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Abstract— Soret and Dufour effects on heat and mass 

transfer in buoyancy driven steady flow of a chemically 

reacting, hydromagnetic fluid over a rotating cone in a 

uniform non Darcian porous medium are investigated. The 

governing nonlinear partial differential equations are 

transformed into non dimensional nonlinear ordinary 

differential equations using a similarity transformation and 

are solved numerically by using MATLAB‟s built in solver 

bvp4c. Comparisons with previously published work are 

performed and found to be in excellent agreement. 

Graphical results are presented to show the influence of the 

Dufour number, Soret number, dimensionless chemical 

reaction parameter and order of the chemical reaction. It is 

concluded that the Soret number, Dufour number and the 

order of the chemical reaction play a crucial role on the heat 

and mass transfer.                     
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I. INTRODUCTION 

Heat and mass transfer has received great amount of 

attention of the researchers for its applications in reservoir 

engineering, chemical industries, extending theory of 

separation processes, hydro-metallurgical industries and 

other processes. Heat and mass transfer in rotating systems 

is of considerable interest due to its occurrence in many 

industrial, engineering and geothermal applications such as 

nuclear reactors, design of rotating machinery, gas turbines, 

shielding of rotating bodies, atmospheric and oceanic 

circulations, filtration, various propulsion devices for space 

vehicles, missiles, satellites and aircraft, power 

transformers, vortex chambers and in the modelling of many 

geophysical vortices [1, 2]. The geothermal gases being 

electrically conducting are affected by the presence of a 

magnetic field. Such problem is relevant in areas of 

geophysics and astrophysics such as rotation of stars, 

cooling of nuclear reactors, existence of geomagnetic field, 

hydromagnetic flow and heat transfer in the earth‟s liquid 

core and others [3, 4]. Chemical reactions in combined heat 

and mass transfer problems play a significant role. Chemical 

reactions are either homogeneous or heterogeneous 

processes. The reaction is homogeneous, if it occurs 

uniformly through a given phase. In well mixed system, it 

takes place in the solution while a heterogeneous reaction 

occurs at the interface i.e. in a restricted region or within the 

boundary of a phase. If the rate of reaction is proportional to 

the n
th

 power of concentration then the chemical reaction is 

said to be of order „n‟. Chemical reaction between a foreign 

mass and the fluid occurs in many industrial applications 

such as polymer production, the manufacturing of ceramics 

or glassware, formation and dispersion of fog, damage of 

crops due to freezing, distribution of temperature and 

moisture over groves of fruit trees and so on. 

II. RELATED WORK 

Many researchers such as Sparrow and Cess [5], Riley [6], 

Raptis and Kafoussias [7], Raptis and Singh [8], Raptis [9], 

Hossain [10], Kafoussias [11], Takhar and Ram [12] 

Chamkha [13] have investigated on magnetohydrodynamic 

flow and heat transfer in porous and non-porous geometries. 

Inertial and boundary effects on flow in a porous media are 

termed as non-Darcy effects and are important where the 

flow velocity is relatively high and in the presence of a 

boundary. When the pressure drop across the porous 

medium is a quadratic function of the velocity then the 

condition of high velocity is realized. A detailed discussion 

on these non-Darcian effects is reported by Vafai and Tien 

[14]. 

The Soret and Dufour effects on natural convection 

heat and mass transfer from a vertical cone in a porous 

medium were studied by Cheng[15]. The influence of 

chemical reaction on heat and mass transfer by natural 

convection from vertical surfaces embedded in fluid 

saturated porous medium considering Soret and Dufour 

effects was discussed by Postelnicu[16]. Sharma et al.[17] 

discussed the influence of chemical reaction, heat source, 

Soret and Dufour effects on separation of a binary fluid 

mixture in MHD natural convection flow in porous media. 

Sharma et al. [18] investigated the influence of the order of 

chemical reaction and Soret effect on mass transfer of a 

binary fluid mixture in porous media. Influence of chemical 

reaction, Soret and Dufour effects on heat and mass transfer 

of a binary fluid mixture in porous medium over a rotating 

disk was discussed by Sharma and Borgohain [19]. 

Heat transfer by laminar flow from a rotating cone 

was studied by Tien [20]. Laminar combined convection 

from a rotating cone was investigated by Hering and Grosh 

[21]. Himashekhar and Sharma [22] studied the effects of 

suction on heat transfer from rotating cone. Chamkha [23] 

discussed the MHD mixed convection from a rotating cone 

embedded in porous medium with heat generation. 

Anilkumar and Roy [24, 25] studied the unsteady mixed 

convection flow on a rotating cone. Chamkha et al. [26] 

analyzed unsteady MHD heat and mass transfer in the 

forward stagnation region of a rotating sphere. Chamkha et 

al. [27] studied unsteady heat and mass transfer by MHD 

flow from a rotating cone. Thermophoretic effect on double 

diffusive convective flow of a chemically reacting fluid over 

a rotating cone was investigated by Hariprasad et al. [28].  

The present paper deals with the two dimensional 

steady, laminar, hydromagnetic mixed convection flow from 

a rotating cone embedded in a porous medium with heat 

absorbing or generating, chemical reaction of order n, 

Darcian and non-Darcian effects and wall suction or 

blowing. The main aim of this paper is to study the 

influence of Soret effect, Dufour effect and order of 

chemical reaction. The effects of material parameters on 
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velocity, temperature and concentration are discussed 

through graphs. 

III. MATHEMATICAL FORMULATION 

Consider the steady natural convection flow of an 

axisymmetric, incompressible chemically reacting, 

electrically conducting and heat generating/ absorbing 

binary fluid mixture past a rotating cone embedded in a 

porous medium in the presence of a uniform magnetic field 

applied in the z-direction normal to the cone surface. Figure 

1 shows the configuration of the rotating cone and the 

coordinate system. The surface of the cone is maintained at 

a nonisothermal temperature       and concentration 

      which are higher than free stream temperature    

and concentration   . The physical properties of the fluid 

are assumed to be constant except density in the buoyancy 

force in the x-momentum equation. The buoyancy force is 

made up of two components; the fluid temperature and 

concentration variations. It is assumed that the surface of the 

cone is permeable so that fluid suction or blowing can be 

applied. It is also assumed that the cone is made of a 

nonelectrically conducting material. In addition Darcian and 

non-Darcian porous medium effects, wall mass transfer 

effects and homogeneous chemical reaction of order n takes 

place in the flow. 

 
Fig. 1: Flow model and coordinate system 

Under the above assumptions, the governing 

equations describing the conservation of mass, momentum, 

energy and concentration in rectangular coordinate system 

(x, y, z) can be written as: 
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where u, v and w are the tangential, circumferential 

and normal velocities along x-axis (meridional section), y-

axis (circular section) and the z-axis (normal to the cone 

surface) directions respectively, µ is the coefficient of 

viscosity, ρ is the density of the fluid mixture, g is the 

acceleration due to gravity,    is thermal coefficient,    is 

concentration coefficient, α is the cone apex half angle, σ is 

electrical conductivity of the fluid,    is magnetic induction 

of the fluid, I is the inertial coefficient,    is the heat 

generation/absorption coefficient,   is permeability of 

porous medium,    is the thermal diffusion ratio,    is the 

effective thermal conductivity,    is the mass diffusivity, T 

is temperature, C is concentration,    is the specific heat at 

constant pressure,    is the concentration susceptibility, Tm 

is the mean fluid temperature, k1 is the dimensional 

chemical reaction parameter and n is the order of the 

chemical reaction. 

The boundary conditions are 

 
where r is the cone radius, ω is the angular velocity 

rotation and    is the normal velocity at the wall. The 

positive value of    indicate fluid suction at the cone 

surface while negative value of    indicate fluid injection at 

the wall. 

Introducing the following similarity transformation: 

 
where         is the kinematic viscosity of the 

fluid and L is the cone slant height,    is the cone surface 

temperature and    is the cone surface concentration at the 

base (x = L). 

Using (7), equations (1) – (5) reduce to 
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where a prime denotes differentiation with respect 

to η.    is the dimensionless porous medium inertial 

coefficient,    is the square of the Hartmann number,   
   

is the inverse Darcy number,    is the local Grashof 

number,    is the Reynolds number, N is the buoyancy 

ratio, Pr is the Prandtl number,   is the dimensionless heat 

absorption/generation coefficient,    is the Dufour number, 

Sc is the Schmidt number, Sr is the Soret number and   is 

the dimensionless chemical reaction parameter and are 

defined as: 

 
The boundary conditions (6) are now transformed to 
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where    
  

           
  is the dimensionless wall 

mass transfer coefficient. 

IV. NUMERICAL METHOD 

The system of ordinary differential equations (8) – (12) 

under the boundary conditions (14) have been solved 

numerically by using MATLAB‟s built in solver bvp4c. 

In the absence of the magnetic effect, heat 

generation effect, wall suction, porous medium effect, 

concentration equation and inverse Darcy number, a 

comparison of the present results for       and       with 

those reported by Hering and Grosh[21] for air ( Pr = 0.7 ) is 

investigated and shown in table 1 for various values of 

buoyancy effects. Excellent agreement etween the results is 

obtained. 

  

   
 

              

Hering and 

Grosh[21] 

Present 

work 

Hering and 

Grosh [21] 

Present 

work 

0 0.61592 0.6153 0.42852 0.4370 

0.1 0.65489 0.6524 0.46156 0.4648 

1.0 0.85076 0.8494 0.61202 0.6116 

10 1.40370 1.4036 1.01730 1.0173 

Table 1: Comparison of        and        for different 

values of Gr/Re
2
 and           

            
                         and in the absence 

of the concentration equation. 

V. RESULTS AND DISCUSSION 

Numerical calculations have been carried out for various 

values of the parameters Df, Sr, γ and n. Four cases are 

considered: 

1) Case I :                 
      

  

            

                                        
                        

2) Case II :                
      

  

         

                                         
                        

3) Case III :                 
      

  

           

                                   
                     

4) Case IV :                 
      

  

           

                                   
                       

The numerical results for velocity, temperature and 

concentration profiles are displayed in Figures (2) - (5). 

A. Case I: 

Figures 1 (a)-(e) exhibit temperature, concentration, normal 

velocity, tangential velocity and circumferential velocity 

profile for various values of   . It is observed that the 

temperature, concentration, normal velocity and 

circumferential velocity decreases exponentially from their 

maximum values at the surface to their minimum values at 

the end of the boundary layer. The tangential velocity 

increases sharply near the surface attains its maximum value 

at about     and then decreases exponentially to the 

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

noticed that with an increase in the values of Dufour 

number   , the temperature and tangential velocity of the 

binary fluid mixture increases sharply while the 

concentration, normal velocity and circumferential velocity 

of the binary fluid mixture decreases.  

 

(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

Fig. 2 : Effect of Dufour number Df on (a) the temperature 

profiles, (b) the concentration profiles, (c) normal velocity 

profiles, (d) tangential velocity profiles, (e) circumferential 

velocity profiles. 

B. Case II: 

Figures 2 (a) - (e) exhibit temperature, concentration, 

normal velocity, tangential velocity and circumferential 

velocity profile for various values of Sr. It is noticed that the 

temperature, concentration, normal velocity and 

circumferential velocity decreases exponentially from their 

maximum values at the surface to their minimum values at 

the end of the boundary layer. The tangential velocity 

increases sharply near the surface attains its maximum value 

at about     and then decreases exponentially to the 

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

observed that the temperature of the binary fluid mixture 

decreases near the surface with the increase in the values of 

Soret number Sr but gets reversed after     i.e. away from 

the surface while the concentration of the rarer and lighter 

components in the fluid increases sharply with the increase 

in the values of Sr. The normal velocity and the 

circumferential velocity decrease with the increase of the 

values of Soret number while the tangential velocity 

increases with its increase. 

 

(a) 

 
(b) 

 
(c) 

 
(d) 
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(e) 

Fig. 3: Effect of Soret number Sr on (a) the temperature 

profiles, (b) the concentration profiles, (c) normal velocity 

profiles, (d) tangential velocity profiles, (e) circumferential 

velocity profiles. 

C. Case III: 

Figures 3 (a) - (e) exhibit temperature and concentration 

normal velocity, tangential velocity and circumferential 

velocity profile for various values of  . It is noticed that the 

temperature, concentration, normal velocity and 

circumferential velocity decreases exponentially from their 

maximum values at the surface to their minimum values at 

the end of the boundary layer. The tangential velocity 

increases sharply near the surface attains its maximum value 

at about     and then decreases exponentially to the 

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

observed that with an increase in the values of the chemical 

reaction parameter  , the temperature of the binary fluid 

mixture increases but the result gets reversed at about     

while the concentration of the binary fluid mixture decreases 

sharply. Also the normal and circumferential velocity 

increase with the increase in the values of chemical reaction 

parameter while the tangential velocity decreases. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 4: Effect of Chemical reaction parameter    on (a) the 

temperature profiles, (b) the concentration profiles, (c) 
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normal velocity profiles, (d) tangential velocity profiles, (e) 

circumferential velocity profiles. 

D. Case IV: 

Figure 4 (a) - (e) exhibit temperature and concentration 

normal velocity, tangential velocity and circumferential 

velocity profile for various values of n. There is an 

exponential decrease in the temperature, concentration, 

normal velocity and circumferential velocity from its 

maximum value at the surface to its minimum value at the 

end of the boundary layer. The tangential velocity increases 

sharply near the surface attains its maximum value at about 

    and then decreases exponentially to the minimum 

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

that the temperature decreases with the increase in the order 

of the chemical reaction n. The concentration of the binary 

fluid mixture increases with the increase in the values of n 

and attains a constant value at the end of the boundary layer. 

Also the normal velocity and the circumferential velocity 

decrease with the increase in the order of the chemical 

reaction while the tangential velocity increases with its 

increase. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 5: Effect of the order of the chemical reaction n on (a) 

the temperature profiles, (b) the concentration profiles, (c) 

normal velocity profiles, (d) tangential velocity profiles, (e) 

circumferential velocity profiles 

VI. CONCLUSION 

From above analysis it can be concluded that the 

temperature of the binary fluid mixture decreases with the 

increase of order of the chemical reaction whereas increases 

with the increase of Dufour number. Also the temperature 

increases with the increase in the dimensionless chemical 
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reaction parameter and decreases with the increase in Soret 

number near the surface but the result gets reversed away 

from the surface. Concentration of the rarer and lighter 

component of the binary fluid mixture increases with the 

increase of Soret number and order of the chemical reaction 

whereas decreases with the increase of Dufour number and 

dimensionless chemical reaction parameter. It is hoped that 

the present work will serve as a motivation for future 

experimental work which seems to be lacking at the present 

time. 
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