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Abstract - The unsteady laminar flow due to a moving horizontal cylinder with Soret effect and Dufour effect is 

investigated numerically. The governing partial differential equations in cylindrical form are first transformed into 

dimensionless governing equations and then solved numerically by an iterative technique based on finite difference 

scheme.  The effect of Soret number,  Dufour number, Prandtl number and Schmidt number on temperature and 

concentration distributions are discussed graphically. The local Nusselt number is also shown graphically.   

Keywords:   Soret effect, Dufour effect, unsteady flow, moving horizontal cylinder, finite difference method. 

I. INTRODUCTION 

The unsteady laminar flow due to moving horizontal 

cylinder is important in extrusion and industrial processes. 

Takhar et. al. [1] discussed the combined heat and mass 

transfer along a vertical moving cylinder with a free stream. 

Ganesan and Langanathan [2] studied unsteady free 

convection flow over a moving vertical cylinder with heat 

and mass transfer. Saeid [3] studied analysis of free 

convection about a horizontal cylinder in a porous media 

using a thermal non-equilibrium model. N. Zainuddin et al. 

[4] discussed oscillatory free convection about a horizontal 

circular cylinder  in presence of heat generation. Sharma 

and konwar  [5] studied the thermal diffusion, radiation and 

chemical reaction effects  about an axially moving cylinder 

in a binary fluid mixture.  

The mass flux caused by temperature gradient is referred as 

the Soret effect. The Soret effect has been consumed for 

isotope division and in mixtures between light molecular 

weight of gases.  The energy flux caused by concentration 

gradient is referred as the Dufour effect. The Dufour effect 

is created a significant magnitude for gases of medium 

molecular weight. Similarity solutions for double diffusion 

effects on free convection flow in a non-Darcy porous 

medium with Soret and Dufour effects has been obtained by 

Partha et al. [6].  El-Kabeir [7] discussed the Soret and 

Dufour effects on laminar flow over a permeable stretching 

cylinder in presence of chemical reaction. Ramzan et. al [8] 

studied the soret and Dufour effects on MHD stagnation 

point flow by a permeable stretching cylinder in presence of 

heat generation/ absorption and chemical reaction. Sharma 

and Borgohain [9] discussed chemical reaction, Soret and 

Dufour effects   on unsteady MHD mixed convection flow 

in the forward stagnation region of a rotating sphere in a 

porous medium.  Mahdy [10] discussed the Soret and 

Dufour effects on flow and heat transfer of a casson fluid 

due to a stretching cylinder.   

II.  FORMULATION OF THE PROBLEM  

Consider a laminar flow which is unsteady past an 

impulsively started semi-infinite horizontal cylinder of 

radius R. The   -axis is considered along the axis of the 

cylinder and the   -axis is considered in the radial direction. 

It is assumed that at first the cylinder and the fluid are  

maintained at the same temperature   
  and  concentration 

level   
  for all      0. 

  At time      0 the cylinder starts moving in the horizontal 

direction with a uniform velocity   
  and surface of cylinder 

is raised to a uniform temperature       and concentration  

    .  

 

Figure 1. Physical configuration and coordinate system 

The governing equations are 
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where    and    are the velocity components in    and     

directions respectively,   is the kinematic viscosity,    is 

the fluid density, k is the thermal conductivity,     is mass 

diffusivity,    is the specific heat at constant pressure,    is 

concentration susceptibility,    is the mean fluid 

temperature,     is the thermal  diffusivity ratio. 

The appropriate boundary conditions for the problem 

are given by    
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Introducing the following non dimensional quantities 
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where  Pr is prandtl number,  Sc is Schmidt number,  Sr 

is Soret number,  Du is Dufour number.  

 

Substituting equation (8) into equations (1), (3), (4) 

and (5), we get the following equations:  
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The boundary condition (6), (7) and (8) becomes 

 

u = 0,   = 0,    ,        at    t       

   

t   :  

 

 u =  ,   =   ,             at r =1,    

   

  u = 0,     ,         at  z = 0                    (13) 

                                  

     ,    ,         as           

 

Now, the pressure P can be determined from equation 

(2) in the form:           
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The Nusselt number Nu and Sherwood number Sh, 

which are defined as 

 

Nu = 
   

             
 , Sh = 

   

              
                 (15) 

 

 The heat transfer    and the mass transfer    from 

the surface of the cylinder are given by   
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Using equations (8) and (16) in equation (15) we have,  

 

          Nu=        ,  Sh =                                                                                                                

III. METHOD OF SOLUTION 

The dimensionless partial differential equations (9)-

(12) subject to the initial and boundary conditions (13) 

are reduced to a system of difference equations using 

the following finite difference scheme  
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 and then the 

system of difference equations is solved numerically 

by an iterative method. The finite difference scheme 

of equations (9) – (12) is as follows: 
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IV. RESULTS AND DISCUSSION 

Numerical calculations are calculated for various values of 

the Dufour number Du, the Soret number Sr, the prandtl 

number Pr, time t and the Schmidt number Sc. From the 

process of numerical computation, the local Nusselt number 

and the local Sherwood number are proportional to        

and        repectively, Here the local Nusselt number is 

shown graphically.  To exhibit the Dufour effect and Soret 

effect on temperature and concentration distributions we 

have drawn the temperature profile in Figures. 2-3 and 

concentration profile in Figures. 4-5 against r for various 

values of Dufour number and Soret number. The effect of 

Prandtl number on the temperature profile is also shown in 

Figure. 6.   

It is observed from Figures. 2-3 that the temperature 

increases with increase in Dufour number and the 

temperature decreases with increase in Soret number. 

Thermal diffusivity increases with increase in Dufour 

number, the process results in increasing manner of energy 

transfer increase thermal boundary layer. Soret number 

represents the involvement of the temperature gradient to 

concentration gradient. It can be seen that increase in Soret 

number causes fall in temperature.  

It is noticed from Figures. 4-5 that the concentration 

decreases with increase in Dufour number and the 

concentration increases with increase in Soret number. 

Dufour number represents the involvement of the 

concentration gradient to temperature gradient. It can be 

seen that increase in Dufour number causes fall in 

concentration. Increase in Soret number causes rise in 

concentration as a result of greater mass diffusivity. It is 

seen from the Figure. 6 that increase in Prandtl number 

causes fall in temperature as a result of lower thermal 

diffusivity. 

It is observed from Figure. 7 that the concentration 

decreases with increase in Schmidt number. With increase 

in Schmidt number mass diffusivity decreases causing a 

reduction in concentration. It is noticed from Figure. 8 that 

temperature increases with the increase of time.  

From Figures.9-10 it can be noticed that the local Nusselt 

number increases with the decrease of Dufour number and 

increase of Prandtl number. The local Nusselt number 

decreases with the increase of Soret number and increase of 

Schmidt number.  

 

Figure 2. The temperature profile for  Dufour number 

 

Figure 3. The temperature profile for  Soret number                    

 

               Figure 4. The concentration profile for  Dufour number                 

  

Figure 5. The concentration profile for  Soret  number               
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        Figure 6. The temperature profile for  Prandtl number 

          
Figure 7. The concentration profile for Schmidt number     

 

          Figure 8. The temperature  profile for  time 

Figure 9. Effect of Dufour  number on the Nusselt  number with          

various  values  of Prandtl number 

 

Figure 10. Effect of Soret number on the Nusselt  number with          

various  values  of Schmidt number 

V. CONCLUSION 

 The temperature is decelerated but the concentration is 

accelerated with the increase of Soret number (Sr). 

 The temperature is accelerated but the concentration is 

decelerated with the increase of Dufour number (Du). 

 The temperature is decelerated with the increase of 

Prandtl number (Pr) and the concentration is 

decelerated with the increase of Schmidt number (Sc). 

 The temperature is progressively accelerated with the 

increase of time (t) .   

 The local Nusselt number decreases with the increase 

of Soret number (Sr) and increase of Schmidt 

number(Sc).  

 The local Nusselt number increases with the decrease 

of Dufour number (Du) and increase of Prandtl number 

(Pr).  
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