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ABSTRACT 
Separation of a heat absorbing or generating binary fluid 

mixture of incompressible viscous fluids in MHD natural 

convection flow about a vertical surface embedded in a 

saturated porous medium subjected to a chemical reaction is 

numerically analyzed, by taking into account the Soret and 

Dufour effects. The temperature and concentration profiles are 

drawn and the effects of magnetic, Lewish, Dufour, Soret, 

heat source, sustention parameter, order of the chemical 

reaction and chemical reaction parameter are exhibited 

graphically. The Nusselt and local Sherwood numbers are 

tabulated for various values of the above mentioned 

parameters. It is observed from the table that the Nusselt and 

local Sherwood numbers are effected significantly due to the 

presence of the chemical reaction and the magnetic field. 
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1. INTRODUCTION 
Due to many important engineering and geophysical 

applications, coupled heat and mass transfer by natural 

convection in a fluid-saturated porous medium has attracted 

considerable attention in the last several decades. Nield and 

Bejan [1] and Ingham and Pop [2, 3] have made 

comprehensive reviews in this field. Several researchers such 

as Bejan and Hair [4], Makinde [5], Makinde and Ogulu [6], 

Ibrahim and Makinde [7] have studied free convection heat 

and mass transfer problems neglecting Dufour and Soret 

effects on the basis that they are of a smaller order of 

magnitudes.  

Soret effect corresponds to species differentiation developing 

in an initial homogeneous mixture submitted to a thermal 

gradient [8]. The energy flux caused by a composition 

gradient is called Dufour or diffusion-thermo effect. 

Kafoussias and Williams [9], Anghel et al. [10], Postelnicu 

[11], Alam and Rahman [12] discussed free/forced convective 

heat and mass transfer boundary layer flow by taking into 

consideration the Dufour and Soret effects. Sharma [13] has 

analyzed the Soret and Dufour effects on demixing the binary 

fluid mixture in MHD natural convection flow in porous 

media. 

The combined heat and mass transfer problems with chemical 

reaction are of great importance in several processes. The 

effect of a chemical reaction depends upon whether the 

reaction is homogeneous or heterogeneous. In well-mixed 

systems, the reaction is heterogeneous, if it takes place at an 

interface and homogeneous, if it takes place in solution. In 

most cases of chemical reactions, the reaction rate depends on 

the concentration of the species itself. A reaction is said to be 

of the order n, if the reaction rate is proportional the nth power 

of concentration. 

Chambre and Young [14] have analyzed a first order chemical 

reaction in the neighbourhood of a horizontal plate. Apelblat 

[15] studied analytical solution for mass with a chemical 

reaction of first order. Das et al. [16] 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 

by Das et al. [17]. Postelnicu [18] has studied the influence of 

chemical reaction on heat and mass transfer in porous media 

considering Soret and Dufour effects. A. Jyothi Bala and S. 

Vijaya Kumar Varma also studied effect of heat generation 

and homogeneous chemical reaction on unsteady MHD heat 

and mass transfer through a semi-infinite vertical plate [19]. 

The present paper deals with the two dimensional steady, 

laminar, heat absorbing or generating, MHD boundary layer 

flow of an incompressible viscous electrically conducting 

binary fluid mixture in a porous medium under the influence 

of magnetic field and in the presence of a chemical reaction. 

The effects of material parameters on temperature and 

concentration are discussed through graphs. 

2. MATHEMATICAL FORMULATION 
We consider the steady two - dimensional natural convection 

in a porous medium saturated with a Newtonian fluid mixture 

bounded by an impervious vertical stationary flat plate in 

presence of heat generation or absorption effects and magnetic 

field intensity applied in a direction perpendicular to the plate. 

The x - coordinate is measured along the surface and the y - 

coordinate normal to it. The temperature of the ambient 

medium is T∞ and the wall temperature is Tw such that Tw > 

T∞. The flow along the vertical flat plate contains a species A 

slightly soluble in the fluid B, the concentration at the plate 

surface is Cw and the solubility of A in B far away from the 

plate is C∞. The concentration of dissolved A is small enough. 
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Fig.1: Flow model and physical coordinate system 

Under the boundary layer and Boussinesq approximations, the 

basic boundary layer equations describing the conservation of 

mass, momentum, energy and concentration can be written as 

follows: 
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where u and v are fluid velocity components along the x and y 

axes respectively, ν is the kinematic viscosity, g is 

acceleration due to gravity, ρ is density, βT is the coefficient 

of thermal expansion, βC is the coefficient of concentration 

expansion, k is the Darcy permeability, KT is the thermal 

diffusion ratio, K1 is the dimensional chemical reaction 

parameter, αm is thermal diffusivity, Tm is the mean fluid 

temperature, CS is the concentration susceptibility, C is the 

concentration, t is the temperature, CP is the specific heat at 

constant pressure, n is the order of the chemical reaction, Dm 

is mass diffusivity, µ is fluid dynamic viscosity, σ is electrical 

conductivity of the fluid. 

The boundary conditions are 

v = 0, T = TW, C = CW           at y = 0 

T → T∞, C → C∞           as y → ∞                                          (5) 

We now introduce the following dimensionless variables: 
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where ψ is the stream function that satisfies the continuity 

equation (1) and is defined as   
  

  
   

  

  
          

 

                   is the local Rayleigh number. 

Introducing the relation (6) into the equations (2) – (4) we 

obtain the following governing equations: 
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where M, Le, Df , Sr and N are magnetic, Lewis, Dufour, 

Soret numbers and the sustentation parameter respectively and 

are defined as 
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In order to get the similarity solutions, the constant 

dimensionless chemical reaction parameter γ and heat source 

parameter δ was introduced in equation (9) and (8) 

respectively defined as 
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The boundary conditions (5) are now transformed to 

f = 0, θ = 1,    = 1      at η = 0 

θ → 0,    → 0            as η→∞              (12)      

Equations (7) – (9) are non – linear and so their solution in 

closed form is not possible. Hence the set of equations (7) – 

(9) under the boundary conditions (12) have been solved 

numerically with MATLAB’s built – in solver bvp4c. From 

the process of numerical computation, the local Nusselt 

number and the local Sherwood number, which are 

respectively proportional to        and       , are also 

worked out and their numerical values are presented in a 

tabular form. 

3. RESULTS AND DISCUSSION 
Numerical calculations have been carried out for various 

values of the parameters Le, M, N, Df, Sr, δ, γ and n. Eight 

cases are considered: 

Case I  :   Le = (1, 2, 4), M = 1, N = 1, Df = 0.2, Sr = 0.2, 

γ = 1, n = 2, δ = 0.06 

Case II  :   Le = 1, M = (0, 0.5, 1), N = 1, Df = 0.2, Sr = 

0.2, γ = 1, n = 2, δ = 0.06 

Case III  :   Le = 1, M = 1, N = (1, 3, 6), Df = 0.2, Sr = 0.2, 

γ = 1, n = 2, δ = 0.06 

Case IV  :   Le = 1, M = 1, N = 1, Df = (0.2, 1, 3), Sr= 0.2, 

γ = 1, n = 2, δ = 0.06 

Case V  :   Le = 1, M = 1, N = 1, Df = 0.2, Sr= (0.1, 0.2, 

0.5), γ = 1, n = 2, δ = 0.06 

Case VI  :   Le = 1, M = 1, N = 1, Df = 0.2, Sr= 0.2, γ = (0, 

0.5, 1), n = 2, δ = 0.06 
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Case VII :   Le = 1, M = 1, N = 1, Df = 0.2, Sr= 0.2, γ = 1, n = 

(1, 2, 3), δ = 0.06 

Case VIII:   Le = 1, M = 1, N = 1, Df = 0.2, Sr= 0.2, γ = 1, n = 

2, δ = (0, 0.2, 0.3) 

The numerical results for temperature and concentration 

profiles are displayed in Figures (2)-(17). 

Case I: 

Figure (2) exhibit temperature profile for various values of Le. 

It is observed that the temperature decreases exponentially 

from its maximum value at the plate to its minimum value at 

the end of the boundary layer. It is also noticed that with an 

increase in the values of Lewis number Le, the temperature of 

the binary fluid mixture also increases slightly. 

Fig 2: Temperature profile for different values of Le 

The concentration profile for different values of Le is shown 

in figure (3). It is noticed that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is also 

observed that with an increase in the values of Le, the 

concentration of the fluid decreases sharply.  

Fig 3: Concentration profile for different values of Le 

Case II: 

Figure (4) shows the temperature profile for different values 

of M. It is noticed that there is an exponential decrease in 

temperature from its maximum value at the plate to its 

minimum value at the end of the boundary layer. In addition, 

it depicts that with an increase in the values of the magnetic 

parameter M, there is also an increase in the temperature of 

the binary fluid mixture.  

Fig 4: Temperature profile for different values of M 

The concentration profile for different values of M is shown in 

figure (5). It is observed that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is also 

noticed that with an increase in the values of the magnetic 

parameter M, there is a slight increase in concentration of the 

rarer and lighter components in the fluid. 
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Fig 5: Concentration profile for different values of M 

Case III: 

Figure (6) depicts the temperature profile for different values 

of N. It shows that the temperature decreases exponentially 

from its maximum value at the plate to its minimum value at 

the end of the boundary layer. It is observed that for various 

values of sustentation parameter, the temperature varies 

sharply near the plate. It is also noticed that with an increase 

in the values of N, the temperature of the fluid decreases 

sharply. 

Fig 6: Temperature profile for different values of N 

Figure (7) shows the concentration profile for different values 

of N. It is noticed that there is an exponential decrease in 

concentration of the rarer and lighter components from its 

maximum value at the plate to its minimum value at the end of 

the boundary layer. In addition, it depicts that with an increase 

in the values of the sustentation parameter N, there is a 

decrease in the concentration of the binary fluid mixture. 

Fig 7: Concentration profile for different values of N 

Case IV: 

The temperature profile for different values of Df  is shown in 

figure (8). It is observed that the temperature increases near 

the plate and attains its maximum value nearly at η = 1 and 

then decreases exponentially and is minimum at the end of the 

boundary layer. It is also noticed that for various values of Df , 

the maximum value of temperature increases rapidly near the 

wall of the plate as Dufour number increases and attains 

constant minimum at the end of the boundary layer. It also 

shows that with an increase in the values of Df , the 

temperature of the binary fluid mixture increases. 

Fig 8: Temperature profile for different values of Df 

Figure (9) depicts the concentration profile for different values 

of Df . It shows that the concentration decreases exponentially 

from its maximum value at the plate to its minimum value at 

the end of the boundary layer. It is observed that for various 

values of Dufour number, the concentration varies near the 

plate. It is also noticed that with an increase in the values of Df 

, the concentration of the fluid decreases slightly. 
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Fig 9: Concentration profile for different values of Df 

Case V: 

Figure (10) exhibit temperature profile for various values of 

Sr. The temperature decreases exponentially from its 

maximum value at the plate to its minimum value at the end of 

the boundary layer. It is observed that there is a slight 

variation in temperature for different values of Soret number. 

With the increase in the values of Sr, a decrease in values of 

temperature is observed. 

Fig 10: Temperature profile for different values of Sr 

The concentration profile for different values of Sr is shown in 

figure (11). It is noticed that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is also 

observed that with an increase in the values of Sr, the 

concentration of the fluid increases. 

Fig 11: Concentration profile for different values of Sr 

Case VI: 

The temperature profile for different values of γ is shown in 

figure (12). It shows that the temperature decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is 

observed that there is a very slight variation in temperature for 

different values of γ. It is also noticed that, with the increase 

in the values of the chemical reaction parameter, an increase 

in values of temperature is observed. 

Fig 12: Temperature profile for different values of γ 

Figure (13) depicts the concentration profile for different 

values of γ. It shows that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is 

observed that for various values of γ, the concentration varies 

near the plate. It is also noticed that with an increase in the 

values of γ, the concentration of the fluid decreases. 
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Fig 13: Concentration profile for different values of γ 

Case VII: 

Figure (14) depicts the temperature profile for different values 

of n. It is noticed that there is an exponential decrease in 

temperature from its maximum value at the plate to its 

minimum value at the end of the boundary layer. In addition, 

it shows that with an increase in the values of the order of the 

chemical reaction n, there is a decrease in the temperature of 

the binary fluid mixture. 

Fig 14: Temperature profile for different values of n 

The concentration profile for different values of n is shown in 

figure (15). It is noticed that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is also 

observed that with an increase in the values of n, the 

concentration of the binary fluid mixture increases sharply.   

Fig 15: Concentration profile for different values of n 

Case VIII: 

Figure (16) exhibit temperature profile for various values of δ.  

It is observed that the temperature increases near the plate and 

attains its maximum value nearly at η=1 and then decreases 

exponentially and is minimum at the end of the boundary 

layer. It is also noticed that for various values of δ, the 

maximum value of temperature increases rapidly near the wall 

of the plate as heat source parameter increases and attains 

constant minimum at the end of the boundary layer. It also 

shows that with an increase in the values of δ, the temperature 

of the binary fluid mixture increases. 

Fig 16: Temperature profile for different values of δ 

The concentration profile for different values of δ is shown in 

figure (17). It is noticed that the concentration decreases 

exponentially from its maximum value at the plate to its 

minimum value at the end of the boundary layer. It is also 

observed that with an increase in the values of heat source 

parameter δ, the concentration of rarer and lighter components 

of the binary fluid mixture decreases.   

Finally, the effects of the rate of heat and mass transfer are 

shown in Table – 1. The behaviour of these parameters is self 
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– evident from the Table - 1 and hence further discussion about them seems to be redundant. 

 
Fig 17: Concentration profile for different values of δ 

Table – 1. Numerical values for θ/(0) and Φ/(0). 

M Df Le γ δ n Sr N -  θ/(0) - Φ/(0) 

0 0.2 1 1 0.06 2 0.2 1 0.4224 1.0010 

0.5 0.2 1 1 0.06 2 0.2 1 0.3480 0.9707 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 1 1 1 0.06 2 0.2 1 -0.4271 1.0253 

1 3 1 1 0.06 2 0.2 1 -1.0253 1.4816 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 0.2 2 1 0.06 2 0.2 1 0.1079 1.3477 

1 0.2 4 1 0.06 2 0.2 1 -0.0384 2.0093 

1 0.2 1 0 0.06 2 0.2 1 0.3267 0.4244 

1 0.2 1 0.5 0.06 2 0.2 1 0.2568 0.7151 

1 0.2 1 1 0.06 2 0.2 1 0.2074 0.9252 

1 0.2 1 1 0 2 0.2 1 0.2902 0.9135 

1 0.2 1 1 0.2 2 0.2 1 -0.0410 0.9600 

1 0.2 1 1 0.3 2 0.2 1 -0.2869 0.9937 

1 0.2 1 1 0.06 1 0.2 1 0.1527 1.1142 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 0.2 1 1 0.06 3 0.2 1 0.2367 0.8218 

1 0.2 1 1 0.06 2 0 1 0.2059 0.9215 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 0.2 1 1 0.06 2 0.5 1 0.2111 0.9337 

1 0.2 1 1 0.06 2 0.2 1 0.2085 0.9252 

1 0.2 1 1 0.06 2 0.2 3 0.4026 0.9949 

1 0.2 1 1 0.06 2 0.2 6 0.6170 1.1008 

4. CONCLUSION 
Concentration of the rarer and lighter component of the binary 

fluid mixture increases with the increase of Magnetic 

parameter, Soret number and the order of chemical reaction 

parameter whereas decreases with the increase of the Lewis 

number, sustentation parameter, Dufour number and heat 

source parameter. 

In this paper we have considered the permeability of the 

porous medium to be constant. In many cases permeability of 

the porous media is found to be variable. So further 

investigation of the problem can be done to study the effects 

of the variation of the permeability of the porous medium as 

the concentration of the components of the binary fluid 

mixture. 
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