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PART- ONE 

TO STUDY THE FLOW OF MHO FLOW 
THROUGH POROUS MEDIUM OF DIFFERENT 

PERMEABILITIES UNDER PRESSURE 
GRADIENT 

Introduction : 

The study of the stratified fluid through the porous medium has a great 

importance in many engineering and technological fields. The motion of viscous 

stratified liquid largely depends on the magnitude of the stratification factor, porosity 

factor and slip parameter and magnetic parameter (M) and permeability parameter 

(H), so they must have an effect on the slip velocity also. The study of the flow of 

viscous fluid past a porous bed without stratification has been studied by Beavers 

and Joseph (1967). Beavers etal (1970) and Rudraiah N, Rajasekhara B.M. and 

Ramaiah B.J. (1975) studied the flow past a porous medium by the use of Beavers 

and Joseph slip condition in which transfer of momentum was considered. Musket 

(1946) and Scheidegger (1963) showed that the Darcy law is valid when Reynolds 

number R is low. However, in many cases the flow velocity is not always small in a 

porous medium. Brinkman (1947) suggested a model of boundary layer type 

equation for flow through porous medium. 

Kumar (1985) considered the flow between two permeable beds using 

Darcy's law in one permeable bed and in other bed he used Brinkman equation. 

Gupta and Sharma (1978) discussed the flow in a channel with permeable and 

impermeable moving plate. The same problem was discussed by Chauhan and 

Vyas (1991). Singh (1995) discussed the MHD flow through porous medium of 

different permeabilities. 
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In the present note we have studied the effect of slip velocity on the MHO 

plane coutte flow of a viscous incompressible fluid in a channel with porous medium 

of different permeabilities. 

Using the slip boundary condition we divide the entire flow region into three 

zones. Zone-1 relates the free flow above the bed which is governed by Navier

Stokes equations and Zone-2 relates to highly permeable region where the flow is 

governed by Brinkman's equations and Zone-3 the region of low permeability where 

the flow is governed by Darcy's law. 

The distribution of velocity in the three zones have been calculated separately 

and all the three velocities have been calculated in exact form. 

Mathematical formulation of the problem 

Here we have considered a physical model illustrating the problem under 

consideration, shown in fig-1 . Zone-1 consists of a parallel plate channel of height 

h where the lower bounding high permeable region while the upper one is a moving 

plate. Zone-2 consists of the region of high permeable of same height hand Zone-

3 consists of the region of low permeable region of the same height h. The fluid is 

considered electrically conducting and magnetic field of intensity 8 0 is introduced 

in the flow field. 

t t t t t t t t t 
Zone-1 ~u 

Figure -1 
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Assuming the body force and pressure gradient to be a common constant 

force P by which the flow in the zones is driven in the x-axis direction along the 

flow and y-axis is taken normal to it, the basic equation of the motion in three 

zones can be written as-

02u _ _!_ op _ crB~u = 0 forZone-1 (1) 

oy2 J.l ax Jl 

K2 ap 
and Q2 = Q0e-13Y where Qo =---;-ax for Zone-3 (3) 

Where u, Q1 and 0 2 be the velocity of Zone-1 , Zone-2 and Zone-3 respectively 

and M is the magnetic parameter and K1 and K2 are the permeabilities parameter 

of the Zone-2 and Zone-3 respectively and a is the slip parameter and f3 is the 

stratification factor. 

After (street-) the first order slip boundary condition are 

au 
u = uo - L cy on y=h .... (4) 

Where u0 =velocity with which the plate y = h is moving. 

au oQl 
u = Q1 and cy = ay on y=O .... (5) 

aQl 
and Q2 =-Ql +L1 ay ony=-h ..... (6) 

(2-m)L 
where L1 = ...o..__ _ _.:__ 

m 

I 

and L = J.!( - 7t ) 
2 

is the mean path and m=Maxwell's reflection co-efficient. 
2pp 

Let us make all the above equations non-dimensional by using the quantities, 
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u1 - h u . 'I I f Q Q Q d U y 1 - y 1 - p 
- O Simi ar y Or 1, 2, 0 an 0, - h' p - ~ ~r ' 

With the help of (8) Equations (1 ), (2) and (3) reduce to the following form 

assuming the pressure gradient (- :) =constant p. 

,., 1 

d"·u' 2 ; 
--

2
-M u =-p 

dy/ 

I 
and Qi = Q6 e-ny 

where u QJ = - KJ h2 Bpi p(n) 2 

h ~ hax1 h 

1 1 Bp
1 

or Q0 =-K2 - 1 =K2P 
ax 

with the slip boundary conditions. 

I 1 Ll au! 
u = U. -- -- I 1 d I Ql o h 0)/ on y = an u = 1 

8u
1 = au1 

I 
and Or 1 a;/ on y = 0 

1 1 L1 BQf 
Q2 =Q1 -- --1 ony=-1 

h By 

... (9) 

... (10) 

... (11) 

.... (12) 

.... (13) 

Dropping all dashes of (9), (10), (11), (12) and (13), and confining (11) and 
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(12) we get. 

and Q2 = pK
2 

e-ny 

(Kl > K2) 
and the boundary condition (13) 

au 
becomes u = Uo -a 8y on y = 1 

au aQl 
u = Q1 and 8y - 8y on y = 0 and 

aQl 
Q2 = Ql +a 8y on y = -1 

LI 
where h =a 

Solution of the Problem : 

.... (14) 

... (15) 

....... (16) 

... (17) 

Equations (14) and (15) are ordinary second order differential equation and 

their solutions are 

u = AleMy + Ble-My + p2 
M p 

=A Cosh my+ B Sinh my+ M2 

where A= A1 +B1 

B=A1 -B1 

and Q1 = C eNy +De-Ny+ p
2 N 

and Q
2 

= P K
2 

e-ny 
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.............. (19) 

.............. (20) 



Using the slip boundary conditions given in ( 17) we get 

U0 - :p = AeM~l + Be-M~2 ............... (i) 

p p 
C+D+-2 =A+B+-2 ............... (ii) 

N M 

N(C- D)= M(A- B) .............. (111) 

PK N p c -N D -N 
2e = N 2 + e 111 + e 112 .............. (iv) 

where 1 + aM= ~ 1 , 1 -aM= ~2 

1 ' rvN -- n 1'- N JI.T- ... .._ 
I U. - ' il ' vw. V - I 12 

From (ii) and (iii) we get 

C = A L - B L - p LlL2 
2 I 2 2 M2 

D= -A~+ B 4 _ PLl~ 
2 2 AJ2 

M+N M-N 
where = L1 and = L2 

N N 

Using (v) and (vi) in equation (iv) we get, 
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........... (v) 

.......... (vi} 

...... (21) 

..... (22) 


