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Abstract An attempt has been made to study 

the Soret effect on an unsteady free convective flow 
past a vertical plate in slip-flow regime with periodic 
temperature variation. Analytical solution of the 
problem has been obtained depending on the physi-
cal parameters including the Prandtl number Pr , 
the Grashof number for heat transfer Gr , the 
Grashof number for mass transfer Gm , the Schmidt 
number Sc , the Soret number So  etc. The influence 
of these parameters on velocity field, species concen-
tration field, temperature field, skin-friction and the 
rate of heat and mass transfer at the plate are dis-
cussed graphically. 
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I. INTRODUCTION 
In the last few decades, much attention has been given 
to the theory of unsteady free convective flows that deal 
with temperature variation. The change in temperature 
causes density variation which leads to free convection 
current in the fluid. During the course of the day the 
change in atmospheric flow is caused by temperature 
gradients. Many researchers have carried out the study 
of free convection from vertical semi-infinite plates 
under different physical situations. In most of the inves-
tigations, the plates are assumed to be maintained at a 
constant temperature, which is also the temperature of 
the surrounding stationary fluid. 

The transient free convection flow in the unsteady 
flow phenomena in the cooling towers is useful from 
practical point of view. However, in some cases free-
convection flow is enhanced by superimposing oscillat-
ing temperature on the mean plate-temperature. In the 
initial stage of melting adjacent to a heated surface on 
transient heating of insulating air gapes by heat input at 
the start-up of furnaces, transient natural convection is 
of much interest. 

Soundalgekar and Wavre (1977) investigated the un-
steady free convection flow past an infinite vertical 
plate with constant suction and mass transfer. They as-
sumed that the plate temperature oscillates in such a 
way that its amplitude is small. The free convection on a 
horizontal plate in a saturated medium with prescribed 
heat transfer coefficient was studied by Ramanaiah and 
Malarvizhi (1991). Vighnesam and Soundalgekar 
(1998) presented the results of the combined free and 
forced convection flow of water at 4ºC from a vertical 
plate with variable temperature. Unsteady free convec-

tion flow past a vertical porous plate was studied by 
Anwar (1998). The effect of a fluctuating surface tem-
perature and concentration on natural convection flow 
from a vertical flat plate was given by Hossain et al 
(2001). The effect of variable suction on transient free 
convective viscous incompressible flow past a vertical 
plate with periodic temperature variation in a slip flow 
regime was studied by Sharma and Chaudhary (2003). 
Sharma (2005) has studied the influence of periodic 
temperature and concentration on unsteady free convec-
tive viscous incompressible flow and heat transfer past a 
vertical plate in slip flow regime.  

However in the above mentioned works, the thermal 
diffusion (Soret) effect was not taken into account. This 
assumption is justified when the concentration level is 
very low. The flux of mass caused due to temperature 
gradient is known as the Soret effect or the thermal dif-
fusion effect. The experimental investigation of the 
thermal diffusion effect on mass transfer related prob-
lems was first done by Charles Soret in 1879. There 
after this thermal diffusion is termed as the Soret effect 
in honour of Charles Soret. In general the Soret effect is 
of a smaller order of magnitude than the effect de-
scribed in Fick’s law and very often it is neglected in 
mass transfer process. Though this effect is quite small, 
but the devices can be arranged to produce very steep 
temperature gradient so that the separation of compo-
nents in mixtures is affected. Eckert and Drake (1972) 
have emphasized that in the cases concerning isotope 
separation and in mixtures between gases with very 
light molecular weight (H2, He) and for medium mo-
lecular weight (N2, air), Soret effect is found to be of 
considerable magnitude such that it can not be ignored. 
Following Eckert and Drake (1972) work several other 
investigators have carried out model studies on the Soret 
and Dufour effects in different heat and mass transfer 
problems. Some of them are Dursunkaya and Worek 
(1992), Kafoussias and Williams (1995), Sattar and 
Alam (1994), Alam et al. (2006) and Raju et al. (2008). 

Ahmed and Kalita (2009) investigated the effect of 
the thermal diffusion as well as magnetic field on free 
convection and mass transfer flow through porous me-
dium, taking into account the effect of a heat source. 
The Soret and magnetic field effects on a transient free 
convection flow through a porous medium bounded by a 
uniformly moving infinite vertical porous plate in pres-
ence of a heat source was studied by Ahmed and Kalita 
(2012). Ahmed and Kalita (2010) have extended their 


