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ABSTRACT

The effect of thickness of porous lining on the Couette flow of a Jeffrey fluid in a parallel plate channd is
investigated. The channel is inclined at an angle ¢ with the horizontal. The flow in the free flow region is
governed by Jeffrey model whereas the flow in the porous region is described by Darcy law. The velocity field and
the temperature distribution are obtained. The results are depicted graphically and discussed for various physical
parameters.
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INTRODUCTION

Convection in the presence of internal heat sdwitk has several applications in fields of gewitsl science,
safety engineering, nuclear science, chemical erging, heat exchangers, petroleum reservoir etsada Rao
and Krishna [1] made an analysis on the free anzktbconvective flow of a viscous conducting flinda rotating
channel maintained at constant temperature gradleng the walls. Alam et al. [2] discussed the atioal study
of the combined free-forced convection and masssfea flow past a vertical porous plate in a pormedium with
heat generation and thermal diffusion. Rafael Qlof8 investigated the internal heat generatiord aadiation
effects on a certain free convection flow. Singlalg#] studied the effect of volumetric heat sairsink on mixed
convection stagnation point flow on an isothermettical plate in porous media. Sreenadh et aldgscribed the
free convection flow of Jeffrey fluid through a tieal deformable porous stratum.

The study of porous flow is very useful in effeetitapping of ground water which in turn solveswater scarcity
problems in drought areas. The biologists are ésted in water movement through plants which cosepaf
porous material. Channabasappa et al. [6] investiganalytically the effect of the thickness of fo¥ous material
on the parallel plate channel flow when the walls provided with non- erodible porous lining. Rapi7] has
studied the flow of a micropolar fluid through arpes medium, taking angular velocity into account.
Kumaraswamy Naidu et al. [8] investigated the dffafcthe thickness of the porous material on thealpel plate
channel flow of Jeffrey fluid when the walls ar@yided with non-erodible porous lining.

The flow of non-Newtonian fluids is widely observéd industry and physiology. Most of the theoratic
investigations have been carried out by assumiaghtood and most of the physiological fluids behéike non-

Newtonian fluids. Nadeem et al. [S{udied the effect of Jeffrey fluid with variablessosity in the form of a well
known Reynolds model of viscosity in an asymmeti@nnel. Srinivas et a[10] investigated the peristaltic
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transport of a Jeffrey fluid under the effect dpsh an inclined asymmetric channel. Akbar et[all] studied
Jeffery fluid model for blood flow through a tapédrartery with a stenosis by assuming blood as eeffiuid.
Mekheimer et al. [12] studied the equations for tlve dimensional incompressible fluid flow of areerically
conducting Jeffrey fluid. Lie group analysis wasfpemed and group invariant solutions were obtairidte effects

of Jeffrey fluid parame'[erss/]1 and /]2 were noted. Hayat et al. [18pscribed the mixed convection stagnation
point flow and heat transfer of a Jeffrey fluid &rg a stretching surface.

The object of this paper is to develop a theorktiwadel for analyzing the effect of porous lininfjom Couette flow
of a Jeffery fluid in a parallel plate channel witbat transfer, when one of the parallel wallsrs/gled with porous
lining. The influence of the non dimensional partene representing the thickness of the porous medio the
velocity field in the channel and the temperatuas been studied. The results are discussed favugaphysical
parameters.

Nomenclature
U velocity of the fluid

/]1 Jeffrey parameter

pressure gradient

(@3R3
X |©

viscosity
Darcy velocity

permeability of the porous medium
density

-

Grashof number
acceleration due to gravity

distance between porous layers
angle of the inclination of the channel to tiogizontal
temperatures of the lower plate

temperatures of the upper plate

the volumetric expansion coefficient
slip parameter

permeability parameter

heat source parameter

WA A AST OO

Z
c

Nusselt number

2. Mathematical Formulation of the Problem
Consider the Couette flow in an inclined channeémetthe lower end of the plate is lined with pormaterial (see

Fig.1). The lower plate is at rest, whereas thesuppe moves with a constant velodiy. Let the inclination of the
channel with horizontal bg . Let h be the width of the free flow region above the psronedium and be the

width of the porous lining. The temperature at loywerous layer isTO whereas the temperature of the moving

upper plate ig_l. Let the X -axis (the flow direction) be taken midway betweha porous interface and upper
plate of the channel.
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Fig.1. Physical model
The governing equations for the flow are
Su_
ox
u \d?u o
-G+ T-T,)sing=0
(1”1} a2 PYB(T ~Ty)sing
d’T
o TP
3)
where G :@
0x
The Darcy velocity is
0= —K(1+A) op
M OX
The boundary conditions of the problem are
u=y, a y=4
®)
du_ «a
—=—uat y=-2
dy vk ’
— —_h
T=T, a y=-3
- —h
T=T, a y=;
The non-dimensional quantities are given by
2 _
u*:i, X*:é ”:X, p = P ,Gr:’BgToh T T TO,
U h h (uu h) Uv T,
h Q,h? G
=—, V:E, 181: 0 ,Q:Q’G -
Jk P KT, U mJ

Substituting (9) into equations (1)-(8), and fanplicity dropping the asterisks, we get
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ou

—=0 10

I (10)

d®u o

d_/72 -G(1+A)+Gr(A+A)T sing= C (11)

d’T

a? +5,=0 (12)

The Darcy velocity is given by

Q:_G(1+2/11) (13)
g

u=y, a n=; (14)

du

—=aqou a n=-; (15)

T=0 a 7=-3 (16)

T=m-1 a 7n=3
17)

3. Solution of the problem

Solving equation (12) subject to the boundary ctoows (16) and (17), we get the temperature digtigin as

)
T:—’Bé” +A7+B

Solving (11) subject to the conditions (14) and)(1&e get the velocity distribution in the form

_ n’ Bn’
U=G@A+A)—+Gr(1+A L
(1+4) 5 ( 1)[ oa

4, Rate of Heat Transfer

_ AI73 B,72

6

2

The rate of heat transfer at the wall= 1is given by

Nu:—(a_T] =131—A
6,7 /7:1

} sing+Cn +D

Table1: Rateof heat transfer NU at ) =1 for different values of heat source parameter ﬁl

95

45

Nu | 0.15| 025/ 0.35 045 055 065 0.5 085 0
,81 0.65| 0.75| 0.85 09% 105 1.15 125 185 1
where,
T, B, m-1 B A B -
m:—l,A:m—l, B=2+——, =, =G(1+ ) Sing,
T 8 2 A 384 48 8 Az /11 AL

0
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%:G(l-l_Al)’ A, = _:81_A+E’ Aszi"-A_E G(1+/]1)(a0-+4)’
8 48 8 2 384 48 8 8

_ — A i _ao _ATA ) _,90
A =G ANGOA-AISIY, 5 =0 01 A=A g, 100

LA =

“A+A+A D=%"A1 c_A*A+aoD
A =ATATA, A A

RESULTSAND DISCUSSION

The numerical values of velocity are computed freqiation (11) and are depicted in Figures 2 torSléev in a
channel with one side porous lining. We obsereefiFig. 2 that the velocity decreases with thedase in the

permeability parametd? . From Fig. 3 we observe that the velocity increasdth the increase in the Jeffrey
paramete/]l. From Fig.4 we observe that the velocity decreasiéls the increase slip paramef@r. From Fig.5

we observe that the velocity decreases with theease in Grashof numberr .

The numerical values of the temperature are cordpfuten equation (12) and are depicted in Fig. 6e d¥serve

that the temperature increases with the increaseiheat source parameﬁr.

The Nusselt numbelNU at the wall7 =1 is computed from equation (20) for different valugf heat source
parameter,@ and is presented in Tablel. It is observed tratihsselt numbelNU increases with increasing heat
source paramet&.
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Fig.2 Velocity distribution for various values of o for fixed

A =0.5,0 =0.1p =0.15, m=1, G=-1, Gr=0.5, %1,
B,=0.1

Fig.3 Velocity distribution for various values of /]1 for fixed

0=10,a =0.1¢ =0.15, m=1, G=-1, Gr=0.5,%
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Fig.4 Velocity distribution for various values of Q or fixed Fig.5 Velocity distribution for various values of Gr for fixed
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Fig.6 Velocity distribution for various values of ﬂ for fixed
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