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Abstract - The unsteady free convective viscous 
incompressible flow past an infinite vertical porous 
flat plate with periodic heat and mass transfer in 
slip-flow regime is discussed. Assuming variable 
suction at the porous plate, approximate solutions 
are obtained for velocity, skin-friction, temper-
ature, heat transfer and species concentration. 
During the course of discussion, the effects of Gr 
(Grashof number based on temperature), Gc 
(modified Grashof number based on concentration 
difference), Sc (Schmidt number), A (suction 
parameter) and ω (frequency) for Pr=0.71 (air) 
have been presented. 
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I. INTRODUCTION 

The phenomenon of free convection arises in the fluid 
when temperature changes cause density variation 
leading to buoyancy forces acting on the fluid 
elements. This can be seen in our everyday life in the 
atmospheric flow, which is driven by temperature 
differences. Now, free convective flow past vertical 
plate has been studied extensively by Ostrach (1952, 
1953, 1954). Siegel (1958) investigated the transient 
free convection from a vertical flat plate. The free 
convective heat transfer on a vertical semi-infinite 
plate has been investigated by Berezovsky et al. 
(1977). Martynenko et al. (1984) investigated the 
laminar free convection from a vertical plate. In all 
these papers, the plate was assumed to be maintained 
at a constant temperature, which is also the 
temperature of the surrounding stationary fluid. But in 
many applications, quite often the plate temperature 
starts oscillating about a non-zero mean temperature. 
The free-convection flow is enhanced by 
superimposing oscillating temperature on the mean 
plate temperature. In many engineering applications, 
transient free convective flow occurs as such a flow 
acts as a cooling device. Also free convection is of 
interest in the early stages of melting adjacent to a 
heated surface. There are many transport processes 
occurring in nature due to tempe-rature and chemical 
differences. The process of heat and mass transfer is 
encountered in aeronautics, fluid fuel nuclear reactor, 
chemical process industries and many engineering 

applications in which the fluid is the working medium. 
The wide range of its technological and industrial 
applications has stimulated considerable amount of 
interest in the study of heat and mass transfer in 
convection flows. The natural convection flows 
adjacent to both vertical and horizontal surface, which 
result from the combined buoyancy effects of thermal 
and mass diffusion, was first investigated by Gebhart 
and Pera (1971) and Pera and Gebhart (1972). In case 
of unsteady free convective flows Soundalgekar 
(1972) studied the effects of viscous dissipation on the 
flow past an infinite vertical porous plate. It was 
assumed that the plate temperature oscillates in such a 
way that its amplitude is small. The combined effect 
of buoyancy forces from thermal and mass diffusion 
on forced convection was studied by Chen et al. 
(1980). The free convection on a horizontal plate in a 
saturated porous medium with prescribed heat transfer 
coefficient was studied by Ramanaiah and Malarvizhi 
(1991). Vighnesam and Soundalgekar (1998) 
investigated the combined free and forced convection 
flow of water from a vertical plate with variable 
temperature. Das et al. (1999) studied the transient 
free convection flow past an infinite vertical plate 
with periodic temperature variation. Recently Hossain 
et al. (2001) studied the influence of fluctuating 
surface temperature and concentration on natural 
convection flow from a vertical flat plate. The present 
analysis discussed here has many applications as 
suggested by Soundalgekar and Wavre (1977a, 
1977b). In many practical applications, the particle 
adjacent to a solid surface no longer takes the velocity 
of the surface. The particle at the surface has a finite 
tangential velocity; it “slips” along the surface. The 
flow regime is called the slip-flow regime and this 
effect can not be neglected. Using these assumption 
Sharma and Chaudhary (2003) and Sharma and 
Sharma (2004) have also discussed the free 
convection flow past a vertical plate in slip-flow 
regime and also discussed its various applications for 
engineering purpose. Therefore the object of present 
paper is to study the effect of periodic heat and mass 
transfer on unsteady free convection flow past a 
vertical flat plate in slip flow regime when suction 
velocity oscillates in time about a non-zero constant 
mean because in actual practice temperature, species 
concentration and suction velocity may not always be 


