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Abstract 
 

A numerical technique is used to study a thermo-diffusion and diffusion-thermo effects on a two dimensional, laminar, unsteady convec-

tive flow past an inclined plate. The basic equations of the flow problem are non-linear, coupled and integro partial differential equations, 

these equations are transformed into a dimensionless form and solve it numerically using well known Crank-Nicolson implicit finite 

difference method. Thermo-diffusion and diffusion-thermo effects on velocity, temperature, concentration, shearing stress, rate of heat 

and mass transfer are studied in detail. 
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1. Introduction 

Heat transfer due to convection is one of the major kind of heat 

and mass transfer in fluids. Combined heat and mass transfer pro-

cess in natural convection have drawn the attention of numerous 

researchers due to their applications in many divisions of science 

and engineering. The event of free convection happens in the fluid 

when temperature varies and which causes density difference lead-

ing to buoyancy force acting on the elements of the fluid. It can be 

observed in our day to day life in the atmospheric flow which is 

obsessed by difference in temperature. There are many transport 

developments happening in nature due to differences in tempera-

ture and species concentration. 

Gebhart and Pera [1] analysed the problem of natural convection 

on a vertical plate with non-uniform surface temperature and mass 

diffusion in steady state. The governing equations were solved by 

using similarity variables. Callahan and Marner [2] solved numer-

ically by using explicit finite difference method the problem of 

simultaneous heat and mass transfer effects on a vertical plate. 

Implicit finite difference analysis of free convective flow past a 

semi-infinite vertical plate with heat and mass transfer was ana-

lyzed by Soundalgekar and Ganesan [3]. Ekambavannan and Ga-

nesan [4] considered the free convection flows over an inclined 

plate with variable surface temperature mass diffusion. Ganesan 

and Palani [5] numerically studied the unsteady natural convection 

flow past an inclined plate with variable surface heat and mass 

flux. 

Fourier's law, for instance, portrays the relation between tempera-

ture gradient and energy flux. In other features, Fick's law was 

established by the correlation of concentration gradient and mass 

flux. Moreover, it was observed that the energy flux can also be 

generated by composition gradients, pressure gradients, or body 

forces. The energy flux rooted by a composition gradient was 

discovered in 1873 by Dufour and was referred as the Dufour 

effect. It was also known as diffusion-thermo effect. On the other 

hand, a mass flux can also be developed by a temperature gradient, 

and it was ascertained by Soret. This is known as the thermal-

diffusion effect. In general, the soret and Dufour effects were of 

smaller order of magnitude than the effects described by Fourier's 

or Fick's law and were frequently neglected in heat and mass 

transfer processes. The thermal-diffusion effect has been used for 

isotope separation and in mixtures among gases with very light 

molecular weight (H2, He) and medium molecular weight (N2, 

air), the Dufour effect was known to be of such a magnitude that it 

cannot be omitted in certain conditions. In their book, Eckert and 

Drake [6] have ascertained several cases where the Dufour effect 

cannot be omitted. 

Baron [7] studied soret effects in mass transfer. Sparrow et al. [8] 

considered Dufour effects in a stagnation-point flow of air with 

injection of gases of various molecular weights into the boundary 

layer. Sparrow et al. [9] analyzed transpiration induced buoyancy 

and thermal diffusion-diffusion thermo in a helium-air free con-

vection boundary layer. Jha and Singh [10] examined the problem 

of free convection heat and mass transfer flow over an infinite 

vertical plate moving impulsively in its own place by considering 

the effects of Dufor and Soret. Transient free convection heat and 

mass transfer flow of an electrically conducting, viscous incom-

pressible fluid past an infinite vertical porous plate with transverse 

magnetic field was studied by Shariful Alam et al. [11].  Steady, 

laminar, heat and mass transfer with MHD mixed convection from 

a semi-infinite, isothermal,vertical and permeable  surface im-

mersed in a uniform porous medium in the presence of thermal 

radiation and Dufour and Soret effects was studied by Chamkha 

and Abdullatif Ben-Nakhi [12]. The impact of suction/injection on 

thermophoretic particle deposition in free convection in a vertical 

plate embedded in a fluid saturated non-Darcy porous medium 

using similarity variables was examined by Partha. 

Now, we intend to study the problem of natural convection effects 

on a semi-infinite inclined plate in the presence of Soret and 

Dufour effects. The flow equations are transformed into a dimen-

sionless form and their solutions are obtained by an implicit finite 

difference method. 

http://creativecommons.org/licenses/by/3.0/
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2. Mathematical Analysis 

Soret and Dufour effects on unsteady natural convection flow of a 

viscous incompressible fluid past a semi-infinite inclined plate is 

considered here-with. The x-axis is considered along the plate and 

y-axis is taken upward normal to the plate. 
't   is the time,  is 

the angle inclination of the plate with the horizontal axis. The 

effect of viscous dissipation is neglected in the energy equation. 

The acceleration due to gravity g acts vertically downward. Initial-

ly, it is considered that the plate and the fluid are at the same am-

bient temperature 
'T

 and the species concentration 'C
. As 

time advances the temperature and concentration of the plate are 

'

wT  and 
'

wC  respectively. The concentration of the diffus-

ing species is taken to be very low in the binary mixture and hence 

there is no chemical reaction between the diffusing species and the 

fluid. 

The governing boundary layer equation of mass, mo-

mentum, energy and species concentration under usual Bous-

sinesq's approximation are as follows: 
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where u and v are the components of velocity along x and y direc-

tions respectively,  is the volumetric coefficient of thermal ex-

pansion, * is coefficient of expansion with concentration,  is the 

kinematic viscosity,  is the thermal diffusivity, Dm is the coeffi-

cient of mass diffusivity, 
'

mT  is the mean field temperature, KT 

is the thermal diffusion ratio, cp is the specific heat at constant 

pressure, cs is the concentration susceptibility. 

The last term on the right-hand side of the thermal equation (3) 

and the species equation (4) signifies the Dufour effect and the 

Soret or thermal-diffusion effect respectively. 

On introducing the following non-dimensional quantities: 
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Governing equations reduces to the following form: 
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The corresponding initial and boundary conditions in a dimension-

less form are given by 
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Non-dimensional form of local as well as average skin friction, 

Nusselt number and Sherwood number is given by                   
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3. Numerical Techniques 

The dimensionless basic equations(7)-(10) represents non-linear, 

coupled and  integro partial differential equations, which are 

solved numerically under the initial and boundary conditions(11) 

using an efficient implicit finite difference scheme of Crank-

Nicolson method. For calculation, we consider the region of inte-

gration as a rectangles with sides Xmax = 1.0$ and Ymax = 18.0$. 

The appropriate mesh sizes for calculation are taken as X =0.50 ,  

Y = 0.25 and t =0.01. The Crank-Nicolson implicit method is 

unconditionally stable, more accurate and fast convergent. The 

derivatives and integration involved in the equations (12)-(17) are 

evaluated respectively by five point approximation formula and 

Newton Cotes closed integration formulae. 

4. Results and Discussion 

The non-dimensional parameter Dufour Df and Soret Sr which 

represent the diffusion-thermo and thermal-diffusion effect, can 

take arbitrary values, provided that the value of their product is 

kept to be constant( Kafoussisas and Williams) . Hence, in this 

problem we assumed that their product value is 0.06, provided that 

the mean temperature and the reference temperature are kept as a 

constant.  

Transient period of velocity, temperature and concentration for 

various values of Soret and Dufour (their product is contant) are 

calculated numerically which are shown graphically in the figures 

1-3. More time is required to reach the steady state solution for 

lower values of Dufour. From the figure, we see that the velocity 

and conentration profile increases, but the temperature profile 

decreases with increasing value of Soret number. This behaviour 

is a direct consequence of the Soret effect, which produces a mass 

flux from lower to higher solute concentration driven by the tem-

perature gradient.  Also, when Soret number is high enough, the 

thermal and the solutal buoyancy forces combine their actions to 

enhance the convection which leads to the increase in the velocity. 

Whereas the opposite trend is noticed for the increasing value of 

Dufour number. 

Local as well as average values of skin friction, Nusselt number 

and Sherwood number are depicted graphically in the figures 4-9. 

From the figures, we see that local and average skin friction is 

found to increase either by increasing value of Soret number or 

decreasing value of Dufour number. The same trend is noticed for 

local and average Nusselt number. But the reverse trend is noticed 

for local and average Sherwood number.  
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