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ABSTRACT: 

 We investigate the study make an attempt to analyse the effect of radiation unsteady 

convective heat transfer of a dissipative viscous fluid through a porous medium confined in a vertical 

channel on whose walls an oscillatory temperature is prescribed with quadratic density-temperature 

variation. Approximate solutions to coupled non-linear partial differential equations governing the 

flow and heat transfer are solved by a perturbation technique. The velocity, temperature,skin friction 

and rate of heat transfer are discussed for different variations of G, D-1, , Ec, P, N and t. 

 

Keywords :   Viscous fluid, Porous medium, vertical channel, oscillatory wall temperature, quadratic 

density. 

 

1. INTRODUCTION 

2.  
 Free convection flows between two long vertical plates have been studied for many years 

because of their engineering applications in the fields of nuclear reactors, heat exchangers, cooling 

appliances in electronic instruments. These flow were studied by assuming the plates at two different 

constant temperatures or temperature of the plates varying linearly along the plates etc. The study of 

fully developed free convection flow between two parallel plates at constant temperature was initiated 

by Ostrach (19). Combined natural and forced convection laminar flow with linear wall temperature 

profile was also studied by Ostrach (20). 

Transient free convection flow between two long vertical parallel plates maintained at constant but 

unequal temperatures was studied by Singh et al.(28). Jha et al. (10) extended the problem to consider 

symmetric heating of the channel walls. Narahari et al. (15) analyzed the transient free convection 

flow between two long vertical parallel plates with constant heat flux at one boundary, the other being 

maintained at a constant temperature. Singh and Paul (28) presented and analysis of the transient free 

convective flow of a viscous incompressible fluid between two parallel vertical walls occurring as a 

result of asymmetric heating / coolong of the walls. Narahari (16)  

 In the context of space technology and in processes involving high temperatures, the effects 

of radiation are of vital importance. Recent developments in hypersonic flights, missile reentry, rocket 

combustion chambers, power plants for inter planetary flight and gas-cooled nuclear reactors have 

focused attention on thermal radiation as a mode of energy transfer and emphasize the need for 

improved understanding of radiative transfer in these processes. several authors have studies radiative 

heat transfer in chemical under vertical condision. 
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2. FORMULATION AND SOLUTION OF THE PROBLEM 

We consider the non-Darcy unsteady flow of a viscous incompressible  fluid through a porous 

medium  in a vertical channel bounded by flat walls in the presence of constant heat sources. The 

unsteadiness in the flow is due to the oscillatory temperature prescribed on the boundaries. We choose 

a Cartesian coordinate system 0(x y) with walls at y =  1 by using Boussinesq approximation we 

consider the density variation only on the buoyancy term Also the kinematic viscosity ,the thermal 

conductivity k are treated as constants. The equation governing the flow and heat transfer are  
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  - 0 = -0(T – T0)- 1(T – T0)
2    (2.3)  

where u is a velocity component in x-direction, T is a temperature, p is a pressure,  is a density ,k is 

the permeability of the porous medium, is dynamic viscosity, kf is coefficient of thermal 

conductivity,  is coefficient of volume expansion and Q is the strength of heat source  

 The boundary conditions are 

 u = 0, T = T1 at y = -L 

 u = 0, T = T1 + (T2 – T1) cos t                          (2.4) 

on introducing the non dimensional variables 
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Equations 2.1 & 2.2 reduce to (dropping the dashes) 
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The transformed boundary conditions are 

 u = 0,   = 0,  at  y = -1 

 u =0,   = 1 +  cos (t ) at y = +1    (2.7)   

 

  

3.METHOD OF SOLUTION 

In view of the boundary condtions (2.4) we assume  

 u = u0 +  eit u1       (2.8) 

  = 0 + eit 1         

Substituting the series expansion (2.8) in equations( 2.5)&(2.6) and separating the steady and transient 

terms we get 
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 Since the equations (2.9 – 2.12) are non-linear coupled equations., 

 assuming Ec << 1 we take 

 u0 = u00 + Ec u01   

 u1 = u10 + Ec u11 

 0 = 00 + Ec 01       (2.13) 

 1 = 10 + Ec 11        

Substitutimg (2.13) in equations (2.9) – (2.12) and separating the like terms we get 
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Solving the equations (2.14)-(2.21) subject to the relevant boundary conditions 

  we obtain  
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where a1,a2,………….a73,b1,……………b43 are constants given in the Appendix. 
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