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Introduction 

Magnetohydrodynamics is one of the important sub-
fields of Fluid Dynamics which has quite significant 
applications in many branches of science and 
technology. Geothermal processes, liquid metal 
fluids, MHD power generators etc. are few examples 
where theories of MHD are used. It is obvious that 
MHD comes to action when the fluid is electrically 
conducting. Romin  had made a detailed review on  
MHD in his book especially in the field of electrically 
conducting fluid. Contemporarily Shercliff also wrote 
a book on MHD which in its contents contains lots of 
information regarding the effects of magnetic field 
on the electrically conducting fluids. In literature, 
extensive works has been done on electrically 
conducting fluids under the influence of different 
physical parameters. 

Combined heat and mass transfer are kinetic 
processes that may occur simultaneously in many 
physical and chemical processes. Combined heat and 
mass transfer situations are often encountered in the 
studies of mechanics. Mass transfer occurs due to 
species concentration difference in fluid mixture. 
Moreover, it is most convenient to realize that both 

processes are modelled by similar mathematical 
equations in the case of diffusion and convection. 

Lewis and Whitman in 1924 had paved the way to 
think about the transfer of the mass that may occur 
simultaneously with a heat transfer process. Realizing 
its importance in many disciplines such as 
mechanical engineering, chemical engineering, 
physical and biological sciences etc., investigations 
on simultaneous occurrence of heat and mass 
transfer started several decades ago.  

Dynamics of fluid, heat and mass transfer, magnetic 
effects etc. occurred in porous medium have been 
considered as an important branch of fluid 
mechanics as it is applicable to several disciplines of 
science and technology. It has also importance in 
many fields of practical interest. There are two basic 
approaches to tackle the problems of heat transfer in 
porous media viz. Darcian model for low velocity of 
porous fluids and non-Darcian or Forchheimer 
equation model for porous fluid with medium or 
high velocity. Research works on flow of porous fluid 
have been carried out by a good numbers of scholars 
under different physical situations along with the 
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effects of different parameters. Most of them are 
considered under steady state conditions. 

The analysis of hydro magnetic incompressible 
viscous flow involving heat and mass transfer is of 
great importance and in petro-chemical industry, 
power and cooling systems, chemical vapour 
deposition on surfaces, cooling of nuclear reactors, 
heat exchanger design, forest fire dynamics and 
geophysics as well as in magneto hydrodynamic 
power generation systems. Many analytical and 
numerical studies have been conducted to explain 
the various aspects of boundary layer flow with heat 
and mass transfer over flat surfaces using both 
Darien and non-Darcian models for the porous 
medium drag effects. Raptis (2004) studied MHD 
asymmetric flow of an electrically conducting fluid 
past a semi-infinite stationary plate. Liu (2005) 
analyzed the hydro magnetic fluid flow past a 
stretching sheet in presence of a uniform transverse 
magnetic field. Chen (1998) investigated the fluid 
flow and heat transfer on a stretching vertical sheet, 
and his work has been extended by Ishak (2008) to 
hydro magnetic flow and they found that as the 
magnetic field increases, the surface skin friction as 
well as the surface Nusselt number decreases. 

Besides this the study of heat transfer characteristics 
over a porous stretching surface is very important. 
Chamkha (1997) analyzed the steady hydro magnetic 
two- dimensional flow and heat transfer in a 
stationary electrically- conducting and heat-
generating fluid driven by a continuously moving 
porous surface immersed in a fluid-saturated porous 
medium and concluded that the heat transfer 
characteristics are enhanced by the porous medium. 
The problem of magneto hydrodynamic natural 
convection about a vertical stretching sheet 
embedded in porous medium is studied by Pop and 
Postelnicu(1999). Makinde (2005) investigated the 
free convection flow with radiation and mass transfer 
past a moving vertical porous plate. He also studied 
the effects of mass transfer on MHD boundary layer 
flow past a vertical plate embedded in porous 
medium in presence of constant heat flux(2009). 
Abbas and Hayat (2008) investigated the magneto 
hydrodynamics boundary layer flow in a porous 
space. 

The radioactive effects are also having great 
importance in physics and engineering particularly in 
space technology and high temperature processes. 
Effects of radiation have been studied by Seddeek 

and Abdelmeguid (2006) , MamunMolla and Anwar 
Hossain (2007), Sajid and Hayat (2008), Bataller 
(2008), Cortell (2008), Abdul Hakeem and 
Sathiyanathan (2009)  and Chen (2010). Ouaf (2005) 
obtained an exact solution of thermal radiation on 
magnetohydrodynamics flow over a stretching 
porous sheet.  

Heat generation is also important in the context of 
exothermic or endothermic chemical reaction. The 
thermal radiation and heat generation effects on 
MHD convective flow is new dimension added to the 
study of stretching surface has important 
applications in physics and engineering particularly 
in space technology, high temperature processes, 
and in polimar processing industry. Moalem (1976)  
investigated steady state heat transfer within porous 
medium in presence of temperature depended and 
heat generation. Chamkha and Camille (2000) 
studied the effect of heat generation and 
thermophoresis on MHD flow with heat and mass 
transfer over a stretching sheet. Dulal Pal (2011) has 
investigated the combined effects of non-uniform 
heat source/sink and thermal radiation on heat 
transfer over a stretching surface. However the 
interaction of radiation with mass transfer of an 
electrically conducting and diffusing fluid past a 
stretching surface has received little attention.An 
investigation is also made on MHD boundary layer 
flow through a porous medium over a stretching 
sheet with chemical reaction by P.Mangathai, B.Rami 
Reddy and G.V.RamanaReddy (2015). 

Here in this paper an investigation with the radiation 
effects on a steady free convection flow over a 
vertical stretching sheet in presence of magnetic 
field, heat generation and chemical reaction along 
with soret effect and dufour effect is considered. The 
governing equations are transformed by using 
similarity transformation and the resulting 
dimensionless equations are solved numerically 
using the Runge-Kutta fourth order method with 
shooting technique. 

Formulation of the Problem 

Descriptive Analysis of Flow 

A steady two dimensional free convection boundary 
layer flow over a vertical stretching surface in an 
incompressible, viscous and electrically conducting 
fluid in the presence of a transverse magnetic field, 
thermal radiation, heat generation and chemical 
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reaction with Soret effect and Dufour effect 
embedded in porous media is considered. The x co-
ordinate is taken along the stretching sheet and y 
co-ordinate is considered normal to the surface. Two 
equal and opposite forces are applied along the x-
axis, so that the sheet is stretched, keeping the origin 
fixed. The stretching surface is assumed to have the 
velocity of the form axxU )(  where a is a 
constant. The ambient temperature T , surface 
temperature wT , the ambient concentration C  and 
the surface concentration wC are assumed to be 
constant. A uniform transverse magnetic field of 
strength 0B  is applied parallel to the y –axis along 
with chemical reaction taking place in the flow. The 
viscous dissipation effect and Joule heat are 
neglected on account of the fluid finite conductivity. 
It is assumed that the induced magnetic field, the 
external electric field and the electric field due to the 
polarization of charges are negligible. The density 
variation and the effects of the buoyancy are taken 
into account in the momentum equation 
(Boussinesq’s approximation) and the concentration 
of species far from the wall is assumed infinitesimally 
small and the viscous dissipation term in the energy 
equation is neglected (as the fluid velocity is very 
low). 

Governing Equations 

Under the above assumptions, the governing 
boundary layer equations of momentum, energy and 
diffusion under Boussinesq approximations written 
as follows:  

Continuity Equation 
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Energy Equation 
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Species Equation 
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Where 

u andv  are velocity components 

T and C are temperature and     concentration of 
fluid 

 is the kinematic viscosity 

g is the acceleration due to gravity 

  is the volumetric coefficient of thermal expansion 

* is the volumetric concentration coefficient 

0B is the magnetic induction 

 is the fluid de nsity 

 is the fluid electrical conductivity 

*K is the permeability coefficient of porous medium 

k is the thermal conductivity 

rq is the radioactive heat flux 

pC is the specific heat at constant pressure 

0Q is the dimensional heat       
generation/absorption coefficient  

D is the mass diffusivity and  

*Kr is the chemical reaction parameter. 

The boundary conditions for velocity, temperature 
and concentration fields are , 

,)( axxUu    0v , 
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TT , CC            at 0y  

0u ,   TT , CC           at y  (5)
      

Using the Rosseland approximation, the radiative 
heat flux 
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Where is the Stefan-Boltzman constant and *k  is 
the absorption coefficient. The temperature 
differences within the flow are assumed to be 
sufficiently small such that 4T  may be expressed as 
a linear function of temperature, 

434 34   TTTT     (7) 

Substituting (3.6) and (3.7) into (3.3) yield 
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We introduce the similarity transformation as follows: 
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Where  is the similarity variable,   is the stream 
function and ,f  and   are dimensionless stream 
function, temperature and concentration, 
respectively. The stream function   is defined by  
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With these changes of variables equation (3.1) is 
identically satisfied and equations (3.2), (3.4) and 
(3.8) are transformed to nonlinear ordinary 
differential equations as follows 
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The corresponding boundary conditions take the 
form 
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Method of Solution 

The obtained coupled and nonlinear ordinary 
differential equations (11), (12) and (13) under the 
boundary conditions (14) are tedious to solve. In 
order to solve the equations, the given boundary 
value problem is converted into simultaneous linear 
differential equations and then to initial value 
problems and then solved by shooting method using 
R K method fourth order.  The validity of the present 
computations has been confirmed via benchmarking 
with several earlier studies. The entire computation 
procedure is implemented using a program written 
and carried out using Mathematica computer 
language.  From the process of computation the fluid 
velocity, the temperature, the concentration, the Skin 
friction coefficient, Nusselt number and Sherwood 
number are proportional tof’(η) , θ (η) , Φ (η)  f”(η) , 
θ’ (η) , Φ’ (η). 

Results and Discussion 

In order to get physical insight of the problem we 
have studied the main flow, skin friction, heat and 
mass flux as functions of various parameters 
Reynolds number, Prandtl number, Suction 
parameter, Frequency parameter, Schmidt number, 
thermal Grashof  number and mass Grashof number. 
The effect of flow parameters on velocity filed, 
temperature field, concentration field, skin friction, 
Nusselt number and Sherwood number have been 
analyzed numerically and discussed with the help of 
numerical values. 

The heat and mass transfer problem associated with 
MHD flow of the nanofluids over a continuously 
moving surface has been studied in the following 
figures 1-6 and Table-1 indicates the values of skin 
friction, Nusselt Number and Sherwood Number for 
different values of the physical parameters 

 

 

 

 

 

List of Figures 

 

Fig. 1:  Effects of magnetic parameter (M) on velocity 
Profiles. 

 

Fig. 2:  Effects of Grashof number (Gr) on velocity 
Profiles. 

 

Fig. 3:  Effects of Modified Grashof number (Gc) on 
velocity Profiles. 
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Fig. 4:  Effects of magnetic parameter (M) on 
Temperature Profiles 

 

Fig. 5:  Effects of magnetic parameter (M) on 
Concentration Profiles 

 

Fig. 6: Effects of Prandtl number on Temperature 
Profiles 

List of Tables 

Table 1: The values of skin friction, Nusselt Number 
and Sherwood Number for different values of the 
physical parameters 

 

Conclusion 

In this study, a mathematical model for a two 
dimensional MHD boundary layer flow on a vertical 
plate has been designed considering various physical 
parameters such as effects of radiation, chemical 
reaction, viscous and ohmic dissipation effects and 
heat source. The validity of the present computations 
has been confirmed via benchmarking based on 
several earlier studies. The entire computation 
procedure is implemented using a program written 
in Mathematica software. 

 The increase in magnetic parameter is to 
increase both velocity and temperature profiles and 
concentration profiles.  
 The increasing values of Grashof number and 
modified Grashof number increase velocity profiles. 
 The increase in Prandtl number is to decrease in 
temperature profiles.   
 As increasing Radiation parameter, the skin 
friction coefficient and nusselt number decreases. 
 The skin friction and Sherwood number increase 
as Schmidt number increases. 
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