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Abstract. The steady laminar flow of a viscous incompressible 
fluid in the presence of a transverse magnetic field in a channel of 
rectangular cross section with two porous walls of different permea
bility has been examined, using the slip flow conditions at the walls. A 
numerical estimate for the velocity profile, pressure rise and the skin
friction at the walls has been made and conclmions drawn. 

1. Introduction. The steady ·laminar flow of a viscous incompre

ssible fluid between two parallel and porous walls of different permea
bility has been studied by Terril! and Shrestha [ l]. This problem has 
been extended in the frame work of MHD by Reddy [2].. [n the present 
analysis, the effect of slip velocity at the walls i.s taken into comider
tion, following the notation of Reddy [2]. 

2. Basic Equations and Solutions. We seek the solutions of eqs. 
(3.1) and (3.2) of Reddy•s work subject to the boundary conditions: 

au 
..\=-1: u(x, ..\)=e 0~, V(x, ..\)=Vi. 

. (Ju 
,\ = 1 : u(x, .\) = -e (),\ , V(x, ..\)= V2, 

(2.1) 

where e=~u/h, the non-dimensional first order slip as in Schaff and 
Chambre [3]. 
when fV2 ldi/Vz/ fnl!owing Reddy's analysis we solve eq. (3.8) of his 
paper, i.e., 

j'" +R2 (f' 2-fj'')-M2 f'=K, 
subject to the above boundary conditions, i.e. 

f(-l)=l-a 2,f(I)= l,f'(± l)= +EJ'' (±I). 

(2.2) 

(2.3) 
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When R2 is small, we solve eqs. (4.2) of his paper subject to : 
fo (- l)=l-oc2,fo(l)= 1, fn(± 1)=0, n:>l ; 

{,,,,' ( ± 1)= + e /,." ( ± 1) ; n :>O. (2.4) 

The first-order perturbation solution of eq. (2.2) subject to eq. 
(2.4) is obtained as : 

(1) 
f (.\) = fo (,\) + Rd1 (.\) , 

(l) 
K =K0 +R2 K 1 , (2.5) 

where/0 (~./1 (.\), K 0 and Ki ue given by 

/ 0 (,\)=1- oc~ +2A1 (sinh M,\~A9,\), (2.6) 

/ 1 (,\)=2~1 {sirih M,\-,\ sinh M}+A 1 (~oc2){1-e -MA.} 
-,\ f ~ (2-ocz) (l-e -M)+ 7Af A2 cosh M 

'l_M M 

Ai 4{sinh M·-M (cosh M + eM sinh M)}' 

A 2=M (cosh M +eM sinh M). 

(2.7) 

(2.8) 

(2.9) 

B1={M Cfl5h M+(eM2 -l) sinh M}-1l{A~~2 M 
-M 

(2-o:s) A Ml 
4 1 s 

h M-3A2 A . h M+A1 (2-oc2) {-1-_e __ -e-M} 
cos 1 2Slll 2 M 

+~ l (3M A~ All+2A1 M (2-cx.2)) cosh M-(12 Ai A2+ 

A 1M (2-cx2)+ A 1~2 (2-o:ll)-A~ A2 M 2
) sinh M }]. (2.10) 

K
0
=2A 1 M 3 (cosh M+eM sinh M), (2.11) 

K1 =4Ai (M2 +A~)+7Ai A2 M cosh M 

+A1 M2 sinh M\~-~t2 -A 1As )+M2 (1-cx.2) 

-M +A
1
M (2-cx.2)(e -l)+2B1M 2 sinh M. (2.12) 



M HD Slip Flow in Rectangular Porous Channels of... 145 

In the absence of magnetic field, the above reduce to : 

(2.13) 

oc;(l+9E)A 3oc~(1+7e) ,\a 
ft (,\)-:- - 560 (1 + Je)3 + 1120 (l+ 3e)8 

oc• lt,7 

112; {l +3e)2 ' (
2 .1 4) 

· · 3ocll 
Ko . -2 (l-t-3E) ' 

K _9(36+252e+560 f;a+420 e3)oc: 
1 - 560 (I + 3e )3 

3oc1 (2-ix1). 

4(1+3E) 

(2.15) 

(2.16) 

When oc1 =2 and e=O, we recover the solutions of Berman [4] 
from equations (2.13 through 2.16). 

When I Vil >IViif, a perturbation solution for small R1 can be 
obtained in a similar manner but this will not present any new 
physical features, 

3. Discussion 

(i) Velocity distribution. The velocity components in the axial and 
perpendicular directions have been obtained from equations (3.5) of 
Reddy's work, they are . . . 

u [ 1 4R2 x ] , V 4R2 ) 
U(ol= "11 -- R* Ii. f (>..) ; u(o)= R* f (>.. .• (3.1) 

where f (>..) is given by eq. (2.5), R*=4h U(O)/v is the entrance 
Reynolds number and 

f' (>..)=2A1 (M cosh M.\-A1)+R1 [2B1 (M cosh M.\-sinh M) 

(2 ). _M1; {A1 ( 2 .)(l -M).+ 7A~ A1 cosh M 
+A1 -ixll e - M -ix2 -:e . M 

+(
2 

2 ix'1_A1 A3 ) A1 sinh M}+~i {..\Msinh M>.+cosh M>.}+A 1 

{(<2
-

2
o:x)A._A 1Ai1.\2 ) Mcosh M>.+(2 

2
1X

2 -2A1 .42 >..) sinh M>.}l \ 

(3.2) 

The function f' (,\)has been plotted in Fig. 1 for R2=0'5 and for 
various values of M, o:ll and e. Increase in the value of ocx increases 
the velocity distribution in the channel. It is seen that the dimension
less slip velocity f' (±I) increases as M increases. We note, when 
1X2 =2, R2 =O .and M'FO, the effect of slip decreases. the ceri'tre line 
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velocity f' (0) from its maximum value of J ·5 (continuum flow) 
towards a value of t ·o. It is further, observed that the flow at the 
'centre of the channel gets retarded in the presence of the slip as well 
as the magnetic field. 

__,_,__( .. o 

------ =0·2 

Fig. 1. Plot of velocity distribution in the axial direction 

(ii) Pressure distribution. The non-dimensional pressure drop in 
the axial direction is given by eq. (5'10) of his paper, i.e. 

Px= ~* ( ~ ) [a: - 2
:; ( Z ) ] (-8 K), (3.3) 

where K is given by eq. (2.5) 

The variation of the pressure drop in this direction for R* = 1000, 
R1=0· 5 has been plotted in Fig. 2 for various values of M, «m and «. 

As in Reddy's work, the pressure drop increases with increase in the 
Hartmann number M. By increasing the values of e and «1, it decrea
srs rapidly, more so along the axial direction. 

(iii) Friction-coefficient: From eq. (5.13) of his paper, the wall 
friction in non-dimensional form is given by 

c(+ I) _ _!_(-! - 4Rs ~) [f'' (>.) ] (3.4) 
f R* Gt3 R* h >. = -1 and l 
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f" (-l)=-[2A1 M 1 sinh M +Rs {(2B1-A! A1)M1 sinh M 

+Ai M ~-~s)\ (2-M) .sinh M 

+A~ Aa (12 sinh M+3M cosh M)}], (3.5) 

f" (1)=2 A1M" sinh M + R1 {(2B1-A~ A1) M 1 sinh M 

+ AiM~-«a) (2+M) sinh M 

+A~ A:t ( 12 sinh M +3M cosh M)} (3.6) 

Fig. 2. Plot of pressure drop in the axial direction. 

From eqs. (3.5) and (3"6) we note, for «1 =2, the skin friction 
at the walls is equal and opposite. From Fig 3, we observe that this 
coeffi<.::ient at the lower wall increases with an increase in the Hart
mann number in agreement with Terrill and Shrestha [5]. It is also 
observed that the skin friction increases with increase in «s only upto 
a certain value of x/h, beyond which it decreases. The effect of the slip 
coefficient is found, in general, to decrease the skin-friction at the 
lower wall. From Fig. 4, similar features are also found to hold good 
for the skinmfriction at the upper wall. 
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Fig 3. Plot of skin-friction 
at the lower wall. 
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