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Abstract 

The present paper discusses the phenomenon of longitudinal dispersion by regarding cross-sectional flow velocity as time 

dependent in a specified form. An approximate solution of the differential equation arise in this phenomena of miscible fluid 

flow through porous media has been obtained by method of composite expansions by using ˝Similarity˝ (Boltzmann) 

transformation.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In laminar flow mix in the direction of flow has been discussed. The hydrodynamic is the macroscopic outcome of the actual 

movements of individual tracer particles through the process and various physical and chemical phenomena that take place 

within the pores. This phenomenon simultaneously occurs due to molecular diffusion and convection. This phenomenon plays an 

important role in the sweater intrusions into reservoirs at river mouths and in the underground recharge of waste water. This 

problem has been discussed by several  authors from their different viewpoints, namely , scheidegger [5], Bhathawala [1], Raval 

[4].The mathematical formulation of this specific problem of miscible fluids flow  through porous media gives  rise to a 

nonlinear partial differential equation, which is then transformed into ordinary differential equation by the method  of   

˝Similarity˝(Blotzmann) transformation, Boltzmann [2].Here ,the longitudinal dispersion coefficient (D_L) has been considered  

as a perturbation parameter (ɛ), and an approximate solution has been obtained by method of composite expansions.  

II. DIFFERENTIAL EQUATION OF THE FLOW 

The governing   general equation of dispersion is 
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Where   ̅ is the dispersion tensor , C is the concentration , u is the pore velocity,   is the density of mixture. 

The longitudinal dispersion phenomenon in a porous media is given by 
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Where   ̅  is the cross – sectional time dependent flow velocity and boundary conditions are, 
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Where       is  the  initial  concentration  of  the  tracer ,     &      are  the  concentration at                    

respectively . Also we assume that  at       (finite  number , however  large) the concentration  is  near  to   . 

Since   ̅  is the cross – sectional time dependent flow velocity through porous medium, it is regarded  as 
  

√ 
  for  definiteness. 

Again by setting dimensionless variable X = 
 

 
  , the equation (2) together with (3) becomes 
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and       (    )            (    )          (    )                                                                              …(5)                    

BY using “Similarity” (Boltzmann) transformation     
 

√ 
   ,   equation (4) can be transformed into 
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Under the transformation    
 

√ 
    the first boundary condition becomes (Since t > 0) 

           ( )                                                                                                                                                         …(7) 

And  the  initial  and  second  auxiliary  conditions  are  consolidate  only  if           and  hence, we have 

           ( )                                                                                                                                                     …(8) 
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Here the longitudinal dispersion coefficient (  ) is small enough to consider as a perturbation parameter ( ). Thus equation (6) 

with the condition (7) and  (8) may be rewritten as 

                           (
 

 
     )                Where       

  

  
                                                                               …(9) 

                ( )          ( )                                                                                                                        …(10)                     

Equations (9) together with condition (10) constitute a second order linear boundary value problem. 

III. SOLUTION  

Since  the perturbation parameter  is multiplied to the highest derivative in equation (9),we obtaine its solution by using method 

of composite expansion, Nayfeh [3]. 

Since the coefficient  of    ( )  is positive in the interval  (0, ),The non-uniformity     occurs near       To describe    in 

the region of non uniformity we need a stretching  transformation       
 

 
   and inner exapansion is described in terms  of  the 

special function  exp (-   ) = exp(-  
 

 
   ). We assume that                        
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Where    (     )  is negligible outside the boundary layer [3]. Thus, 

            (     )    (    )     ( )       ( )                                                                       …(12)  

Since                 

            (      )     ( )     ( )        
 ( )     ( )    ( )                                                 …(13)          

                          Since  (     )   is negligible outside boundary layer,   (     )   satisfies the boundary condition   

 ( )         ( )                                                                                                       …(14) 

The boundary condition  ( )      is satisfied by H+G. So that  

             ( )     ( )           ( )     ( )                                                                                    …(15) 

 Substituting   (12)  into (11), keeping  n  fixed  and  equating  coefficient  of  powers  of  ԑ , we have 

           L ( 
 

 
      )  

                                                                                                                            …(16)                                 

             ( 
 

 
      )  

         
                                                                                                        …(17)                

                Now we express (11) in terms of inner variable     
 

 
 . Substituting (13) into the resulting equation, keeping ᶓ fixed 

and equating coefficients of like powers of ԑ, we have 
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Now solution of (16) and (17) subject   to (14) are 

                                     respectively.                                                     …(20) 

Solution of (18)   and   (19) subject to (15) are   

      (       )    (   )  and       (       )   (    )    (
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Thus   an approximate solution of (9) is, 

C(η,ԑ)= r_2+ (r_1- r_2 )  exp(-Lᶓ)+  ԑ/4  L(r_2- r_1 )  ᶓ(Lᶓ+2) exp(-Lᶓ)+ …….                                               …(22) 

That is  

 C(X,t)  = r_2+ (r_1- r_2 )  exp((-LX)/(ԑ√t))+  1/4 L(r_2- r_1 )  1/√t (LX/(ԑ√t)+ 2) exp(-LX)/(ԑ√t))+⋯           …(23) 

IV. CONCLUDING REMARK 

Equation   (23) is the perturbation solution of specific problem (4) of miscible fluid flow through porous media under certain 

assumptions, in terms of inverse exponential function. As                         , the concentration tends to   ( 
  )                  , The concentration tends to     here           , so as     concentration increases and as   
     concentration decreases. 

Due  to our interest  in analytical  study , we  have  not  encountered  its  numerical  and graphical solution. 
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