse magnetic field 

0 ,B  

of uniform strength is applied normal to the plate. The 
viscous dissipation and induced magnetic field has been 
neglected due to its small effect. Initially, the fluid and 
plate are at the same temperature T∞ and 

concentrationC∞  in the stationary condition. At 

time 0t > , the plate starts oscillating in its own plane with 
frequency ω  and temperature of the plate is raised to wT  
and the concentration level near the plate is raised linearly 
with respect to time. The flow modal is as under: 
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Here, the symbols have the meaning as described below:  
 

pC = specific heat at constant pressure 

T = temperature of the fluid near the plate  
C = species concentration in the fluid 
T∞ = temperature of the fluid far away from the plate 

C∞ = concentration in the fluid far away from the plate 
t = time 
ρ = fluid density 
g = acceleration due to gravity  
β = volumetric coefficient of thermal expansion  

*β = volumetric coefficient of concentration expansion 
υ = kinematics viscosity 

0B = external magnetic field  

rq = radiative heat flux in the y – direction 
σ = Stefan–Boltzmann constant 
u = velocity of the fluid in the x - direction 
k = thermal conductivity of the fluid  



                                         VOL. 7, NO. 1, JANUARY 2012                                                                                                                   ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2012 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
109

y = coordinate axis normal to the plate  
D = mass diffusion coefficient   
K = permeability of porous medium 

 

The following boundary conditions have been assumed: 
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where ω  is the angular velocity and wT , is the 

temperature, wC  is the concentration of the fluid. 
The local radiant for the case of an optically thin 

gray gas is expressed by: 
 

( )* 4 44 ,rq a T T
y
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= − −

∂
                                           (5)                 

 

where *a  is absorption constant. 
 
Considering the temperature difference within the flow 
sufficiently small, 4T can be expressed as the linear 
function of temperature. This is accomplished by 
expanding 4T  in a Taylor series about T∞  and neglecting 
higher-order terms 
Thus, 

4 3 4
 .4 3T T T T∞ ∞≅ −                                                                         (6)                                                                                            

 

Using equations (5) and (6), equation (3) becomes 
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Introducing the following non- dimensional quantities: 
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with symbols: u - dimensionless velocity; rP - Prandtl 

number; M - magnetic field parameter; y - dimensionless 
coordinate axis normal to the plate; θ  - dimensionless 
temperature; rG - thermal Grashof number; mG - mass 

Grashof number; cS - Schmidt number; R - radiation 

parameter; C - dimensionless concentration; tω - 
dimensionless Phase angle; µ - coefficient of viscosity 

and K - dimensionless permeability of porous medium. 
Equations (1), (2) and (7) leads to  
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with the following  boundary conditions: 
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Dropping bars in the above equations, we have 
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The dimensionless governing equations (13) to 
(15), subject to the boundary conditions (16), are solved 
by the usual Laplace- transform technique with some help  
from the article“ An algorithm for generating some inverse 
Laplace transforms of exponential form” by R.B. 
Hetnarski [13] . The solutions are derived as follows: 
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For making the solution concise, the following symbols 
have been used above: 
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Skin friction ( )τ  
The skin friction is given as: 
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Therefore, using equation (17), we obtainτ : 
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Sherwood number ( )hS  
The Sherwood Number is given as: 
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Then from equation (18), we have 
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Nusselt number ( )uN  

The Nusselt Number is given as: 
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Therefore from equation (19), we get 
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RESULTS AND DISCUSSIONS 

The velocity profiles for different parameters are 
shown in Figures 1 to 6. In Figure-1 when value of K  is 
increased, the velocity decreases near the plate up to 
certain point and then it increases slightly. In Figure-2 if 
phase angle tω is increased the velocity profile shifts 
towards the origin. i.e., the velocity decreases near the 
plate. When the value of R  is increased the velocity 
decreases which is shown in Figure-3. It is observed in 
Figure-4, that when the mass Grashof number is increased 
velocity decreases near the plate and then starts increasing 
slightly away from the plate before becoming steady. The 
effect of the thermal Grashof number for cooling and 
heating of the plate is shown by the Figures 5 and 6. 
Figure-7 shows that when the Schmidt number is 
increased, the concentration profile shifts towards the 
origin. Figure-8 shows that when t  is increased, there is 
sufficient increases in the concentration near the plate 
while it gets steady away from the plate. It is observed in 
Figure-9 that when Schmidt number increases, Sherwood 
number also increases. Figure-10 shows the pattern of 
Nusselt number for different values of radiation parameter; 
it decreases with the increase in R . The values of rP  and 

M are taken as 0.71 and 0.5 respectively in all the cases. 
Wall shear stress is tabulated in Table-1. Here the values 
of different parameters are changed diagonally to make the 
comparison possible with first row.  
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Figure-1. Velocity profile. ( 10,rG =  

, 0.2, 2, 5, 2.01
4 m ct t R G Sπω = = = = = ). 

 

w t = 0

w t = pi
2

y

u

w t = pi
4

0.5 1.0 1.5 2.0

0.5

1.0

1.5

2.0

 
 

Figure-2. Velocity profile. 
( 10, 5,r mG G= = 0.2, 2, 2.01ct R S= = = ). 
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Figure-3. Velocity profile. ( ,
4

t πω =  

10, 5,r mG G= = 0.2, 2.01ct S= = ). 
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Figure-4. Velocity profile. 
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Figure-5. Velocity profile-cooling of the plate. 
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Figure-6. Velocity profile- heating of the plate. 
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Figure-7. Concentration profile. 
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Figure-8. Concentration profile. 
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Figure-9. Sherwood number. 
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Figure-10. Nusselt number. 
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Table-1. Skin friction for different parameters. 
 

K  rP  rG  mG  cS  M  R  t  τ  

0.1 0.71 10 5 2.01 0.5 2 0.2 -2.55681 
0.1 0.71 10 5 2.01 0.5 2 0.4 -4.31938 
0.1 0.71 10 5 2.01 0.5 4 0.2 -2.04277 
0.1 0.71 10 5 2.01 1 2 0.2 -2.60225 
0.1 0.71 10 5 3 0.5 2 0.2 -1.15201 
0.1 0.71 10 10 2.01 0.5 2 0.2 -1.65284 
0.1 0.71 15 5 2.01 0.5 2 0.2 -3.47113 
0.1 0.1 10 5 2.01 0.5 2 0.2 -2.9577 
0.3 0.71 10 5 2.01 0.5 2 0.2 -6.35318 
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