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ABSTRACT 

In this paper we discuss the effect of dissipation and thermo diffusion on convective heat and mass transfer 

flow of a viscous fluid, in a non uniformly heated vertical channel bounded by flat walls. A non-uniform 

temperature is imposed on the walls and the concentration on these walls is taken to be constant. The 

viscous dissipation is taken in to account in the energy equation assuming the slope of the boundary 

temperature to be small. We solve the governing momentum, energy and diffusion equations by a 

perturbation technique. The velocity, the temperature, the concentration, the  rate of heat transfer and 

Shear wood Number have been analyzed for different variations of the governing parameters. The 

dissipative effects on the flow, heat and mass transfer are clearly brought out. 
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 INTRODUCTION 

Flows which arise due to the interaction of the gravitational force and density differences caused 

by the simultaneous diffusion of thermal energy and chemical species have many applications in 

geophysics and engineering. Such thermal and mass diffusion plays a dominant role in a number of 

technological and engineering systems. The combined effect of thermal and mass diffusion in 

channel flows has been studied in the recent times by a few authors (10, 12, 16, 19, 24, 23, 26, and 

27). 

Flow through porous media is very prevalent in nature. In the theory of flow through a porous 

medium, the role of momentum equation or force balance is occupied by the numerous 

experimental observations summarized mathematically as the Darcy’s law.   Thus between the 

specific discharge and hydraulic gradient is inadequate in describing high speed   flows or flows 

near  surfaces  which  may  be  either  permeable  or  not.  Hence  consideration  for  non-Darcian 
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description for the viscous flow through porous media is warranted. Saffman (24)  employing 

statistical method derived a general governing equation  for the flow in a porous medium which 

takes into account the viscous stress. Later another modification has been suggested by Brinkman 

(9). 

 
 

 

in  which ,  is intended to account  for the distortions of the velocity profiles near the 

boundary. The Volumetric heat generation has been assumed to be constant (1,2,3,4,5,7,9,19,20) or 

a function of space variable (6,8,13,14,15,17). For example a hypothetical core-disruptive accident 

in a liquid metal fast breeder reactor (LMFBR) could result in the setting of fragmented fuel debris 

as horizontal surfaces below the core.It is evident that in forced or free convection flow in a 

channel (pipe) a secondary flow can be created either by corrugating the boundaries or by 

maintaining non-uniform wall temperature such a secondary flow may be of interest in a few 

technological process. 

All the above mentioned studies are based on the hypothesis that the effect of dissipation is 

neglected. This is possible in case of ordinary fluid flow like air and water under gravitational 

force. But this effect is expected to be relevant for fluids with high values of the dynamic viscous 

flows. The effect of viscous dissipation on natural convection has been studied for some different 

cases including the natural convection from horizontal cylinder. The natural convection from 

horizontal cylinder embedded in a porous media has been studied by Fand and Brucker (11). 

The effect of viscous dissipation has been studied by Nakayama and Pop (18) for steady free 

convection boundary layer over non-isothermal bodies of arbitrary shape embedded in porous 

media. 

They used integral method to show that the viscous dissipation results in lowering the level of the 

heat transfer rate from the body. Recently Prasad (22) has discussed the effect of dissipation on the 

mixed convective heat and mass transfer flow of a viscous fluid through a porous medium in a 

vertical channel bounded by flat walls. 

 

FORMULATION OF THE PROBLEM 

We analyze the steady motion of viscous, incompressible  fluid  through  a  porous  medium  in  

a vertical channel bounded by flat walls which are maintained at a non-uniform wall temperature 

in the presence of a constant heat source and the concentration on these walls are taken to be 

constant. The Boussinesq approximation is used so that the density variation will be considered 

only in the buoyancy force. The viscous, Darcy dissipations and the joule heating are taken into 

account in the energy equation. Also the kinematic viscosity , the thermal conducting k are 
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treated as constants. We choose a rectangular Cartesian system 0(x, y) with x-axis in the vertical 

direction and y-axis normal to the walls. The walls of the channel are at y = ± L. 

 

 

 

 

 

 

 

 

 

 

The equations governing the steady flow, heat and mass transfer are 

Equation of continuity: 

                         (2.1) 

Equation of linear momentum: 

 

Equation of Energy: 

 

 

Equation Diffusion: 

 

Equation of State: 
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where  is the density of the fluid in the equilibrium state, Te ,Ce are the temperature and 

Concentration in the equilibrium state,(u,v) are the velocity components along O(x ,y ) directions, 

p is the pressure, T ,C are the temperature and Concentration in the flow region, is the density of 

the fluid,µ is the constant coefficient of viscosity , Cp is the specific heat at constant pressure, is 

the coefficient of thermal conductivity ,k is the is the magnetic permeability of the porous medium, 

β is the coefficient of thermal expansion,  is the coefficient of expansion with mass fraction , D1  

is the molecular diffusivity ,Q is the strength of the constant internal heat source , qr is the 

radiative heat flux and k11 is the cross diffusivity. 

In the equilibrium state 

 

Where  being the hydrodynamic pressure. 

The flow is maintained by a constant volume flux for which a characteristic velocity is defined as 

 

 
The boundary conditions for the velocity and temperature fields are 

u = 0, v = 0                          on y = ±L 

T - Te  =  ( x / L) on y = ±L, C = C1 on y = -L,   C = C2 on y = +L (2.9) 

  is chosen to be twice differentiable function,  is a small parameter characterizing the slope of 

the temperature variation on the boundary. 

In view of the continuity equation we define the stream function  as 

 
the equation governing the flow in terms of  are 

 

Introducing the non-dimensional variables in (2 .10)- (2.12) as 
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1 

 

 
 

the governing equations in the non-dimensional form ( after dropping the dashes ) are 

 

 

and the energy diffusion equations in the non-dimensional form are 

 

The corresponding boundary conditions are 

 

The value of  on the boundary assumes the constant volumetric flow in consistent with the 

hypothesis (2.8) .Also the wall temperature varies in the axial direction in accordance with the 

prescribed arbitrary function  
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2 2 2 

ANALYSIS OF THE FLOW 

The main aim of the analysis is to discuss the perturbations created over a combined free and 

forced convection flow due to non-uniform slowly varying temperature imposed on the 

boundaries. We introduce the transformation 

 

With this transformation the equations (2.14) - (2.16) reduce to 

 

and the energy &diffusion equations in the non-dimensional form are 

 

We follow the perturbation scheme and analyze through first order as a regular perturbation 

problem at finite values of R,G,P ,Sc and D-1 

Introducing the asymptotic expansions 
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and to the first order are 

 
Assuming Ec<<1 to be small we take the asymptotic expansions as 
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Substituting the expansions (3.14) in equations (3.5)-(3.13) and separating the like powers of Ec 

we get the following equations 
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SOLUTION OF THE PROBLEM 

Solving the equations (3.15) - (3.23) subject to the relevant boundary conditions, we obtain 

 

NUSSELT NUMBER AND SHERWOOD NUMBER 

The local rate of heat transfer coefficient (Nusselt number Nu) on the walls has been calculated 



International Journal of Research in Science and Technology                                   http://www.ijrst.com 

 

(IJRST) 2015, Vol. No. 5, Issue No. III, Jul-Sep                             e-ISSN: 2249-0604; p-ISSN:2454-180X                                                                                

 

176 

 

INTERNATIONAL JOURNAL OF RESEARCH IN SCIENCE AND TECHNOLOGY 
 

   M    

using the formula 

 

and the corresponding expressions are 

 

The local rate of mass transfer coefficient (Sherwood number) on the walls has been calculated using 

the formula 

 

and the corresponding expressions are 

DISCUSSION OF THE NUMERICAL RESULTS 

 

The primary aim of this analysis is to discuss “The effect of thermo diffusion and dissipation on 

convective heat and mass transfer flow of a viscous electrically conducting fluid in a non-

uniformly heated vertical channel. The Velocity, Temperature, Concentration is discussed for 

different values of G, M, N, SC, S0, EC, α and x.The axial velocity u is shown in figures 1-2 for 

different values of G, M, N, SC, S0, EC, α and x. Fig-1 represents the variation of u with Grashof 

number G. The actual axial flow is in the vertically downward directed and hence u<0 is the actual 

velocity u>0 represents the reversal flow. It is found that u exhibits a reversal flow in the region 

0≤y≤0.8 for G>0 and it occurs in the region 0.8≤y≤-0.2 for G<0. The region of a reversal flow 

enlarges with increase in |G| also the magnitude of u experience an enhancement with increase |G| 

in the entire flow region with maximum attained at y=-0.6. The variation of u with Hartman 

number M shows that a reversal flow which appears in the second half with M=2 extends towards 

the first half for higher M≥4 (fig-2). The secondary velocity v which is due to the non-uniform 
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boundary temperature is exhibited in figures 3-4 for different values of parameters. The variation 

of v with amplitude α of the non-uniform boundary temperature shows that |v| enhances in the first 

half and depreciates in the second half with increase in amplitude α (fig-3). Moving along the axial 

direction of channel |v| enhances with increase in x<π/2 depreciates at x= π and again enhances at 

x=2 π (fig-4).The non dimensional temperature (θ) is shown in the figures 5-6 for different values 

of parameters. The variation of θ with SC  shows that lesser the molecular diffusivity smaller the 

actual temperature for the lowering of the molecular diffusivity and for still lowering of molecular 

diffusivity lesser the actual temperature (fig-5).  In fig.6 we notice    that the actual temperature 

depreciates with increase in S0>0 and enhances | S0|. The non dimensional concentration (C) is 

shown in the figures 7-8 for different values of parameters. In fig.7 we notice that the actual 

concentration enhances with N>0 Also higher the dissipative heat smaller the actual concentration 

in the flow region (fig-8). 

 

The average Nusselt number (Nu) is evaluated numerically at y=±1 for a different values of G, M, 

N, S0, EC, α and x. It is found that Table (1 & 2) higher the thermal buoyancy /Lorentz force 

lesser the rate of heat transfer at y=±1. Also higher the dissipative heat larger the rate of heat 

transfers at both the boundaries (Table 3 & 4).The Sherwood number (Sh) is exhibited in tables for 

different parametric values. It is found that in table (5 & 6) the variation of Sh with Hartman 

number M shows that higher the Lorentz force (M≤4) larger the rate of mass transfer and for 

further higher Lorentz force (M≥6) smaller |Sh| at y=+1 and while at y=-1 it enhances with M for 

all G.Moving along the axial direction of the channel the rate of mass transfer depreciates at y=+1 

and enhances at y=-1  in the heating case and in the cooling case a reversed effect is observed in 

the behavior of |Sh| at y=±1 with x≤ π and for higher x≥ 2π. |Sh| enhances at y=+1 and reduces at 

y=-1 for G>0 while for G<0. |Sh| reduces at y=+1 and enhances at y=-1 (table7&8). 
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