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Abstract 
The numerical studies are performed to examine the steady MHD free convection and 
mass transfer fluid flow through a continuously moving porous medium with thermal 
diffusion and diffusion thermo past a semi-infinite vertical porous plate in a rotating 
system. Impulsively started plate moving in its own plane is considered. With 
appropriate transformations the boundary layer equations are transformed into 
nonlinear ordinary differential equations. The local similarity solutions of the 
transformed dimensionless equations for the flow, heat and mass transfer 
characteristics are evaluated using shooting iteration technique. Numerical results are 
presented in the form of velocity, temperature and concentration within the boundary 
layer for different parameters entering into the analysis. Also the effects of the 
pertinent parameters on the local skin-friction coefficients and rate of heat transfer as 
well as rate of mass transfer in terms of the local Nusselt number and Sherwood 
number respectively are also discussed. 
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NOMENCLATURE 
 

zyx ,,  Cartesian coordinates 
rG  Grashof number 

wf  Transpiration parameter 
mG  Modified Grashof number 

wvu ,,  Velocity components K  Nondimensional 
permeability parameter 

0v ( x )  Suction velocity 
rP  Prandtl number 

B  Magnetic field intensity 
cS  Schimidt number 

)(0 xB  Constant magnetic field 
intensity rS  Soret number 

),,( zyx JJJ=J  Current density 
fD  Dufour number 

Ω  Angular velocity M  Magnetic parameter 
k  Thermal conductivity of the 

medium 
R  Rotation parameter 

0g  Gravitational acceleration K ′  Permeability of the porous 
medium 

f ′  Non-dimensional primary 
velocity mD  Coefficient of mass 

diffusivity 
g  Non-dimensional secondary 

velocity pc  Specific heat at constant 
pressure 

0U  Uniform velocity 
mT  Mean fluid temperature 
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T  Temperature of the flow field 

0C  Mean concentration 

wT  Temperature at the plate 
Tk  Thermal diffusion ratio 

∞T  Temperature of the fluid 
outside the boundary layer sc  Concentration susceptibility 

C  Species concentration 
uN  Nusselt number 

wC  Concentration at the plate 
hS  Sherwood number 

∞C  Species concentration outside 
the boundary layer 

),( zx ττ  Skin-friction coefficients 

 
       Greek 

µ  Coefficient of viscosity ρ  Fluid density 
η  Similarity variable σ′  Electrical conductivity 
υ  Coefficient of kinematics 

viscosity 
β  Coefficient of thermal 

expansion 
θ  Dimensionless fluid 

temperature 
*β  Coefficient of concentration 

expansion 
ϕ  Dimensionless fluid 

concentration 
 
1. Introduction 
 

The science of magnetohydrodynamics (MHD) was concerned with geophysical and astrophysical 
problems for a number of years. In recent years the possible use of MHD is to affect a flow stream of 
an electrically conducting fluid for the purpose of thermal protection, braking, propulsion and control. 
From the point of applications, model studies on the effect of magnetic field on free convection flows 
have been made by several  investigators. Some of them are Georgantopoulos (1979), Nanousis et al. 
(1980) and Raptis and Singh (1983). Along with the effects of magnetic field, the effect of transpiration 
parameter, being an effective method of controlling the boundary layer has been considered by 
Kafousias (1979) and Singh (1982). On the other hand, along with the free convection currents, caused 
by the temperature difference, the flow is also effected by the difference in concentrations on material 
constitution. Gebhart and Pera (1971) made extensive studies of such a combined heat and mass 
transfer flow to highlight the insight of the flow. 
 
In the above mentioned works, the level of concentration of foreign mass is assumed very low so 
that the Soret and Dufour effects can be neglected. However, exceptions are observed therein. 
The Soret effect, for instance, has been utilized for isotope separation, and in mixture between 
gases with very light molecular weight ),( 2 eHH  and of medium molecular weight )air,( 2N . 
The Dufour effect was found to be of order of considerable magnitude such that it cannot be 
ignored (Eckert and Drake, 1972). In view of the importance of above mentioned effects, 
Kafoussias and Williams (1995) studied the Soret and Dufour effects on mixed free-forced 
convective and mass transfer boundary layer flow with temperature dependent viscosity. Anghel 
et al. (2000) vestigated the Dufour and Soret effects on free convection boundary layer flow over 
a vertical surface embedded in a porous medium. Quite recently, Alam and Rahman (2006) 
investigated the Dufour and Soret effects on mixed convection flow past a vertical porous flat 
plate with variable suction. 
 
In consequence of the above studies, several investigators disclosed that the Coriolis force is very 
significant as compared to viscous and inertia forces occurring in the basic fluid equations. It is 
generally admitted that the Coriolis force due to Earth’s rotation has a strong effect on the 
hydromagnetic flow in the Earth’s liquid core. The study of such fluid flow problem is important 
due to its applications in various branches of geophysics astrophysics and fluid engineering. In 
light of, Singh and Singh (1989), Singh (1983,1984) and Raptis and Singh (1985) initiated a few 
studies by taking various aspects of the flow phenomena. From the point of application in Solar 
Physics and Cosmic fluid dynamics, it is important to consider the effects of the electromagnetic 
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and rotation forces on the flow. But no works of the simultaneous effects of the electromagnetic 
and rotation forces on the hydromagnetic free convection without Dufour and Soret effects have 
been reported in the literature. 
 
 
Hence, our objective is to investigate the Dufour and Soret effects on steady MHD free 
convection and mass transfer flow through a porous medium past a semi-infinite vertical porous 
plate in a rotating system. 
 
2. Formulation of the problem and similarity analysis 
 

Consider a steady MHD free convection and mass transfer flow of an electrically conducting viscous 
fluid flow through a porous medium past a continuously moving semi-infinite vertical porous 
plate 0=y  in a rotating system. The flow is also assumed to be in the x -direction which is taken 
along the plate in the upward direction and y -axis is normal to it. Initially the fluid as well as the plate 
is at rest, after that the whole system is allowed to rotate with a constant angular velocity Ω  about the 
y -axis. The temperature and the species concentration at the plate are constantly raised from wT  and 

wC  to ∞T  and ∞C  respectively, which are thereafter maintained constant. ∞T and ∞C  are the 

temperature and species concentration of the uniform flow respectively. A uniform magnetic field B  
is taken to be acting along the axisy −  which is assumed to be electrically non-conducting. We 
assumed that the magnetic Reynolds number of the flow is taken to be small enough so that the induced 
magnetic field is negligible in comparison with applied one (Pai, 1962), so that )0,,0( 0B=B  and 
the magnetic lines of force are fixed relative to the fluid. The equation of conservation of charge 

0. =∇ J  gives =yJ constant, where the current density )( ,, zyx JJJ=J . Since the plate is 

electrically non-conducting, this constant is zero and hence =yJ 0 at the plate and hence zero 
everywhere. The physical configuration considered here is shown in the following Fig. 1. 
 

 
 

Fig. 1. Physical configuration and coordinate system. 
 
Thus accordance with the above assumptions relevant to the problem and Boussinesq’s approximation, 
the basic boundary layer equations are given by 

The continuity equation:   0=
∂
∂

+
∂
∂

y
v

x
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                                                                                              (1) 
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The momentum equations: 
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The energy equation: 
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The concentration equation: 
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                                                                                          (5) 

The boundary conditions for the present problem are given by: 

⎭
⎬
⎫

∞→→→===
======

∞∞ yatCCTTwvu
yatCCTTwxvvUu ww

,,0,0,0
0,,0),(, 00                                                                     (6) 

where all physical quantities are defined in the nomenclature. 
We now introduce the following dimensionless variables 
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                                                                                                                        (7) 

Now for reasons of similarity, the plate concentration is assumed to be 
( )∞∞ −+= CCxCxCw 0)( ,                                                                                                              (8) 

where 0C  is considered to be mean concentration and 
υ

0xU
x = . 

Introducing the relations (7)-(8) into the equations (2)-(5), we obtain the following local similarity 
equations 

02 =−′−′−++′′+′′′ RgfMfKGGfff mr φθ                                                                          (9) 

02 =′+−−′+′′ fRMgKggfg                                                                                                   (10) 

0=′′+′+′′ φθθ frr DPfP                                                                                                                (11) 

02 =′′+′+′−′′ θφφφ rccc SSfSfS                                                                                                (12)  
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where 
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The corresponding boundary conditions are 

⎭
⎬
⎫
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=====′=

ηφθ
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0,0,0,0
01,1,0,1,

                                                                               (13) 

where 
0

0
2)(
U
xxvf w υ

−=  is taken to be transpiration parameter. 

3. Skin-friction coefficients, Nusselt number and Sherwood number 
 

The quantities of physical interest are the skin friction coefficients, the Nusselt number and the 
Sherwood number. The equations defining the wall skin frictions are  
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The Nusselt number denoted by uN  is proportional to 
0=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
yy

T
, hence we have 

)0(θ ′−∞uN . 

The Sherwood number hS  is proportional to 
0=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

−
yy

C
, hence we have 

)0(ϕ′−∞hS . 
The numerical values of the local skin-friction coefficients, the local Nusselt number and the local 
Sherwood number are sorted in Tables 1-3. 
 
4. Numerical Solution 
 

The set of non-linear ordinary differential equations (9)-(12) with boundary conditions (13) have been 
solved by using sixth order Runge-Kutta method along with the Nacthsheim-Swigert (1965) shooting 
iteration technique. 
  
5. Results and Discussion 
 

In this paper, the effect of different parameters entering into steady two-dimensional MHD free 
convection and mass transfer fluid flow through a porous medium past a continuously moving semi-
infinite vertical porous plate 0y =   in a rotating system has been investigated using Nacthsheim-
Swigert shooting iteration technique. 
 
For the purpose of discussing the effects of various parameters on the flow behavior, some numerical 
calculations have been carried out for non-dimensional primary velocity )(ηf ′ , secondary velocity 

)(ηg , temperature )(ηθ  and concentration )(ηϕ . 
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Fig. 2: Primary velocity profiles for different   

values of wf  with 0.10=rG , 0.4=mG ,   
5.0=M , 2.0=R , 71.0=rP , 0.1=rS ,
6.0=cS , 2.0=fD , 5.0=K . 

 Fig. 3: Secondary velocity profiles for different   
values of wf  with 0.10=rG , 0.4=mG ,   

5.0=M , 2.0=R , 71.0=rP , 0.1=rS ,
6.0=cS , 2.0=fD , 5.0=K . 
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Fig. 4: Primary velocity profiles for different   

values of R  with 0.3=wf , 0.10=rG ,   
0.4=mG , 5.0=M , 71.0=rP ,

0.1=rS , 6.0=cS , 2.0=fD , 

5.0=K . 
 

Fig. 5: Secondary velocity profiles for different   
values of R  with 0.3=wf , 0.10=rG , 

0.4=mG , 5.0=M , 71.0=rP , 0.1=rS
, 6.0=cS , 2.0=fD , 5.0=K . 

 
The velocity profiles for x  and z  components of velocity, commonly known as non-dimensional 
primary ( f ′ ) and secondary ( g ) velocities, are shown in Figs. 2 - 17 for different values of suction 

parameter ( 0v ), the magnetic parameter ( M ), the rotation parameter ( R ), the Prandtl number ( rP ), 

the Soret number ( rS ), the Schmidt number ( cS ), the Dufour number ( fD ) and the permeability 

parameter ( K ) and for fixed values of Grashof number ( rG ) and modified Grashof number ( mG ).  
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Fig. 6: Primary velocity profiles for different values 

of rS  with 0.3=wf , 0.10=rG , 
0.4=mG , 5.0=M , 2.0=R , 

71.0=rP , 6.0=cS , 2.0=fD , 

5.0=K . 

Fig. 7: Secondary velocity profiles for  different 
values of rS with 0.3=wf ,  

0.10=rG , 0.4=mG , 5.0=M , 2.0=R , 
71.0=rP , 6.0=cS , 2.0=fD , 

5.0=K . 
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Fig. 8: Primary velocity profiles for  
different values of fD  with 0.3=wf , 

0.10=rG , 0.4=mG , 
5.0=M , 2.0=R , 71.0=rP , 
0.1=rS , 6.0=cS , 5.0=K . 

Fig. 9: Secondary velocity profiles for   
different values of fD  with 

0.3=wf , 0.10=rG , 0.4=mG , 
5.0=M , 2.0=R , 71.0=rP , 0.1=rS ,
6.0=cS ,  5.0=K . 

 
For Prandtl number ( rP ), three values 0.7and0.1,71.0  which represent air at 20 deg C, electrolytic 
solution such as salt water and water respectively. The values 0.75and60.0,22.0  of the Schmidt 

number ( cS ) are also considered for they represent specific conditions of the flow. In particular, 22.0  

corresponds to Hydrogen while 60.0  corresponds to water vapor that represents a diffusivity chemical 
species of most common interest in air and the value 75.0  represent Oxygen. In the calculations wf , 

M , R , rS , fD , K  and mG  are chosen arbitrarily. 
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Fig. 10: Primary velocity profiles for different  

values of M  with 
0.3=wf , 0.10=rG , 0.4=mG ,

2.0=R , 71.0=rP , 0.1=rS , 
6.0=cS , 2.0=fD , 5.0=K . 

Fig. 11: Secondary velocity profiles for different 
values of M  with 

0.3=wf , 0.10=rG , 
0.4=mG , 2.0=R , 

71.0=rP , 0.1=rS , 
6.0=cS , 2.0=fD , 5.0=K . 
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Fig. 12: Primary velocity profiles for different   

values of rP  with 0.3=wf , 
0.10=rG , 0.4=mG , 5.0=M , 

2.0=R , 0.1=rS , 6.0=cS , 
2.0=fD , 5.0=K . 

Fig. 13: Secondary velocity profiles for different   
values of rP  with 0.3=wf , 

0.10=rG , 0.4=mG , 5.0=M , 
2.0=R , 0.1=rS , 6.0=cS , 

2.0=fD , 5.0=K . 

 
With the above mentioned flow parameters, it is observed from Figs. 2 and 3 that an increase in the 
suction parameter wf  leads to decrease in the primary velocity and to increase the secondary velocity. 
 
The variations of the primary and secondary velocities for different values of rotation parameter R  are 
shown in Figs. 4 & 5. From these figures it is observed that the rotation parameter R  has a minor 
decreasing effect on the primary velocity while it has quite a larger decreasing effect on the secondary 
velocity. In Figs. 6 & 7 and 8 & 9, the variations of the primary and secondary velocities for different 
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values of Soret number rS  and Dufour number fD  are shown respectively. From these figures it is 

observed that the primary velocity increases with the increase of Soret number rS  and Dufour 

number fD . The effects of Soret number rS  and Dufour number fD  on the secondary velocity are 
opposite to that of the primary velocity. In Figs. 10 & 11, 12 & 13, 14 & 15 and 16 & 17, the variations 
of the primary and secondary velocities for different values of magnetic parameter M , Prandtl 
number rP , Schmidt number cS  and permeability parameter K  are shown respectively. It is observed 

from these figures that the magnetic parameter M  has a decreasing effect on the primary velocity and 
increasing effect on the secondary velocity. It is also seen from these figures that the primary velocity 
decreases while the secondary velocity increases with the increase of Prandtl number rP . The same 

effects are observed in the case of Schmidt number cS  and permeability parameter K . The effects of 
various parameters on non-dimensional temperature are shown in Figs. 18-20. It is observed from Fig. 
18 that the temperature decreases with the increase of suction parameter wf  increase. In Fig. 19, the 

temperature profiles for different values of Dufour number fD  are shown. It is observed from this 

figure that the Dufour number fD  has an increasing effect. In Fig. 20, the temperature profiles for 

different values of Prandtl number rP  are shown. This figure revels that the Prandtl number rP  has a 
large decreasing effect on temperature.The effects of various parameters on the concentration field are 
shown in Figs. 21 - 24. It is observed from Fig. 21 that the concentration decreases as the suction 
parameter wf  increase. The concentration profiles for different values of Soret number rS  are shown 

in Fig. 22. The figure shows that the concentrations increases as the Soret number rS  increase. 
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Fig. 14: Primary velocity profiles for different   

values of cS  with 0.3=wf , 
0.10=rG , 0.4=mG , 5.0=M , 

2.0=R , 71.0=rP , 0.1=rS , 
2.0=fD , 5.0=K . 

Fig. 15: Secondary velocity profiles for different   
values of cS  with 0.3=wf , 

0.10=rG , 0.4=mG , 5.0=M , 
2.0=R , 71.0=rP , 0.1=rS , 

2.0=fD , 5.0=K . 
 
In Figs. 23 and 24, the concentration profiles for different values of Prandtl number rP  and Schmidt 

number cS  are shown respectively. It is observed from these figures that the concentration increases as 

the Prandtl number rP  increase while the concentration decreases as the Schmidt number cS  increase. 

Finally, the effects of various parameters on the components of the skin friction coefficient xτ  and zτ , 

the Nusselt number uN  and the Sherwood number hS  are shown in Tables 1-3. 
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Fig. 16: Primary velocity profiles for different   

values of K  with 0.3=wf , 0.10=rG ,   
0.4=mG , 5.0=M , 2.0=R , 

71.0=rP , 0.1=rS , 6.0=cS , 
2.0=fD . 

Fig. 17: Secondary velocity profiles for different   
values of K  with 0.3=wf , 0.10=rG , 

0.4=mG , 5.0=M , 2.0=R , 
71.0=rP , 0.1=rS , 6.0=cS , 
2.0=fD  
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Fig. 18: Temperature profiles for different values 

of wf  with 0.10=rG , 0.4=mG , 
5.0=M , 2.0=R , 71.0=rP , 
0.1=rS , 6.0=cS , 2.0=fD , 

5.0=K . 

Fig. 19: Temperature profiles for different values 
of fD  with 0.3=wf , 0.10=rG , 

0.4=mG , 5.0=M , 2.0=R , 
71.0=rP , 0.1=rS , 6.0=cS ,  
5.0=K . 

 
From Table 1, we observe that the skin-friction component xτ  decreases with the increase of suction 

parameter wf , but the skin-friction component zτ , the Nusselt number uN  and the Sherwood number hS  

increase with the increase of suction parameter wf . It is also observed from this table that the skin-friction 

component xτ , the Nusselt number uN  and Sherwood number hS  decrease with the increase of magnetic 

parameter M , while the skin-friction component zτ  increases with the increase of magnetic parameter M . 
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Again, from Table 2, we observe that the skin-friction components xτ  and zτ , the Nusselt number uN  and 

the Sherwood number hS  decrease with the increase of rotation parameter R . It is also observed from this 

table that the skin-friction component xτ  and the Nusselt number uN  increase while the skin-friction 

component zτ  and the Sherwood number hS  decrease with the increase of Soret number rS . 
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Fig. 20: Temperature profiles for different values 

of rP  with 0.3=wf , 0.10=rG , 
0.4=mG , 5.0=M , 2.0=R , 

0.1=rS , 6.0=cS , 2.0=fD , 

5.0=K . 

Fig. 21: Concentration profiles for different values 
of wf  with 0.10=rG , 0.4=mG , 

5.0=M , 2.0=R , 71.0=rP , 
0.1=rS , 6.0=cS , 2.0=fD , 

5.0=K . 
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Fig. 22: Concentration profiles for different 

values of rS  with 0.3=wf , 
0.10=rG , 0.4=mG , 5.0=M , 

2.0=R , 71.0=rP , 6.0=cS , 
2.0=fD , 5.0=K . 

Fig. 23: Concentration profiles for different 
values of rP  with 0.3=wf , 

0.10=rG , 0.4=mG , 5.0=M , 
2.0=R , 0.1=rS , 6.0=cS , 

2.0=fD , 5.0=K . 
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From Table 3, we observe that the skin-friction 
component xτ  and the Sherwood number hS  

increase while the skin-friction component zτ  

and the Nusselt number uN  decrease owing to 

the increase of Dufour number fD . It is also 
seen from this table that the skin-friction 
component xτ , the Nusselt number uN  and 

the Sherwood number hS  decrease while the 

skin-friction component zτ  increases with the 
increase of permeability parameter K . 
 
 
 
 
 
 
 
 
 

Table 1: Numerical values of xτ , zτ , uN  and hS  for 71.0=rP , 0.10=rG , 0.4=mG , 

2.0=R , 0.1=rS , 6.0=cS , 2.0=fD  and 5.0=K . 

wf  M  xτ  zτ  uN  hS  
3.0 0.5 2.1183684 -0.3123093 2.2126436 1.3606514 
4.0 0.5 0.6630225 -0.2322516 2.8415285 1.3736072 
5.0 0.5 -0.8398383 -0.1720828 3.4941526 1.3843751 
3.0 1.0 1.8034374 -0.2837792 2.2074190 1.3379786 
3.0 1.5 1.5115707 -0.2596410 2.2026285 1.3168868 

 
Table 2: Numerical values of xτ , zτ , uN  and hS  for 5.0=wf , 0.10=rG , 0.4=mG , 

5.0=M , 71.0=rP , 6.0=cS , 2.0=fD  and 5.0=K . 

R  rS  xτ  zτ  uN  hS  
0.2 1.0 2.1183684 -0.3123093 2.2126436 1.3606514 
0.4 1.0 2.0825316 -0.6208549 2.2119861 1.3572153 
0.6 1.0 2.0241833 -0.9220832 2.2107869 1.3517746 
0.2 2.0 2.5626587 -0.3425054 2.4041973 0.1109341 
0.2 3.0 2.9919283 -0.3699451 2.6305160 -1.3989729 

 
Table 3: Numerical values of xτ , zτ , uN  and hS  for 5.0=wf , 0.10=rG , 0.4=mG , 

71.0=rP , 2.0=R , 5.0=M , 0.1=rS  and 6.0=cS . 

fD  K  xτ  zτ  uN  hS  

0.2 0.5 2.1183684 -0.3123093 2.2126436 1.3606514 
0.5 0.5 2.5017350 -0.3402315 1.8900020 1.5829858 
0.8 0.5 2.8887150 -0.3663611 1.4347118 1.8786190 
0.2 1.0 1.8034374 -0.2837792 2.2074190 1.3379786 
0.2 1.5 1.5115707 -0.2596410 2.2026285 1.3168868 
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Fig. 24: Concentration profiles for different   

values of cS  with 0.3=wf , 
0.10=rG , 0.4=mG , 5.0=M , 

2.0=R , 71.0=rP , 0.1=rS , 
2.0=fD , 5.0=K . 
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