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Abstract−− An unsteady three dimensional MHD 

convective heat and mass transfer flow in an incom-
pressible fluid due to a rotating disk is studied by 
taking into account the Dufour and Soret effects. 
The system of axial symmetric non-linear partial 
differential equations governing the unsteady flow, 
heat and mass transfer is written in cylindrical polar 
coordinates and reduced to nonlinear ordinary dif-
ferential equations by similarity transformations. 
The resulting system of ordinary nonlinear differen-
tial equations is then solved numerically by a shoot-
ing method using Range-Kutta six order integration 
scheme. The flow, temperature and concentration 
fields are affected by the magnetic interaction pa-
rameter M, Rotational parameter R, Soret Number 
S0 and Dufour number Df  respectively. The results 
of the numerical solution are presented graphically 
in the form of velocity, temperature and concentra-
tion profiles. The results for the wall flow, tempera-
ture and concentration gradients obtained are pre-
sented in tabular form for various values of the pa-
rameters M, R, S0 and Df. 

Keywords−− Dufour and Soret effects, MHD flow, 
Rotating Disk. 

I. INTRODUCTION 
The solution of the Navier-Stokes equations is furnished 
by the flow around a flat disk which rotates about an 
axis perpendicular to its plane with uniform angular 
velocity Ω, in a fluid otherwise at rest. The layer near 
the disk is carried by it through friction and is thrown 
outwards owing to the action of centrifugal forces. This 
is compensated by particles which flow in an axial di-
rection towards the disk to be in turn carried and ejected 
centrifugally. Thus the case is seen to be one of fully 
three dimensional flows. The problem of flow over a 
rotating disk has a long history, with von-Karman 
(1921) originally describing similarity transformations 
that enable the Navier-Stokes equations for isothermal, 
impermeable rotating disk to be reduced to a system of 
coupled ordinary differential equations. Later, Cochran 
(1934) obtained more accurate results by patching two 
series expansions. It is found that the disk acts like a 
centrifugal fan, the fluid near the disk being thrown ra-
dially outwards. This in turn impulses an axial flow to-
wards the disk to maintain continuity. Benton (1965) 
improved Cochran’s solution and extended the hydro-
dynamics problem to flow starting impulsively from 
rest. Subsequently comprehensive studies have been 

carried out on rotating disk flow by many researchers, 
some of them are Wagner (1948), Sparrow and Gregg 
(1959), Kuiken (1971), Hassan and Attia (1997), Attia 
(1998) and Kelson and Desseaux  (2000). Maleque and 
Sattar (2003) considered an implicit finite difference 
solution for an unsteady convective incompressible 
MHD flow due to an infinite rotating disk, taking into 
account heat absorption effect. Maleque and Sattar 
(2005a and 2005b) studied the effects of variable prop-
erties and Hall current on steady MHD laminar flow of 
a compressible electrically conducting fluid on a porous 
rotating disk. Sajid and Hayat (2008) studied the influ-
ence of thermal radiation on the boundary layer flow 
due to an exponentially stretching sheet. Recently, Ha-
yat et al. (2008c) investigated the influence of heat 
transfer in an MHD second grade fluid film over an un-
steady stretching sheet. More recently, Hayat et al. 
(2008d) studied hall and heat transfer effects on the 
steady flow of generalized Burgers’ fluid induced by a 
sudden pull of eccentric rotating disks. 

The effects of thermal diffusion on MHD convection 
of mass transfer flows have been considered by many 
investigators due to its important role particularly in 
isotope separation and in mixtures between gases with 
very light molecular weight (H2, He) and medium mo-
lecular weight (N2, air) (Eckert and Drake, 1972). Con-
sidering these aspects, many papers have been published 
on the effects on thermal diffusion on MHD convective 
and mass transfer flow. Some of them are Jha and Singh 
(1990), Kafousias (1992) and Alam and Sattar (1998). 
Sattar and Alam (2001) obtained an analytical solution 
on the free convection and mass transfer flow with 
thermal diffusion. Maleque and Sattar (2002) obtained 
the numerical solution of MHD free-convective and 
mass transfer flow over an infinite vertical porous plate 
with thermal diffusion effects. Recently, Hayat et al. 
(2008a) considered mixed convection flow of a mi-
cropolar fluid over a non-linearly stretching sheet. More 
recently Hayat et al. (2008b) studied heat and mass 
transfer analysis on the flow of a second grade fluid in 
the presence of chemical reaction.  Considering the im-
portance of thermal and mass diffusions of MHD con-
vective heat and mass transfer flow due to rotating disk, 
in the present study a numerical solution is obtained for 
an unsteady three dimensional MHD convective heat 
and mass transfer flow in an incompressible fluid due to 
a rotating disk with thermal and mass diffusions. The 
governing partial differential equations of the MHD 
convective mass transfer flow are reduced to nonlinear 
ordinary differential equations by introducing suitable 


