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ABSTRACT 

The interaction of radiation and mass transfer in an electrically conducting fluid through a channel filled with 

porous medium has received little attention. Hence, an attempt is made to investigate the combined effects of 

a transverse magnetic field and radiation on an unsteady mass transfer flow with chemical reaction through a 

channel filled with saturated porous medium and non-uniform wall temperature. The equations of continuity, 

linear momentum, energy and diffusion, which govern the flow field, are solved by using an analytical 

method. The behaviour of the velocity, temperature, concentration, skin-friction, Nusselt number and 

Sherwood number has been discussed for variations in the governing parameters. 
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NOMENCLATURE 

B0 magnetic flux density T temperature 

C dimensionless concentration t time 

Cf skin friction coefficient u.v components of velocities along and  

Cp specific heat at constant pressure  perpendicular to the plate 

D mass diffusion coefficient  Up plate moving velocity 

Da Darcy number U
 scale of free stream velocity 

Gc solutal Grashof number Vo scale of suction velocity 

Gr Grashof number x,y distances of along and perpendicular to  

g acceleration due to gravity   the plate  

H Hartmann number   

Kr chemical reaction parameter    fluid thermal diffusivity. 

k thermal conductivity c  coefficient of volumetric concentration  

N Radiation parameter   expansion of the working fluid  

Nu Nusselt number f  coefficient of volumetric thermal  

n scalar constant  expansion of the working fluid  

Pe Peclet number    scalar constant (<<1) 

p pressure   dimensionless temperature 

Q heat generation parameter   fluid dynamic viscosity 

R Radiation parameter  ρ fluid density 

Rex local Reynolds number   constant 

Sc Schmidt number   electrical conductivity. 

Sh Sherwood number  υ fluid kinematic viscosity 

s porous medium shape factor parameter   friction coefficient 
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  frequency of the oscillation Superscripts  

Subscripts ( ) differentiation with respect to y 

w  wall condition * dimensional properties 

  free stream condition   

1. INTRODUCTION 

The study of convective heat and mass transfer from 

a solid body with different geometries embedded in 

a fluid saturated porous medium has varied and 

wide applications in many areas of science and 

engineering such as geothermal reservoirs, drying 

of porous solids, chemical catalytic reactors, 

thermal insulators, nuclear waste repositories, heat 

exchanger devices, enhanced oil and gas recovery, 

underground energy transport etc. Ingham and Pop 

(1998) and Nield and Bejan (1998) presented a 

comprehensive account of the convective heat 

transfer and fluid flow through porous media. Bejan 

and Khair (1985) treated one of the most 

fundamental cases, namely buoyancy-induced heat 

and mass transfer from a vertical plate embedded in 

a saturated porous medium. Lai and Kulacki (1991) 

investigated coupled heat and mass transfer by 

mixed convection from an isothermal vertical plate 

in a porous medium. Yih (1997) analyzed the effect 

of transpiration on coupled heat and mass transfer in 

mixed convection over a vertical plate embedded in 

a saturated porous medium. Singh and Mathew 

(2012) proposed an oscillatory free convective flow 

through a porous medium in a rotating vertical 

porous channel. 

There has been a renewed interest in studying 

magneto hydrodynamic (MHD) flow and heat 

transfer in porous and non–porous media due to the 

effect of magnetic fields on the boundary layer flow 

control and on the performance of many systems 

using electrically conducting fluids. In addition, this 

type of flow has attracted the interest of many 

investigators, in the view of its applications in many 

engineering problems such as MHD generators, 

plasma studies, nuclear reactors, and geothermal 

energy extractions. Engineers are continuously 

taking the task to improve the efficiency of the 

MHD energy systems (Aluwalia and Doss (1980). 

Raptis et al.(1982) analyzed hydromagnetic free 

convection flow through a porous medium between 

two parallel plates. Aldoss et al. (1995) studied 

mixed convection flow from a vertical plate 

embedded in a porous medium in the presence of a 

magnetic field. Chamkha (2000) considered MHD 

free convection flow from a vertical plate embedded 

in a thermally stratified porous medium with Hall 

effects. Kim (2000) presented an analysis of an 

unsteady MHD convection flow past a vertical 

moving plate embedded in a porous medium in the 

presence of transverse magnetic field. Kumar and 

Prasad (2014) analyzed the solution for MHD 

pulsatile flow driven by an unsteady pressure 

gradient between permeable beds of viscous 

incompressible Newtonian fluid saturated porous 

medium. 

The role of thermal radiation on the flow and heat 

transfer process is of major importance in the design 

of many advanced energy conversion systems 

operating at higher temperatures. Thermal radiation 

within these systems is usually the result of 

emission by hot walls and the working fluid. Bakier 

and Gorla (1996) studied thermal radiation effect on 

mixed convection from horizontal surfaces in 

porous media. Bakier (2001) reported the effect of 

radiation on mixed convection flow on an 

isothermal vertical surface in a saturated porous 

medium and has obtained self-similar solution. 

Hossain and Takhar (1996) analyzed the effect of 

radiation on mixed convection along a vertical plate 

with uniform surface temperature. Kim etal (2003) 

studied transient mixed radiative convection flow of 

a micro polar fluid past a moving, semi-infinite 

vertical porous plate. Makinde and Mhone (2005) 

studied radiation effect on MHD oscillatory flow in 

a channel filled with porous medium. Chauhan et al. 

(2010) investigated the radiation effects on MHD 

flow in a rotating vertical porous channel in 

presence of porous medium. Srinivas and Muthuraj 

(2010) proposed the effects of radiation and space 

porosity on MHD convection flow through a 

vertical channel. 

Combined heat and mass transfer problems with 

chemical reaction are of importance in many 

processes and have, therefore, received a 

considerable amount of attention in recent years. In 

processes such as drying, evaporation at the surface 

of a water body, energy transfer in a wet cooling 

tower and the flow in a desert cooler, heat and mass 

transfer occur simultaneously. Dekha et al. (1994) 

investigated the effect of the first order 

homogeneous chemical reaction on the process of 

an unsteady flow past a vertical plate with constant 

heat and mass transfer. Muthucumaraswamy and 

Ganesan (2001) studied the effect of the chemical 

reaction and injection on the flow characteristics in 

an unsteady upward motion of an isothermal plate. 

Uwanta et al (2011) studied the chemical reaction 

and thermal radiation effects on free convection 

flow through a porous medium. Sivaraj and Rushi 

Kumar (2011) found that the chemically reacting 

unsteady MHD oscillory slip, flow in a planer 

channel, in the presence of varying concentration. 

Raja Sekhar et al. (2012) studied the chemical 

reacting on MHD flow of oscillatory slip, flow in a 

planer channel, with varying temperature and 

concentration. Senapati and Dhal (2013) studied 

magnetic effect on mass and heat transfer of 

hydrodynamic flow, past a vertical oscillating plate 

in the presence of chemical reaction. 

Muthucumaraswamy et al. (2013) studied the 

radiation effects on unsteady flow past an 

accelerated isothermal vertical plate in presence of 

first order chemical reaction. 

However the interaction of radiation and mass 

transfer in an electrically conducting fluid through a 

channel filled with porous medium has received 

little attention. Hence, an attempt is made to 

investigate the combined effects of a transverse 
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magnetic field and radiation on an unsteady mass 

transfer flow with chemical reaction through a 

channel filled with saturated porous medium and 

non-uniform wall temperature. The equations of 

continuity, linear momentum, energy and diffusion, 

which govern the flow field is solved by using an 

analytical method. The behavior of the velocity, 

temperature, concentration, skin-friction, Nusselt 

number and Sherwood number has been discussed 

for variations in the governing parameters. 

2.  MATHEMATICAL ANALYSIS 

An unsteady two dimensional convective heat and 

mass transfer flow of a viscous, incompressible, 

electrically conducting optically thin fluid in a 

channel filled with saturated porous medium with 

chemical reaction is considered. A uniform applied 

homogeneous magnetic field is considered in the 

transverse direction. It is assumed that the fluid has 

small electrical conductivity and the 

electromagnetic force produced is very small. A 

homogeneous first order chemical reaction between 

fluid and the species concentration is considered, in 

which the rate of chemical reaction is directly 

proportional to the species concentration. A 

Cartesian coordinate system ( x , y ) is assumed, 

where x -axis lies along the center of the channel 

and y - axis in the normal direction. Then, under the 

usual Boussinesq’s approximation, the equations 

governing flow field under consideration are, 

Momentum equation: 

22
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1 eBu P u
u u
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Species equation: 
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The boundary conditions for the velocity, 

temperature and concentration fields are: 

0, ,w wu T T C C            on   1y   

0 00, ,u T T C C              on   0y                 (4) 

where u  is the axial velocity, t  - the time, T  - 

the fluid temperature, P - the pressure, g- the 

gravitational force, rq - the radiative heat flux ,   

and * - the coefficient of volume expansion due to 

temperature and concentration , pc - the specific 

heat at constant pressure, the thermal 

conductivity, K  - the porous medium permeability 

coefficient, 

Bo = 
0( )eH - the electromagnetic induction,

e - 

the magnetic permeability, Ho- the intensity of 

magnetic field, 
e - the conductivity of the fluid, 

- the fluid density and  - the kinematic viscosity 

coefficient. 

It is assumed that the temperature of the walls 
0T  , 

wT   are high enough to induce radiative heat 

transfer. Following Cogley et al. (1968), it is 

assumed that the fluid is optically thin with a 

relatively low density and the radiative heat flux is 

given by: 

2
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where  - is the mean radiation absorption 

coefficient. 

In order to write the governing equations and the 

boundary conditions in dimensionless form, the 

following non-dimensional quantities are 

introduced. 
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Where, U is the flow mean velocity and a being the 

width of the channel.  

In view of the Eq. (6), the equations (1) – (3) reduce 

to the following dimensionless form: 

2
2 2

2
Re ( )

u P u
s H u

t x y

  
    

  
Gr Gc    (7) 
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t y
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2

1
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The corresponding boundary conditions are: 

0u  ,  1  ,    1    on      y = 1 

0u  ,  0  ,   0    on       y = 0              (10) 

where Gr, Gc, H, N, Pe, Re, Da, s= (1/Da), Sc, Kr 

are thermal Grashoff number,solutal Grashof 

number, Hartmann number, Radiation parameter, 

Peclet number, Reynolds number, Darcy number, 

porous medium shape factor parameter, Schmidth 

number and chemical reaction parameter 

respectively. 
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3. SOLUTION OF THE PROBLEM 

In order to solve Eqs. (7)- (10) for purely oscillatory 

flow, let 

i tP
e

x




 


,
0( , ) ( ) i tu y t u y e  ,

0( , ) ( ) i ty t y e   , 
0( , ) ( ) i ty t y e         (11) 

where  is a constant and    is the frequency of 

the oscillation. 

Substituting the above expressions in Eq. (11) into 

Eqs. (7) -(10), we obtain, 
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The corresponding boundary conditions are: 

0 0u   , 
0 1  ,  

0 1    on  y= 1, 

0 0u   ,
0 0  ,  

0 0  on y= 0                               (15) 

where 

2

1 em N i P   , 2

2 Re Rem Kr Sc i Sc   

and 2 2

3 em s H i R   . 

Solving the Eqs. (12)- (14) subject to boundary 

conditions (15), we obtain the fluid velocity, 

temperature and concentration as follows: 
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The skin-friction, Nusselt number and Sherwood 

number are important physical parameters for this 

type of boundary layer flow. 

Knowing the velocity field, the skin-friction at both 

the walls of the channel can be obtained, which in 

non-dimensional form is given by: 
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Knowing the temperature field, the rate of heat 

transfer coefficient at both walls of the channel can 

be obtained, which in the terms of the Nusselt 

number, is given by: 
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Knowing the concentration field, the rate of mass 

transfer coefficient at both walls of the channel can 

be obtained, which in the terms of the Sherwood 

number, is given by: 
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y





 
  

 

= 2 2
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           (21) 

4. RESULTS AND DISCUSSION 

Numerical evaluation of analytical results reported 

in the previous section was performed and 

representative set of results is reported graphically. 

These results are obtained to illustrate the influence 

of various parameters on the velocity, temperature 

and concentration. For numerical validation of the 

analytical results, we have taken the real part of the 

results obtained in equations. The velocity, 

temperature, concentration, skin-friction, Nusselt 

number and Sherwood number are evaluated 

computationally for different sets of governing 

parameters viz., thermal Grashof number Gr, solutal 

Grashof number Gc, Hartmann number H, radiation 

parameter N, Peclet number Pe, Reynolds number 

Re, porous medium shape factor parameters, 

Schmidt number Sc and chemical reaction 

parameter Kr. In the present study we adopted the 

following default parametric values:  Gr = 1.0, Gc 

= 0.5, Pe = 0.71, H = 1.0, N = 1.0, s = 1.0, Sc = 

0.6, Kr = 0.5, Re = 1.0, t = 0.0,   = 1.0 and    

= 1.0. All the graphs therefore correspond to these 

values unless specifically indicated on the 

appropriate graph. 

It can be observed that the fluid velocity profile is 

parabolic with maximum magnitude along the 

channel centerline and minimum at the walls. Here 

θ correspond to the profiles of the non-dimensional 

temperature, θ is positive or negative according as 

the temperature in the flow field is greater than or 

less than the temperature on the boundary, y = 0 

(lower temperature plate). It is observed that in 

general the temperature θ is continuously positive 
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for variations of the governing parameters. Thus the 

temperature in the flow field is always higher than 

the temperature on the plate y = 0, and less than the 

temperature on the plate y =1. For any given set of 

parameters, the profiles indicate that the 

temperature gradually enhances from its lowest 

value on the boundary y = 0 to attain its highest 

prescribed value on the boundary y =1. 

Here   correspond to the profiles of the non-

dimensional concentration,   is positive or negative 

according as the concentration  in the flow field is 

greater than or less than the concentration on the 

boundary, y = 0 (lower concentration plate). It is 

observed that in general the concentration   is 

continuously positive for variations of the 

governing parameters. Thus the concentration in the 

flow field is always higher than the concentration 

on the plate y = 0, and less than the concentration 

on the plate y =1. For any given set of parameters, 

the profiles indicate that the concentration gradually 

enhances from its lowest value on the boundary y = 

0 to attain its highest prescribed value on the 

boundary y =1. 

For the case of different values of thermal Grashof 

number Gr, the velocity profiles are shown in Fig.1. 

The thermal Grashof number Gr signifies the 

relative effect of the thermal buoyancy force to the 

viscous hydrodynamic force in the boundary layer. 

As expected, it is observed that magnitude of fluid 

velocity increases with an increase in the Grashof 

number Gr. For the case of different values of 

solutal Grashof numberGc, the velocity profiles are 

shown in Fig.2. The solutal Grashof number Gc, 

defines the ratio of the species buoyancy force to 

the viscous hydrodynamic force. As expected, it is 

observed that magnitude of fluid velocity increases 

with an increase in the solutal Grashof number Gc. 

Figure 3 presents the typical velocity profiles in the 

boundary layer for various values of the magnetic 

field intensity H (Hartmann number), while all other 

parameters are kept at some fixed values. As 

expected, it is observed that the magnitude of fluid 

velocity decreases with an increase in the Hartmann 

number H. 

The effect of the porous medium shape factor 

parameter s on the velocity field is shown in Fig.4. 

An increase in s will therefore increase the 

resistance of the porous medium which will tend to 

decelerate the flow and reduce the velocity. This 

behavior is evident from Fig.4. 

Figures 5(a) and 5(b) illustrate the velocity and 

temperature profiles for different values of the 

radiation parameter N. The radiation parameter N 

defines the relative contribution of the heat transfer 

to thermal radiation transfer. The numerical results 

show that the effect of increasing values of radiation 

parameter N results in a rise in the velocity 

(Fig.5(a)). From Fig.5(b), it is observed that an 

increase in the radiation parameter results in an 

increase in the temperature. 

The influence of the Peclet number Pe on the 

velocity and temperature profiles is plotted in Figs. 

6 (a) and 6 (b) respectively. The Peclet number 

defines the ratio of momentum diffusivity to 

thermal diffusivity. The numerical results show that 

the effect of increasing values of Peclet number 

results in a decrease in the velocity (Fig.6 (a)). 

From Fig.6 (b), it is observed that an increase in the 

Peclet number results in a decrease in the 

temperature. The reason is that smaller values of Pe 

are equivalent to increase in the thermal 

conductivity of the fluid and therefore heat is able 

to diffuse away from the heated surface more 

rapidly for higher values of Pe. Hence, in the case 

of smaller Peclet numbers, the rate of heat transfer 

is reduced. 

Figures 7(a) and 7(b) depict the velocity and 

concentration profiles for different values of the 

Reynolds number Re. It is noticed that an increase 

in the Reynolds number Re results in a decrease in 

the velocity and concentration.  

The effect of the Schmidt number Sc on the velocity 

and concentration profiles are plotted in Figs.8(a) 

and 8(b) respectively. The Schmidt number 

embodies the ratio of the momentum to the mass 

diffusivity. The Schmidt number therefore 

quantifies the relative effectiveness of momentum 

and masstransport by diffusion in the hydrodynamic 

(velocity) and concentration (species) boundary 

layers. As the Schmidt number increases the 

concentration decreases. This causes the 

concentration buoyancy effects to decrease, yielding 

a reduction in the fluid velocity. This behaviors 

clear from Figs.8(a) and 8(b). 

The influence of chemical reaction parameter Kr on 

the velocity and concentration are shown in 

Figs.9(a) and 9(b) respectively. It is noticed that an 

increase in the chemical reaction parameter Kr 

results in a decrease in the velocity and 

concentration. 

The effects of various governing parameters on the 

wall shear stress  , Nusselt number Nu and the 

Sherwood number Sh at lower wall y = 0 and upper 

wall y = 1 of the channel are shown in Tables 1, 2 

and 3. From Table 1, it is observed that as Gr or Gc 

increases, there is a rise in the wall shear stress at 

both the walls. It is seen that as magnetic field 

intensity H increases, there is a fall in the wall shear 

stress at both the walls. From Table 2, it is observed 

that as the Peclet number Peincreases both the wall 

shear stress and Nusselt number decrease at the 

lower wall y = 0, but at the upper wall y = 1 wall 

shear stress decreases, while the Nusselt number 

increases. It is also noticed that as the radiation 

parameter Nincreases, both the wall shear stress and 

Nusselt number increase at both the walls. From 

Table 3, it is seen that as the Schimdt number Sh or 

chemical reaction parameter Krincreases both the 

wall shear stress and Sherwood number decreases at 

the lower wall y = 0, but  at the upper wall y = 1, 

wall shear stress decreases while the Sherwood 

number increases. Furthermore, the negative values 

of the wall shear stress, Nusselt number and 

Sherwood number, for all values of the parameters, 

are indicative of the physical fact that the heat flows 

from the sheet surface to the ambient fluid.  
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Fig. 1.Velocity profiles for different values of Gr 

 
Fig. 2. Velocity profiles for different values of Gc 

Fig. 3. Velocity profiles for different values of H 
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Fig. 5. (a) Velocity profiles for different values of 
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(a) 

 
(b) 

Fig. 7. (a) Velocity profiles for different values of 

Re; (b) Concentration profiles for different 

values of Re 
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Fig. 8. (a) velocity profiles for different values of 

Sc; (b) Concentration profiles for different 

values of Sc 
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Fig. 9. (a) Velocity profiles for different values of 

Kr; (b) Concentration profiles for different 

values of Kr 

 

Table 1 Numerical values of the shear stress of 
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0.6, Kr = 0.5 

Pe N (0)  (1)  N(0) Nu(1) 

0.71 

1.0 

0.71 

1.0 

1.0 

2.0 

-0.6418 

-0.6402 
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-0.6572 
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Table 3 Numerical values of the shear stress  and 

the rate of mass transfer i.e. Sherwood number 

of the channel for Gr = 1.0, Gc = 0.5 = 1.0, H = 

1.0,   = 1.0, t = 1.0, s = 1.0, Re = 1.0, w = 1.0, Pe 

= 0.71, N = 1.0 

Sc Kr (0)  (1)  Sh(0) Sh(1) 

0.6 

1.0 

0.6 

0.5 

0.5 

1.0 

-0.6418 

-0.6403 

-0.6386 

0.8862 

0.8845 

0.8824 

-0.9688 

-0.9417 

-0.9008 

-1.0571 

-1.1025 

-1.1992 

5. CONCLUSION 

This paper investigates the heat and mass transfer 

effects on MHD oscillatory flow in a channel filled 

with a porous medium in the presence of thermal 

radiation and chemical reaction. The velocity, 

temperature and concentration profiles are obtained 

analytically and used to compute the wall shear 

stress, rate of heat transfer and rate of mass transfer 

at the channel walls. The study concludes that the 

velocity increases with decreasing magnetic field 

parameter or Porous medium. It is also observed 

that the velocity and concentration increases with 

decreasing Schmidt number or chemical reaction 

parameter. The temperature profiles increase under 

the effect of radiation parameter and decrease under 

the effects of Peclet number. It is found that an 

increase in Reynolds number results in a decrease in 

the velocity and concentration. It is noticed that as 

the radiation parameter increases, both the wall 

shear stress and Nusselt number increase at both the 

walls. 
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