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 The paper examined the radiation effect on unsteady MHD free convection 
heat and mass transfer flow on a viscous, incompressible, electrically 
conducting fluid past a vertical permeable moving plate with radiation. The 
non-linear partial differential equations governing the flow have been solved 
numerically using finite element method.  It has been observed that the 
velocity increase with the increase in the radiation parameter and there is an 
increase in temperature with the increase in the value of radiation parameter. 
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1. INTRODUCTION 

Radiation and on the optical properties of the emitter, with its internal energy being converted to is 
the process of heat propagation by means of electromagnetic waves, depending only on the temperature 
radiation energy. The process involving the convection of internal energy of the solution in to radiation 
energy is known as radiation heat transfer. In contrast to the mechanism of conduction and convection, where 
energy transfer through a material medium is involved, heat also be transferred through regions where a 
perfect vacuum exists. The mechanism in this case is electromagnetic radiation. The electromagnetic 
radiation which is propagated as a result of temperature differences, this is called thermal radiation. 

The effect of radiation on MHD flow and heat transfer problem have become more 
important industrially. A thigh operating temperature, radiation effect can be quit esignificant. 
Many processesin engineering are as occura thigh temperature and a knowledge of radiation heat 
transfer becomes very important for the design of the pertinent equipment. Nuclear power plants, 
gasturbines and the various propulsion devices for aircraft, missiles, satellites and space vehiclesare 
examples of such engineering areas. Bestman [1] examined the natural convection boundary layer 
with suction and mass transfer in a porous medium. His results confirmed the hypothesis that 
suction stabilises the boundary layer and affords the mostefficient methodin boundary layer control 
yet known. Abdus Sattarand Hamid Kalim [2] investigated the unsteady free convection interaction 
with thermal radiation in a boundary layer flow pasta vertical porous plate. Makinde [3] examined 
the transient free convection interaction with thermal radiation of an absorbing-emitting fluid along 
moving vertical permeable plate. Recently, Ibrihemetal, [4] have studied nonclassical thermal 
effects in Stokes’ second problem for micropolar fluids by used perturbation method. 
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Muthucumaraswamy and Ganesan [5] studied effect of the chemical reaction and injection 
on flow characteristics inanunsteady up ward motion of an isothermal plate. Dekaetal, [6] studied 
the effect of the first-order homogeneous chemical reactionon the process of an unsteady flow pastan 
infinite vertical plate with a constant heat and masstransfer.  Chamkha [7] studied the MHD flow 
of a numerical of uniformly stretched vertical permeable surface in the presence of heat 
generation/absorption and a chemical reaction. Soundalgekar and Patti [8] studied the problem of 
the flow past an impulsi vely started isothermal infinite vertical plate with mass transfer effects. The 
effect of foreign masson the free-convection flow pastasemi-infinite vertical plate were studied [9]. 
Chamkha [10] assumed that the plate is embedded in a uniform porous medium and moves with a 
constant velocity in the flow direction in the presence of a transverse magnetic field. Raptis [11] 
investigate the steady flow of a viscous fluid throug havery porous medium bounded by a porous 
plate subjected to a constant suction velocity by the presence of thermal radiation. Raptisand 
Perdikis [12] studied the unsteady free convection flow of waternear 40 Cinthelaminar boundary 
layer over a vertical moving porous plate. 

Chambreet al [13] have analyzed a first order chemical reaction in the neighborhood of a stationary 
horizontal plate. Das et al [14] have studied the effect of homogeneous first order chemical reaction on the 
flow past an impulsively started infinite vertical plate with uniform heat flux and mass transfer. Again, mass 
transfer effects on moving isothermal vertical plate in the presence of chemical reaction studied by Das et al 
[15]. The dimensionless governing equations were solved by the usual Laplace-trans form technique and the 
solutions are valid only at lower time level. Radiation and chemical reaction effects on isothermal vertical 
oscillating plate with variable mass diffusion has been studied byManivannan et al [16]. 

Inspite of all the sestudies, the heat and mass transfer effects on unsteady magneto 
hydrodynamic free convection flow past avertical permeable moving plate with radiation. 

 
 

2. MATHEMATICAL ANALYSIS 
Consider unsteady two-dimensional flow of alaminar, viscous, electrically conducting and 

heat-absorbing fluid pastasemi-infinite vertical permeable moving plate embedded in a uniform 
porous medium and subjected to a uniform transverse magnetic field in the presence of thermal and 
concentration buoyancy effects. It is assumed that there is no applied voltage which him   plies the 
absen ceofanel ectrical field. The fluid properties are as sumed to be constant except that the 
influence of density variation with temperature has been considered only in the body-for ceterm. 
The concentration of diffusing species is very small in comparison toot her chemical species, the 
concentration of species far from the wall, C

∞
, is infinite simally small [5] and hence the Soret and 

Dufour effects are neglected. The chemical reactions are taking place in the flow and all 
thermophysical properties are assumed to be constant of the linear momentum equation which is 
approximated according to the Boussines approximation. Dueto the semi-infinite plane surface 
assumption, the flow variables a refunction sofy *and the timet* only. Under the seassumptions,   the 
equations that describe the physical situation are given by 
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where ∗x , ∗y ,and ∗t are the dimensional distances along and perpendicular to the plate and 

dimensional time, respectively. U *and v *are the components of dimensional velocities along ∗x  
and ∗y directions, respectively, T* is the dimensional temperature, C* is the dimensional 

concentration, Cw and Tw are the concentration and temperature at the wall, respectively. C∞ and T∞ 
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are the free stream dimensional concentration and temperature, respectively. � is the fluiddensity, v 
is the kinematic viscosity, cp is the specific heat at constant pressure, � is the fluid electrical 
conductivity, Bo is the magnetic induction, K* is the permeability of the porous medium, ��

∗ is the 
coefficient of proportionality for the absorption of radiation, D is the mass diffusivity, g is the 

gravitational acceleration, and Tβ  and cβ
 

are the thermal and concentration expansion 

coefficients, respectively and Kl is the chemical reaction parameter. The magnetic and viscous 
dissipations are neglected in this study. The third and fourth terms on the RHS of the momentum 
equation (2) denote the thermal and concentration buoyancy effects, respectively. Also, the second 
and third terms on the RHS of the energy equation (3) represents the heat and radiation absorption 
effects, respectively. It is assumed that the permeable plate moves with a variable velocity in the 
direction of fluid flow. Inaddition, it is assumed that the temperature and the concentration at the 
wall as well as the suction velocity are exponentially varying with time. 
Under these assumptions, the appropriate boundary conditions for the velocity, temperature and 
concentration fields are 
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where ��

∗  is the wall dimensional velocity, n* is constant. It is clear from Eq. (1) that the 
suction velocity at the plate surface is a function of time only. Assuming that it takes the following 
exponential form:

 v*= -V0(1+εAen*t* ),                                                                                                     (6) 
where A is areal positive constant, ε and εA are small less than unity, and Vo is a scale of suction 
velocity which has non-zero positive constant. Introducing the dimensionless quantities: 
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In view of the above non-dimensional variables, the basic field Eqs. (2)–(4) can be expressed in non 
dimensional form as 
 

( ) uM
AeK

u

y

u
GmCGr

y

u
Ae

t

u
nt

o

nt 2
2

2

1
)1( −

+
−

∂
∂++=

∂
∂+−

∂
∂

ε
θε

   

(8) 

θθθεθ
R

yy
Ae

t
nt −

∂
∂=

∂
∂+−

∂
∂

2

2

Pr

1
)1(

       

(9)

 

CK
y

C

Scy

C
Ae

t

C
r

nt −
∂
∂=

∂
∂+−

∂
∂

2

21
)1( ε       (10)  

The corresponding boundary conditions are 
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where  RKMGmGr o Pr,,,,, and Scare the thermal Grashof number, solutal Grashof number, magnetic 

field parameter, permeability parameter,Prandtl number, radiation parameter and Schmidt  number 
respectively. 
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The mathematical statement of the problem is now complete and embodies the solution of Eqs. (8)-
(10) subject to boundary condition (11). 

 
 

3. METHOD OF SOLUTION: 
The set of differential Equations (8) to (10) subject to the boundary conditions (11) are highly 

nonlinear, coupled and therefore it cannot be solved analytically.  Hence, following Reddy17 and Bathe18 the 
finite element method is used to obtain an accurate and efficient solution to the boundary value problem 
under consideration. The fundamental steps comprising the method are as follows: 
Step 1: Discretization of the domain into elements: 

The whole domain is divided into finite number of sub-domains, a process known as discretization 
of the domain. Each sub-domain is termed a finite element. The collection of elements is designated the finite 
element mesh. 
Step 2: Derivation of the element equations: 

The derivation of finite element equations i.e. algebraic equations among the unknown parameters 
of the finite element approximation, involves the following three steps: 
a. Construct the variational formulation of the differential equation. 
b. Assume the form of the approximate solution over a typical finite element. 
c. Derive the finite element equations by substituting the approximate solution into variational formulation. 
Step 3: Assembly of element equations:  

The algebraic equations so obtained are assembled by imposing the inter-element continuity 
conditions. This yields a large number of algebraic equations, constituting the global finite element model, 
which governs the whole flow domain. 
Step 4: Impositions of boundary conditions: 

The physical boundary conditions defined in equation (11) are imposed on the assembled equations.  
Step 5: Solution of the assembled equations: 

The final matrix equation can be solved by a direct or indirect (iterative) method. For computational 

purposes, the coordinate Y  is varied from 0 to maxY , where maxY  represents infinity i.e. external to the 

momentum, energy and concentration boundary layers.  Numerical solutions for these equations are obtained 
by C-program. In order to prove the convergence and stability of finite element method, the same C-program 
was run with slightly changed values of h andk .This process is repeated until the desired accuracy of 
0.0005 is obtained. Hence, the finite element method is stable and convergent.   

The skin-friction, Nusselt number and Sherwood number are important physical parameters for this 
type of boundary layer flow. 
The skin-friction at the plate, which in the non-dimensional form is given by 
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The rate of heat transfer coefficient, which in the non-dimensional form in terms of the Nusselt number is 
given by   
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The rate of mass transfer coefficient, which in the non-dimensional form in terms of the Sherwood number, is 
given by      
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Where  
ν

xV
x

0Re =   is the local Reynolds number. 

 
 

4. RESULTS AND DISCUSSION:  
Numerical evaluation of the analytical results reported in the previous section was performed and a 

representative set of results is reported graphically in figs.1-12. These results are obtained to illustrate the 

influence of thethermal Grashof number Gr , SolutalGrashof number Gm , magnetic parameterM , 

Permeability parameter K ,  thermal radiationR , Prandtl number Pr , Schmidt number Sc  and chemical 

reaction parameter rK on the velocity, temperature and the concentration profiles, while the values of the 

physical parameters are fixed at real constants 
With

,5.0,5.0,5.0,6.0,0.1,71.0Pr,5.0,2.0,0.2 ========== pr uAKScRKMGmGr

0.1,1.0,2.0 === tnε  All graphs therefore correspond to these values unless specifically indicated on 

the appropriate graph.        
Figure 1 presents typical velocity profiles in the boundary layer for various values of the thermal 

Grash of number Gr , while all other parameters are kept at some fixed values. The thermal Grashof number 
Gr defines the ratio of the species buoyancy force to the viscous hydrodynamic force. As expected, the fluid 
velocity increases and the peak value is more distinctive due to increase in the species buoyancy force. The 
velocity distribution attains a distinctive maximum value in the vicinity of the plate and then decreases 
properly to approach the free stream value. 

The influence of the SolutalGrashof number Gm  on the velocity is presented in Figure 2. The 
Solutal Grashof number signifies the relative effect of the thermal buoyancy force to the viscous 
hydrodynamic force in the boundary layer. As expected, it is observed that there is a rise in the velocity due 
to the enhancement of thermal buoyancy force. Here, the positive values of Gm correspond to cooling of the 
plate. Also, as Gm increases, the peak values of the velocity increases rapidly near the porous plate and then 
decays smoothly to the free stream velocity. 

For different values of the magnetic field parameter M, the velocity profile are plotted in Figure  3. 
It is obvious that the effect of increasing values of the magnetic field parameter results in a decreasing 
velocity distribution across the boundary layer.  Figure 4 illustrate the variation of velocity distribution across 
the boundary layer for various values of the permeability parameter K. The velocity increases with aincrease 
in permeability parameter K. 

Figures 5 and 6 illustrate the velocity and temperature profiles for different values of the Prandtl 
number Pr . The Prandtl number defines the ratio of momentum diffusivity to thermal diffusivity. The 
numerical results show that the effect of increasing values of Prandtl number results in a decreasing velocity 
(Fig 5). From Fig 6, it is observed that an increase in the Prandtl number results a decrease of the thermal 
boundary layer thickness and in general lower average temperature within the boundary layer. The reason is 
that smaller values of Pr are equivalent to increasing the thermal conductivities, and therefore heat is able to 
diffuse away from the heated plate more rapidly than for higher values of Pr . Hence in the case of smaller 
Prandtl numbers as the boundary layer is thicker and the rate of heat transfer is reduced. 

For different values of the radiation parameter R the velocity and temperature profiles are plotted in 
Figures 7 and 8. It is obvious that an increase in the radiation parameter R  results an increasing in the 
velocity and temperature profiles within the boundary layer, as well as an increasing in the momentum and 
thermal thickness. This is because the large R values correspond to an increased dominance of conduction 
over radiation thereby increasing buoyancy force (thus, vertical velocity) and thickness of the thermal and 
momentum boundary layers.  

Figures 9 and 10 display the effects of the Schmidt number Sc  on the velocity, temperature and 
concentration profiles, respectively. As the Schmidt number increases, the concentration decreases. This 
causes the concentration buoyancy effects to decrease yielding a reduction in the fluid velocity. The 
reduction in the velocity, temperature and concentration profiles are accompanied by simultaneous reductions 
in the momentum and concentration boundary layers thickens. These behaviors are clearly shown in Figs. 9 
and 10. 

Figures 11 and 12,   displays results for the velocity and concentration distributions respectively. It 

is seen, that the velocity and concentration increases with decreasing the chemical reaction parameterrK .   
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Also, we observe that the magnitude of the stream wise velocity increases and the inflection point for the 
velocity distribution moves further away from the surface. 
 

 
5. CONCLUSION  

The plate velocity was maintained at a constant value and the flow was subjected to a transverse 
magnetic field. The resulting partial differential equations were transformed into a set of ordinary differential 
equations using finite element method. Numerical results were performed and some graphical results were 
obtained to illustrate the details of the flow and heat and mass transfer characteristic and their dependence on 
some of the physical parameters. It was found that the velocity profiles increased due to decrease in chemical 
reaction parameter, the Schmidt number, magnetic field and Prandtl number parameters while it increased 
due to increases in thermal Grashof number, Solutal Grash of number, radiation parameter and Permeability 
parameters. However, an increase temperature profile is a function of an increase in radiation parameter 
while it decreased due to increases in Prandtl number. Also, it was found that the concentration profile 
increased due to decreases in the chemical reaction parameter and the Schmidt number. 
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Figure 1. Velocity profiles against y for different values ofGr
 

 

Figure 2. Velocity profiles against y for different values ofGm 

 

Figure 3. Velocity profiles against y for different values ofM
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Figure 4. Velocity profiles against 

Figure 5. Velocity profiles against

Figure 6.Temperature profiles against
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5. Velocity profiles againsty for different values ofPr

6.Temperature profiles againsty for different values ofPr
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Figure 8.Temperature profiles against

Figure 9. Velocity profiles against
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7. Velocity profiles againsty for different values ofR
 

8.Temperature profiles againsty for different values ofR

9. Velocity profiles againsty for different values ofSc
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Figure 10. Concentration profiles against y  for different values ofSc 

 

Figure 11. Velocity profiles against y  for different values of rK
 

 

Figure 12.Concentration profiles against y  for different values of rK  
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