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Abstract 

The flow of a stratified viscous fluid through a porous medium between two parallel impermeable 
outs when the lower plate fluctuates in time about a constant mean and the upper plate moves 
with a constant velocity is analysed. Various graphs have been drawn to show the effect of the 
permeability of the porous medium and of the stratification upon the velocity field and upon the 
amplitudes and the phase leads of the fluctuating parts of the skin-frictions on the plates. 
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1. Lotroductiou 

Plaid m)tion influenced by the density and viscosity variations in the fluid characterised 
as stratifi.,d flow is tiding application in a large number of techaological fields. It is 
vnddy applicable to withdraw fluid from a region in which fluid density vaiies in the 
vertical threction. ThLs type of flow is of great importance to th; petroleum engineer 
concerned with the moveimnt of oil, gas and water th -ough tbx reservoir of an, oil 
or gas field as the flow behaviour of th; fluid.. in a petroleum resetvoir depends to a 
Large;  extent on th; viscous stratifkation ar.d also on the porous propertits of the rock. 
Thirefore, a techlique of such study is need d that can gkve new or add,tional infor- 
mation about the characteristics of the rock and flow behaviour through the porous 
rock. 

tits studied the effects of density variations on the fluid flows. Dore 3  has studied 

forcul osziliations in a viscous stratified fluid in whch the density and viscosity vary 
exPJaentially with vertical coordinate. Channabasapta ar.d Ranganna 2  studAd the 

flow .  of viscous stratifkd fluid past a permeable bed with the anticipation that strati- 
ft:ation may prov.de  a tech jcp.e for studying du; pore size in a porous nit d.um. Gupta 
and &Liana' studied the stratified viscous flow to investigate the effects of stratification 
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OR the mass flow rate in the channel formed by a moving impermeable plate and a 
permeable bcd. 

Flow through porous media depends heavily upon Darcy's law. It is valid littl er  
certain limitations. It has been shown that it can be possibly valid in a certain see- 
page velocity-domain, outside which more general flow equation must be us( d to des- 
cribe the flow correctly. The porous medium is, in fact, a non-homoge mous med tin 
but for the sake of analysis, it may be possible to replace it with a homoge nous fluid 
which has dynamical properties eqttal to those of non-homoge mous continut.m. Th rs , 
one can study tho flow of a 1lYPoth tical homoge mous fluid undo r the action of the 
properly overawe' external forces. Thus, a complicatt d problt m of the flow through a 
porous medium reduces to the flow problem of a homoge ncous fluid with some resis- 
tance. Recently, Ahmadi and Manvil derived a general equation of flow through 
porous medium and applied the results obtained to some basic flow problems. 

The aim of this paper is to study the fluctuating flow of viscous incompressible fluid 
of variable density and viscosity through a porous mt dium between two parallel imper- 
meable plates, the lower one fluctuating in time about a constant mean and the upper 
one moving w;th a constant velocity. We have calculate d the skin friction at both the 
plates and hive shown graph:.cally the cfri,cts of permeability of porous me dium, ar.d 
the stratification parameter upon the velocity field and upon the amplitudes and the 
phase leads of the fluctuating parts of the skin frictions. 

2. Mathematical analysis 

Let us consider the flow of a viscous incompressible fluid in which density and visco- 
sity vary exponentially with vertical coordinate, through a porous medium between 
two parallel infinite plates with a breadth h. Let x-axis and y-axis be takrn along 
and perpendicular to the lower plate. Let p o  and po  be the viscosity and the de nsity of 
the fluid at the tower plate. Let b > 0 be the stratification parameter and k be the 

permeability of the porous medium. 

The pverning equations of motion describing the flow of viscous incompressible 
fluid through porous medium are : 

eu 	Jp 	J 	Ju) 	p 
P 	= 	 - ).t 	ey 	k 

u 
 

(1.2) 

along with the equation or continuity 

•-
)
- (pu)'= 0 , 

• 
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where 
	 • 

P = Po ear p = ;go es" and 

g is thu fluid velocity along x-axis. 

The boundary conditions are 

U = U0  COS nt at y =0 
u = U. 	at y = kJ 

whe re uo  is the mean velocity and n is the frequency of fluctuations. 

Let us introduce non-dimensional quantities 

nh 
u * • X

*  2:2 
—
U y* int y 	

= 
X
-- 1* 	, a bh, k* = Ic

c2 
and n* = 

uo 	 h ' 	 0 

Equations (1 .1) to (1 .3), under these non-dimensional quantities and the constant 
pressure, give (after dropping stars) 

au e u 
(1 5) — 	 a ry  

The boundary conditions (1.4) reduce to 

u = cos nt = Re ebn at y = 01 	 (1 .6) 
u = 1 	 at y = 1 j 

Now putting (Stuart” 

u = f(y) + A (y) Re est 	 (1.7) 

.(wbere Re stands for the real part), in equation (1.5) and separating the harmonic 

and non-harmonic terms, we obtain 

 

1 Di fo  — aDfo  jc  =O (1.8) 

and 

D2  A — aDA _ Q +in)fi = 0 (1 -9) 

where 

. 	 r 11'1 .... 
o' • t  t• it iNt , . 1 r 	. •, cffr  

• . 	 .4%..Th  .6  At. 

63/4 
- 

• 

•  r 	• .  : I 	• 	• 
JO 
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• d  
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Th: correspaad:ng boundary cond:tions are: 

fo  = 0, = 1 at y = 01 
fo  = 1, A = 0 at y = (1 . 10) 

Isl)w solving (1.8) and (1.9) under (1.10), then substituting for fo  and fi  in (1,7) and  
cq.zating Oil: real part, tit.: vclocity fikld is obtaira as 

U = e-su-on cosech ao  sinh ay (Mr cos in M i sin nt) 

where 

FA 	PA Aef, = a, as  a2a4 , M4 us alas  + ai a4  

10L 
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FIG. 2 
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Pn. 3 

and 

2a0 = 02 + 4/k)"2 

2a1  = 	e-41 2  sinh h, cos h 1gsinh 2  h., cos ' h2 + COS h2  h1 sin 2  h2) 

2a2  =-- ea/ cosh hi  sin h a/(sinh 2  h1  cos t  h2 COSh2  h1 sin 2  ha 

a3 = 	2 sirth(I —y) h i  cos (1 — 	hi 

a 4 	— 2ew-4- 01 / coch — hi  Sin 0 	h2 

= [(a2  + 411c) (02  + 41102 ± I 6n2p/2p/ 2/2 ow 2 

h:  = [ — (a2  + 4/10 + *12  4/10 2  -I- 6n 2P 2P/ 2/2 (2) 1/ 2 , 
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The non-dimensional skin-friction at the lower plate is 

)U 
" 1 0 - = at, ere cosrch at, + 1 B0 1 cos (nt + O) 

))* 

where 

130I = (B:r + M4) 1/2, go =is_ tansi Bei 
Boy  ' 

Bo, = 	[al  Phi  cosh h1  co h2  — 2h 2  sinh. h1  in 1i 2  — a sinh h, cos h2) 

a2{ 2/1/2 sinh h, sin h 2  + 2h2  cosh h, cot; h2  — a cosh h, sin Fiji 

130 , = en [a, (2h1 sinh h, sin h 2  2h2  cosh In cos h 2  — a cosh h, sin h2) 

+ a2  Ohl  cosh hi  cos 	2h2  sinh hi  sin h2  — a sinh hi  cos NH. 
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The non-dimensional skin friction at the uppLr plate is 

au 	 a 
= 	s (au  coth a + 111  cort(nt + A, 

0Y mei 

where 

B1  = (Bit, + Bf,!", 	= tan - ' 	. 

A, = e" {a,h, 	B„ 	ja1 h 2. ± a2/0 

2. 1. Particular cases 
	 • 

t 	Put a a If we 	
• 

0, the results for homogeneous fluid are immediately obtained. If k 

he Ltsults reduce tc those of flow in an ordinary medium (of full porosity, i.e. = 
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3. Discussion 

In ords:r to study the effects of thi, permrability (k) of the porous mrdium and the 
;t -atab,ation parameter (a) on the velo:ity d'stribution, we have plotti d the velocity 
(u) against y for n = 1. In fig,. I. and 2, the velocity is plottt d at nt = 0 and at nt =-- 
n/2 respectively. We observe tint at nt =lc 0, the velocity is maximum /Isar the plates 
and is m'aimurn in the central plane of the channel (fig. 1), but at nt = it/2, the .vclo- 

city is minimum near the lower plate ar.d increases sharply as y increases, making it 
maximum near the upper plate (fig. 2). It is also evict, nt that for the same value of 
it!, tir increat:e in k lead. to an acceleratt d flow everywirre but the variation in the 

.stratThation paramiler (a) lead; to dfferent effects at nt = 0 and nt = n12. Dile to 
fly: increase in a, tit flow is seen xi-exit:sat d in the lower region and di celerat• d in the 
upper Taejon at rti 0, but everywhore dccelerati d at nt = t12. The velocity close to 
Qv: plates is very less affected by the change in k or a. 
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In figs. 3 and 4, we have plotted the amplitudes I Bo I and I B, I of the fluctuations 
of the skin frictions at the lower and the upper plate respectively, against n. The amplitu de I Bo  I ( I B, I) is seen increasing sharply/decreasing very slowly with the 
increase 	Bo ( A I) is more for smaller/larger k and also for smaller/larger in n. 	I 	I 	1 
a. Thus the stratification decreases/increases and the porous medium increases/decreases 
the fluctuation of the skin friction at the lower/upper plate. 

Figures 5 and 6 show the effect of the permeability and the stratification on the phase 
leads tan 0,)  and tan 0 1  of the fluctuating parts ( 1 the skin frictions at the lower and 
the upper plate respectively. From fig. 5, it can be observed that an increase in k or 
in a or in n leads to an increase in tan 00 . From fig. 6, we observe that tan 0 1  &rases 
with the increase in k cr in n tut increases as a increases. 
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