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Abstracts 
Viscous flow through and past porous media is of fundamental importance in various branches of Science 

and Technology. Fluid flows involving Porous media occurs in oil production, filtration, coalescence and in biological 

transport. The petroleum engineers are interested in seepage problems arising in extraction of petroleum from oil 

wells.  The civil engineers and geologists are interested to know the ground water movement in porous layer in earth 

in order to tap water effectively and solve water scarcity problems in drought areas. The biologists are interested in 

water movement through plants which needs the knowledge of flow through porous media. Hence it is necessary to 

study flow through and past porous media. Some recent studies in this direction are given in references [19-25].  
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Introduction 

Viscous flow through and past porous media is 

of fundamental importance in various branches of 

Science and Technology. Fluid flows involving 

Porous media occurs in oil production, filtration, 

coalescence and in biological transport. The petroleum 

engineers are interested in seepage problems arising in 

extraction of petroleum from oil wells.  The civil 

engineers and geologists are interested to know the 

ground water movement in porous layer in earth in 

order to tap water effectively and solve water scarcity 

problems in drought areas. The biologists are 

interested in water movement through plants which 

needs the knowledge of flow through porous media. 

Hence it is necessary to study flow through and past 

porous media. Some recent studies in this direction are 

given in references [19-25]. 

 

Berman [1] studied the problem of 2D steady-

state Newtonian laminar flow in a channel with Porous 

walls.  Bird et al. [2] investigated the Bingham fluid 

flow in a rigid circular tube. Brady [4] reported that for 

tubes that are very long compared to their radius, the 

inlet velocity profile for flows above critical Reynolds 

number does not necessarily decay in to the fully 

developed similarity profile for an infinite tube. In 

view of several applications in biomechanics, 

Vajravelu et al. [5] made a study on the Bingham fluid 

flow in a circular tube with permeable wall.  The 

velocity field is obtained using Beavers and  

 

Joseph [3] slip condition at the permeable wall. The 

Bingham fluid flow between two permeable beds is 

discussed by Govardhan et. al. [6]. Comparini [7] 

discussed a one-dimensional model for the time 

dependent flow of a Bingham fluid between two 

parallel plates.  

  

 Couette flow of Bingham Plastics was 

considered by Loest et al. [8] who performed two 

dimensional numerical simulations of Bingham 

slurries for the forming flow of ceramic tapes using 

finite element methods.  Ravana et al. [9] studied the 

free surface flow of a Bingham fluid in an inclined 

channel over a permeable bed.  The flow in the channel 

is described by Bingham model, where as the flow in 

the permeable bed is according to Darcy law.  The 

velocity field, the shear stress, the mass flow rate and 

its fractional increase are obtained. Narahari et al. [10] 

discussed unsteady flow of a Bingham fluid between 

two permeable beds having different permeabilities. 

The velocity distribution in the porous and non-porous 

regions are obtained.  Sankara Reddy et al. [11] made 

a detailed study on the Bingham fluid flow in an 

inclined channel bounded by two permeable beds.  The 

velocity distributions in the porous and non-porous 

regions are obtained. Petrov [12] examined 

analytically the unsteady flow of Bingham fluid 

caused by an abruptly applied pressure gradient.  The 

work by Karode [13] deals with analytical solutions of 

pressure drop in Newtonian flows in a tube and a 

rectangular slit with porous walls.  
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 Ariel [14] obtained exact analytical solutions 

of laminar flow of a second grade visco elastic fluid 

employing two geometries.  Oxarango et al. [15] to 

introduce a one-dimensional model so as to describe 

the laminar Newtonian fluid flow in a two dimensional 

or circular porous channel with wall suction or 

injection.  Heat transfer was also taken in to account in 

the solution of the incompressible.  Newtonian Couette 

flow with porous plates in the work by Fang [16]. 

Kamisli [17] discussed the laminar Couette flow of 

Non-Newtonian fluid in channels with wall  suction/ 

injection using asymptotic techniques. Sokrates 

Tsangaris et al. [18]  analyzed Couette flow of a 

Bingham plastic in a channel with equally porous 

parallel walls.   

 

 In this chapter, the Couette flow of a 

Bingham fluid between two parallel permeable beds 

with suction and injection is investigated. The upper 

bed moves with constant velocity V and the lower bed 

is kept stationary. The velocity field in the plug flow 

and non-plug flow regions is obtained. The effect of 

three dimensionless parameters viz. Bingham, Couette 

and Reynolds numbers on the velocity is discussed.  

 

Nomenclature 
 

x, y   Cartesian co-ordinates  

u      Velocity component in x-direction  

k1      Permeability of the lower bed  

k2      Permeability of the upper bed  

Q1     Darcy velocity in the lower bed  

Q2    Darcy velocity in the upper bed  

h      Width of the channel  

      Slip parameter  

uB1     Slip velocity at y =0 

uB2 Slip velocity at y=h  

p Pressure  

  Density of the fluid  

  Coefficient of viscosity  

 0  Yield stress of the fluid  

  Local shear stress  

u1 Velocity component in 0≤y≤h1 

u2 Velocity component in h1≤y≤h2 

u3 Velocity component in h2≤y≤1 

Re  Transverse Reynolds number,     
V h 

 
 

 

Bn Bingham number, 
h

PU

 
 
 

 

Co Couette number, 

P

U

U

 
 
 

 

V Suction/ Injection velocity  

 

Mathematical formulation of the problem 
 Consider the Couette flow of a Bingham fluid 

between two permeable beds as shown in Fig.1. The 

permeabilities of lower and upper beds are k1 and k2 

respectively. The lower bed is stationary and the upper 

bed moves with constant velocity u. The fluid is 

injected into the channel from the lower bed with a 

velocity V and is sucked out in to the upper bed with 

the same velocity V. The width of the channel is h. X-

axis is taken along the nominal surface of the 

permeable bed and y-axis is taken perpendicular to x-

axis. The flow between the two permeable beds is 

governed by Bingham Model and the flow in the 

permeable beds is according to Darcy’s law. The flow 

is driven by a constant pressure gradient. Cartesian co-

ordinate system is used.  

 

 
Fig.1: Physical Model 

 

Basic equations 

 
du dp d

v
dy dx dy


            (3.1) 

y y

du du
Sign ,

dy dy

 
        

   

(3.2) 

y

du
0,

dy
             (3.3) 

 

Boundary conditions  

 

11 Bu u at y 0         (3.4) 
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22 B 2u u Co at y h       (3.5) 

y h y h1 2

1 2du du
0

dy dy 

   
    

   
       (3.6) 

   1 1 2 2u h u h         (3.7) 

1 2 1u u at y h          (3.8) 

2 3 2u u at y h          (3.9) 

y h y h1 2

31
dudu

0
dy dy 

   
    

   
           (3.10) 

 

Non- dimensionalization of the flow quantities 
 The following non-dimensional quantities are 

introduced to make the basic equations and the 

boundary conditions dimension less:  

 

p p

u h
y y / h ; u ; ;

U U


   


 

2

P

h dp V h
U ; Re ;

dx

 
 

 
    

y

0 n

P p

hU
c ,B

U U


 


 

In view of the above dimensionless quantities 

equations (3.1) – (3.3) reduces  to the following form. 

The bars (-) are neglected here after.  

du
Reu y Bn

dy
     Sign 

du
k,

dy

 
 

 
 

Bn 

 

                                        (4.1) 

du
0, Bn

dy
  

                  

(4.2) 

 

 
1 1B 1 B 1

du
u u , u Q at y 0;

dy
    

 

         

(4.3) 

where   1

a1D


    

B2 0u u c  ;   
22 B 2

du
u Q at y 1;

dy

 
    

 
    

(4.4) 

where    2

2Da


       

1 2y h y h

du du
0

dy dy
 

   
    

   
       (4.5) 

   1 2u h u h         (4.6) 

 

Solution of the problem  
 Solving equation (4.1) subject to the 

boundary conditions (4.3) to (4.6) we get the velocity 

field as  

 

    Rey

1 12

1 Bn k
u y Re y 1 k e

Re Re


   

 10 y h            (5.1) 

    Rey

2 12

1 Bn k
u y Re y 1 k e

Re Re

 
   

 2h y 1            (5.2) 

 

 

where  

   

2 1

1 12 2

Reh Reh

1 2Re 1 h Re 1 hReh Reh

a e a e
k ; k

e e e e
 

 
 

  
2 1B B

1 2Bn
a Co u u

Re Re
    

 
 

The slip velocity at the lower and upper beds are 

obtained as  

 1

2 2 4 1
B

1 4 2 3

A G A G
u

A A A A



 

       (5.3) 

 2

3 1 1 2
B

1 4 2 3

A G A G
u

A A A A



 

       (5.4) 

 

where  

 

2Reh

1 1A d Re e   , 2Reh

2A Re e , 

2Reh

1 1 1

d
G Re e Co 1 2Bn d Q

Re
     

 1Re 1 h

3A Re e ,



 1Re 1 h

4 2A Re e d


    

   

 

1 1

1

Re 1 h Re 1 h

2

Re 1 h

2 2

d
G e 2e Bn

Re

Ree Co d Q

 



  

  
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 

 

Re 1 2Bn

1

e e e

1 e 1
h log

R R 1 2Bn Co R





 

,

2 1h h 2Bn    

 

Results and discussions 
 From equations (5.1) – (5.2) we have 

calculated  the velocity u, as a function of y. Velocity 

profiles are plotted for different values of Brinkman 

number Bn, with  fixed  R =5, Co=0.02, 5  , Da = 

0.001, and is shown in figure 2. We observe that the 

velocity increases with increase in y initially and 

maintains a constant velocity for some length and then 

it decreases with the increment in y. For a given y, we 

notice that the velocity decreases with increasing 

Brinkman number. 

 

 Figure 3 shows the effect of Couette number 

Co on the velocity. We observe that the velocity 

increases with increase in y initially and maintains a 

constant velocity for some length and then it decreases 

with the increment in y. For a given y, the velocity 

increases with increasing Couette number. 

 

 The variation of velocity u  for different 

values of Reynolds number Re is drawn in figure 4. 

We observe that the velocity increases with increase in 

y initially and maintains a constant velocity for some 

length and then it decreases with the increment in y. 

For a given y, the velocity increases with increasing 

Reynolds number.  

 

 Figure 5 is plotted to observe the effect of 

different values of Darcy number Da on the velocity u. 

we found that the velocity increases with increase in y 

initially and maintains a constant velocity for some 

length and then it decreases with the increment in y. 

For a given y, the velocity increases with increasing 

Darcy number.  

 

 

. :      

      5, 0.02,

0.001, 5

 

 

nB R Co

Da 

Fig 2 Velocity Profiles for different values

of with fixed values of  

.  

. :       

     5, 0.08,

0.001, 5

 

 

R Bn

Da 

Fig 3 Velocity Profiles for different values

of Co with fixed values of
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. :       

     0.02,

0.08, 0.001, 5



  

Co

Bn Da 

Fig 4 Velocity Profiles for different values

of R with fixed values of

 

. :      

      0.02,

0.08, 5, 5



  

Co

Bn R 

Fig 5 Velocity Profiles for different values

of Da with fixed values of  
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