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The flow of viscous stratified fluid in a channel with the
porous bed has been studied in this article. To study the
effects of the stratification factor and slip parameter on the
flow,we divide the entire flow region into two zones.
Zone-1 relates to the region between the impermeable
upper plate and the lower one being the porous bed where
the flow is governed by Navier Stokes equations. Zone-2 is
the porous region where the flow is governed by the
modified Darcy’s law. In this paper, we have investigated
the effects of the stratification factor (n) and porosity factor
(o) on the velocity profile of the flow producedby pressure
gradient. In this article we have applied Lighthill's
technique for obtaining the velocity profile of the stratified
viscous flow.
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%TRODUCTION

he study of the flow of the viscous fluid past aqus medium without stratification

has been studied by Beavers and Joseph [1], Beavalf?], and Rudraialet al (1973). The
study of stratified fluid is of great importancetime field of the petroleum industry because
the density in petroleum oil varies with temperatuChannabasappa and Ranganna[3]
considered the flow of viscous stratified fluid pasporous bed with the anticipation that
stratification may provide a technique for studythg pore size in a porous medium. In this
paper, he has shown that slip velocity is propoglao the pressure gradient. Gupta and
Sharmal4] discussed the stratified viscous flowaffiable viscosity between a porous bed
and moving impermeable plate. Hari Kishan and ShdiBh discussed the stratified viscous
flow of variable viscosity between a porous bed amaving impermeable plate under the
action of a body force. Das, D. and Nandy, K. [G]deed the motion under gravity of a
viscous fluid through a pipe. Das, D.K. and NandyC. [8] discussed the unsteady laminar
stratified flow over a porous bed. Karmakar, Ssvigis, P.K. and Nandy, K.C. [9] discussed
the stratified flow of viscous fluid between a pasobed and an impermeable plate.
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Biswas[10] et.al studied the stratified fluid ofriedble viscosity past a porous bed under the
action of pressure gradient.

In this note, we have studied the effects of dtcation factor §) and porosity factora()
on the flow of viscous stratified fluid under theepence of an oscillating pressure gradient.
We have studied the effects pfando on average velocity for small Reynolds number. We
have also studied the effectsiondo on the velocity profile for small Reynolds number.

7]'[E MATHEMATICAL FORMULATION OF THE PROBLEM

he study the problem, we divide the entire flowioa into two zones which are

shown in fig.1. In zone-1, from the impermeable emppscillating plate up to the interface, the
flow is called the free flow which is governed thetusual Navier Stokes equations. In the
other zone below the interface, the flow is govdrhg the Darcy’s law.

Fig. 1
The basic equations for zone-1 are

du dp 0/ Ou
,DE=—$+@<ME) (D
pw=poe? ,  p=pe P’ - (2)
dp
9y~ 9P - (3)
The basic equations for zone-2 are
Q=Qoe” - ()
K dp
Qo = e . (5)
The relevant boundary conditions are
u=uje!®t aty=h fort>0 .. (6)
du a
(ug—Qy) at y=0 for t>0 . (7)

VK
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Using the dimensionless quantities

, u Rt x oy, p ., U, U
T T TR TR T o T T
equation (1) takes the form (Dropping all primes)
ou nou 10%u op
— - ————==—" = .. (8)
ot Rdy Ray? dox
The relevant boundary conditions become
u=uye“ at y=1 forallt .. (9)
Ju R Op
and @ = o« (V + ;a) at y=0 forallt ..(10)

Light hill has investigated a new technique foveay the above equation by considering
the velocity as the sum of two parts, one time-ddpet and another time-independent. As
such we can write

u = uy (y) + Auy(y)eet . (11)
V =V,(y) + AW, (y)eit ..(12)

whereA/ is constant
Taking - Z_Z = Ae'®t ..(13)
whereA is constant.

Using equations (11), (12) and (13), equation®{(8)) get the form
laul(Y) 162u1(}’) u,(y) i 20%uy (y) piot

) A
+ Auy (Y)iw e'¥t + nz

R dy "R dy? R 0y R 0dy?
= Ae"elwt ..(14)
aul(y) auZ(y) iwt iwt R iwt
3y +1 3y et = oa {Vl(y) + AV, (y)et®t — ?Ae } aty
=0 forallt ...(15)
Resolving equation (14) & (15) into time-depertdamd time-independent parts we get,
L M) APu0) _
Au, (Y)iow + R oy T Ae ..(16)
w ()  ow(y)
- =0 .. (17
oz 1y 17)
duz(y) _ _ Aar _
oy = oaV,(y) . Ay = 0 forallt ..(18)
du
% =oaV;(y) at y=0 forallt ..(19)
After using Lighthill's technique, equation (9) &gkthe form
u(y) =0 aty=1 forallt ..(20)
u
u,(y) = 70 at y=1 forallt ..(21)

From equation (16) we can write
*u(y) 9w ()
ay? 1 dy
After applying boundary conditions, the solutiortté above equation is

—iwRu,(y) = Te”y
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5 —n) (uoe n iAe ) e (aaVz _ARa n 12A5)

_ 6y wl ol wA ny
w()=e 26 sinhn — 2n coshn ¢
uge™® ide®\ __ARa | 245
(5+n)( + wl) e (G{O'VZ o1 T wﬂ')e—ny
26 sinhn — 2ncoshn
iA 26y
wl ¢
where 2n=,n?+4+4K', K =iwR and 2§=n
The solution of the equation (17) will be
o) = aaVl(—ew + 6253’)
ul y - 26
Using the value of; (y)andu,(y) in equation (11) we get,
3 acV,(—e?® + e2%)
w= 25
5 5- s, iAe’
{(6 —n)e®ty — (§ + n)e®-mr} (uoe += )
+ 26 sinhn — 2ncoshn
ARa | i2A68
_ Aty rent (6+n)y _ p(6-n)y .
~ e” (aa/WZ -t )(e e ) ~ ﬂezay ot
26 sinhn — 2ncoshn
.. (22)

The real part of velocity is
aaVl( e25 +e2%)

{(6 - n)e(5+")y — (B +n)el® M ye s —em (aaﬂVz - A—)( (G+n)y _ (6= ")y)
t
28 sinhn — 2ncoshn cos@
T{(cg_n)e(ﬁﬂl)y — (6 +n)el®=mY} 2A5€ e A I .
28 sinhn —2n coshn © sm@
If w denotes the dimensionless average velocity, then
1
u =f u, dy
__ adly 025 4 adVy 25
T=g e (o)
[(6—11) ed*t — 1) — (6 + n)2(ed " = 1) }uge % — e ™ (aoAV, —w]
0 2 |
5§ —n)edtn — (5 +n)ed "+ 2
+ {( n)e ( ne n} cos wt

(62 —n?)(26 sinhn — 2n coshn)
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G —n)(efm - 1) }
—(+n)(ed™-1)

[Aea{(c? -n)?(e¥m—1) - (6 +n)?(ef - 1)} - 2A6e‘"{

| w(6% —n?)(26 sinhn — 2n coshn)

|

A

50 (e?d - 1)] sin wt

ZESULTS AND DISCUSSION

he average velocities and the velocity profilessirewn in tables and figures below.
In table-1, the average velocitieg) (of the flow generated by oscillating pressuredgrat
with respect to porosity factop) for the various values of stratification factey) @t time
t = 0 are displayed. It shows that average velabityreases as increase in porosity factor (
for the fixed value of the stratification factay)(

The average velocitiesi) of the flow generated by the oscillating pressynadient with
respect to stratification facton) for the various values of porosity facter) @t timet = 0 are
shown in table-2. It shows that an increase irsthatification factor) leads to a decrease in
average velocity for a fixed value of the porosiactor ). Hence stratification is not
favorable to the average velocity produced by t#hallating pressure gradient.

Table 1
Forn =0.2
o 5 10 15 20 25
u 0.190660 0.134260 0.07686 0.01992 —0.037¢8
Forn =04
o 5 10 15 20 25
u 0.183050 0.117770 0.052484 —0.012813 —0.078Q92
Forn=0.6
o 5 10 15 20 25
u 0.173856 0.098731 0.023604 —0.051614 —0.126638
Forn =0.8
o 5 10 15 20 25
u 0.162790 0.076224 —0.017290 - 0.0968£|$9 —0.183444
Table — 2
Foro=5
0.2 0.4 0.6 0.8
u 0.190660 0.183050 0.173856 0.162790




An International PeeReviewed Journal of Physical Scie

Acta Ciencia Indica, Vol. XLVIM, No. 1 to 4 (2022) 44
Foro =10

n 0.2 0.4 0.6 0.8

u 0.134260 0.117770 0.098731 0.076224
Foro =15

0.2 0.4 0.6 0.8

u 0.076860 0.052484 0.023604 | -0.017290
Foro =20

n 0.2 0.4 0.6 0.8

u 0.019920 —0.012813 —0.051614 -0.096889
Foro =25

n 0.2 0.4 0.6 0.8

u —0.037480 —0.078092 —0.126638 -0.183444

The velocity profile of stratifiewviscous fluid in presence of oscillating pressuradgent
for different values of stratification factcn) and porosity factora) are plotted in figures @
3, 4 and 5The figures (Fig : 3, 4 & 5) show that for a fixed value 9f the velocity prolle
increases with increase in height (y) from the mabbe surface. It is also seen from
figures that velocity is negative up to a certagight for increasin. This is the backflow ¢
the fluid. If the value olo is increased, backflow increasest a certain height from tF
permeable surface, backflow disappears and ab@védlyht, velocity increases with hei
and attains a maximum value at the upper permegde

Fig. 2
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Fig. 3

Fig. 4
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Fig. 5
%MENCLATURE
Uo Coefficient of viscosity po Density at the interfacg= 0
B Sratification facto, f > 0 Z—Z Pressure gradient
a  Slip paramete K Permeability coefficient
Q Darcy Velocity ug  Slip velocity at nominasurfacey = 0
n  Nondimensional stratification factc ~ Porosity factor
R Reynolds numbe
V'  Dimensionless slip velocity at nomial surf

u,, Maximum velocit)
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