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ABSTRACT

Unsteady flow of viscous stratified liquid in a channel with the porous bed has been studied in this paper. 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 studied the effects of the stratification factor(n) and porosity
factor(o) on the velocity profile of the flow generated by an oscillating pressure gradient. Here we have taken an
oscillating pressure gradient and applied Lighthill’s technique for obtaining the velocity profile of the flow.

KEYWORDS: Unsteady laminar flow, stratification factor, slip parameter, porosity factor, Navier Stokes
Equation, Darcy’s Law, Oscillating Pressure gradient, Lighthill’s technique.

1. INTRODUCTION

The study of the flow of the viscous fluid past a porous medium without stratification has been studied by Beavers
and Joseph (1), Beavers et al (2), and Rudraiah et al (1973). The study of stratified fluid is of great importance in
the field of the petroleum industry because the density in petroleum oil varies with temperature. Channabasappa
and Ranganna(3) considered the flow of viscous stratified fluid past a porous bed with the anticipation that
stratification may provide a technique for studying the pore size in a porous medium. In this paper, he has shown
that slip velocity is proportional to the pressure gradient. Gupta and Sharma(4) discussed the stratified viscous
flow of variable viscosity between a porous bed and moving impermeable plate. Hari Kishan and Sharma(5)
discussed the stratified viscous flow of variable viscosity between a porous bed and moving impermeable plate
under the action of a body force. Das, D.K. and Nandy, K.C.(7) discussed the unsteady laminar stratified flow
over a porous bed. Karmakar, S., Biswas, P.K. and Nandy, K.C.(8) discussed the stratified flow of viscous fluid
between a porous bed and an impermeable plate

In this paper, we have studied the effects of stratification factor (1) and porosity factor (o) on the flow of viscous
stratified fluid under the presence of an oscillating pressure gradient. We have studied the effects of  and o on
average velocity for small Reynolds number. We have also studied the effects of 7 and o on the velocity profile
for small Reynolds number.

2. THE MATHEMATICAL FORMULATION OF THE PROBLEM
The physical model of the problem shown in fig.1 consists of two zones. In zone-1, from the impermeable upper
oscillating plate up to the interface the flow is called the free flow governed by the usual Navier Stokes equations.
In the other zone below the interface, the flow is governed by the Darcy’s law.
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Impermeable plate
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The basic equations for zone-1 are

a ap, 9, d

p% _£+ E(”ﬁ) .............................................................. (1)
U=Uge By , P=p o€ Y e, (2)
ap_ _
ﬁ N (3)

Here u, =coefficient of viscosity
p o= Density at the interface y =0, [=The stratification factor

a .
ﬁz Pressure gradient.

In this problem, we have considered > 0 .
The basic equations for zone-2 are

Q=00e BY (4)
— _kop
Q o= Lax e 5)
The relevant boundary conditions are
u=u e “t aty=h for t>0 ..., (6)
a
%z%(u =0 o) aty=0  for t>0 ., (7)

Where a= Slip parameter, K= Permeability coefficient, = Q = Darcy Velocity

u g = Slip velocity at nomial surface y =0
Using the dimensionless quantities

r__u _ htr r_ X 0 _ Y 1 _ 14 ; _ U g ;1 _ U B
u_umt_umx_zy_zp_p Oufnu 0Ty V_um
equation(1) takes the form (Dropping all primes)
du  nou 19 3u ap
E-I-EE_E(?J/_Z:_e nya ................................................. (8)
The relevant boundary conditions become
u=u e Wt aty =1 forall t ..o 9)
ou R 0dp
&£=aa(V+ﬁ£) aty =0 forallt ... (10)
Here,

n= Nondimensional stratification factor, o =Porosity factor, R =Reynolds number
V =Dimensionless slip velocity at nomial surface, u ,, =Maximum velocity
Lighthill has investigated a new technique for solving the above equation by considering the velocity as the
sum of two parts, one time-dependent and another time-independent. As such we can write
u=u 1)+ 0)e O (11)
V=V 1(0)+AV L(0)e O (12)
Where, A= Constant
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where A is constant.
Using equations (11),(12) and (13) , equations (8) & (9) get the form

nou 1(y) 19 *u (y) nidu L)

) . iwt ke
R oy R oy +lu ,(y)iwe + R 3y e

T 167 B T ny, ot

R oy 2 © = Ae <2 P (14)
a a i ; R i

ua;(J/) +1 ua;(J’) e Wt — oafV. ,(0)+AV ,()e iwt _ - _Ae Lwt}
aty = 0 forallt (15)
Resolving equation (14) & (15) into time-dependent and time-independent parts we get,
. ﬂau 2(¥) _ ia 2y 20y) _ ny

u ,(y)iw + X 3y Ry 2 =Ae W (16)
a %u 1(y) ou 1(y) _

2 1o =0 a7
a AaR
%@)=aaV 2(y)—% aty=0forallt.............ooiiiiiii (18)
"’“a—;(” =0aV 1(y) at ¥ =060rallt. oovooroereeeeee oo, (19)
After using Lighthill’s technique, equation (9) takes the form
u (y)=0 aty = 1forallt (20)
M 0 =u o u ,u) =% at ylforall t ..., (1)

From equation (16) we can write
2 *u 2 ou 2(») ' "

65 22— ua;y —Ku ,(0)=-P ,e ™ Where, K'=iwR,P ==
After applying boundary conditions, the solution of the above equation will take the form
u ,(»)=e % (B e ™+B ,e ‘"y)+% e 2%y
Where,

-5 8
(a_n)(u 0e _P qe )_e _"(aUV _ARa_2P 16)

Kr o Kr
B . . B
1= 28Sinhn—2nCosh > L
-6 8§
u ge _P je . -n _ARa_ 2P 46
(6+n)<7)L %7 ) e (owV 2 i K )
2

26Sinhn—2nCoshn

Jn 244K
v TR and =2
2 2

The solution of the equation (17) will be
aoV 1(-e 28+e 267)
u ()=

Putting the value of u ;(y)andu ,(y) in equation (11) we get,
_aoV (e P+e 2%)

n=

P .
+/1{e % (B ;e ™+B e W)4+—~r e 20 }e it

u
25 K’
u=21 1+21 e 2+ (1 e Gy} e GV 4] e ) iwt
—aoV e 26 aoV AP
Where’ A 122—61’1 5 = > 1’1 3=AB 1,){ 4213 2,/1 5 = Kll

The real part of velocity u is
U =21 1+ e P4+ (d ze O] e CTIYV)Coswt
If u denotes the dimensionless average velocity, then

1 1
ng u Tdyzf A 1+2 e 241 ze MY 4) e @) Coswt}dy
0

0
/1 1+/’l 2(6 26_1)4_{/’{ 3(6 6+Tl_1)+l 4_(6 5—71_1)

E:

26 5+n 5—n }COS“”
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3. RESULTS AND DISCUSSION
The velocity profile of stratified viscous fluid in presence of oscillating pressure gradient for different values of
stratification factor(n) and porosity factor(o) are plotted in figures 2, 3, and 4. The average velocity of the fluid
for different values stratification factor (1) and porosity factor (o) are tabulated in tables 1 and 2. The figures(
Fig 2,3&4) show that for a fixed value of 1, the velocity profile increases with increase in height (y) from the
permeable surface. It is also seen from the figures that velocity is negative up to a certain height for increasing o.
This is the backflow of the fluid. If the value of o is increased, backflow increases. At a certain height from the
permeable surface, backflow disappears and above the height, velocity increases with height and attains a
maximum value at the upper permeable plate.

Velocity profile forn=0.2
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Figure - 2

velocity profile forn=0.4

b |
-0.1 G= - ]
Distance from interface of impermeable plate=y
-0.2 o
03

htytp: / www.ijesrt.com© International Journal of Engineering Sciences & Research Technology

[86]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.




& THOMSON REUTERS
' ISSN: 2277-9655
[Biswas et al., 10(1): January, 2021] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: 1JESS7

0 0.2 0.4 0.6 0.8 1 1.2
-0.1 =15 y-—

velocity (u)
o
\V
1
\

Distance from interface of permeable plate=y

Figure—4

The average velocities (1) of the flow generated by oscillating pressure gradient with respect to porosity factor(o)
for the various values of stratification factor (1) at time t=0 are shown in table -1.

Table - 1
Forn=0.2
o 5 10 15 20 25
u 0.190660 0.134260 0.07686 0.01992 -0.03748
Forn=0.4
o 5 10 15 20 25
u 0.183050 0.117770 0.052484 -0.012813 -0.078092
Forn=0.6
o 5 10 15 20 25
u 0.173856 0.098731 0.023604 -0.051614 -0.126638
For n=0.8
o 5 10 15 20 25
u 0.162790 0.076224 -0.017290 -0.096889 -0.183444

The average velocities (1) of the flow generated by the oscillating pressure gradient with respect to stratification
factor () for the various values of porosity factor(o) at time t=0 are shown in table-2.
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Table - 2
Foro=5
n 0.2 0.4 0.6 0.8
u 0.190660 0.183050 0.173856 0.162790

For =10
n 0.2 0.4 0.6 0.8
u 0.134260 0.117770 0.098731 0.076224
For =15

n 0.2 0.4 0.6 0.8

u 0.076860 0.052484 0.023604 -0.017290
For 0= 20

n 0.2 0.4 0.6 0.8

u 0.019920 -0.012813 -0.051614 -0.096889
For 0= 25

n 0.2 0.4 0.6 0.8

u -0.037480 -0.078092 -0.126638 -0.183444

Table - 1 shows that average velocity decreases as increase in porosity factor (o) for the fixed value of the
stratification factor (). Table - 2 shows that an increase in the stratification factor (1) leads to a decrease in
average velocity for a fixed value of the porosity factor (o). Hence stratification is not favorable to the average
velocity produced by the oscillating pressure gradient.
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