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Abstract

Poiseuille flow of a conducting Jeffrey fluid in a channel is investigated. The channel is bounded below by a finite
deformable porous layer and bounded above by a stationary plate. The governing equations are solved in the free
flow and porous flow regions. The expressions for the velocity field and solid displacement are obtained. The
effects of the Jeffrey parameter, magnetic field parameter, viscosity parameter, the volume fraction component of
the fluid on the flow velocity, displacement, mass flux and shear stress are discussed. It is found that the velocity
increases with the increase in the non-Newtonian Jeffrey parameter whereas the velocity decreases with the
increase in the magnetic field parameter.
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1. INTRODUCTION

Viscous flow through and past porous media has important applications in engineering and medicine. Most of
the research works in flow through porous media available deal with undeformable porous media. The work
on deformable porous media is very limited. The coupled phenomenon of fluid flow and deformation of porous
materials is a problem of prime importance in geomechanics and biomechanics. One application of interaction of
free flow and deformable porous media, for example, is the study of haemodynamic effect of the endothelial
glycocalyx.

Nomenclature

M, Apparent viscosity of the fluid in the

porous material.

K Drag coefficient.
M Lame constant.

M, Coefficient of viscosity.

q Fluid velocity in the free flow region in

X -direction.
u Displacement in x -direction.

¢'B Volume fraction of component /3 and
B =s, f for the binary mixture of solid and
fluid phases with @" + qu =1.
M , Mass flow rate in the deformable porous
layer.
M Mass flow rate in the non deformable

porous layer.

F' Fractional increase in mass flow rate.
v Velocity of the fluid in the deformable
ﬂ1 Jeffrey parameter. porous layer.

Go Typical pressure gradient.

O Viscous drag.
7] Viscosity parameter in porous layer.

M Magnetic field parameter.
&€ Porous layer thickness.

O Electrical conductivity
7, Shear stress.

M ; Total mass flux in the channel.

B, Magnetic field strength

The study of flow through deformable porous materials was initiated by Terzaghi [1] and later continued
by Biot [2,3,4] into a successful theory of soil consolidation and acoustic propagation. Atkin and Craine [5], Bowen
[6] and Bedford and Drumheller [7] made important contributions to the theory of mixtures. Mow et al. [8]
developed a similar theory for the study of biological tissue mechanics. Applying the theory proposed by Biot [2]
water transport in the artery wall is studied by Jayaraman [9]. The same theory was also applied by Mow et al.
[10], Holmes and Mow [11] for the study of rectilinear cartilages. All these works are concerned with Newtonian
fluid flow through deformable porous media. Hence an attempt is made to study the effect of deformable porous
layer on the classical Poiseuille flow of a Jeffrey fluid between two parallel plates.

Vajravelu et al [21] studied the influence of heat transfer on peristaltic transport of a Jeffrey fluid in a
vertical porous stratum. Hayat et al. [22] studied the boundary layer flow of a Jeffrey fluid with convective
boundary conditions. The effect of magnetic field on the peristaltic pumping of a Jeffrey fluid in an inclined
channel is analyzed by Krishna Kumari et al. [23]. Rudraiah et al. [24] analyzed the Hartmann flow over an
underormable permeable bed.

Motivated by these studies, MHD Poiseuille flow of a Jeffrey fluid between a deformable porous layer is
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investigated. The fluid velocity, the displacement of the solid matrix, the mass flux and its fractional increase are
obtained. The effects of various physical parameters on the flow quantities are discussed through graphs.

2. MATHEMATICAL FORMULATION

Consider a steady, fully developed Poiseuille flow through a channel with solid walls at y =—L and
y = h and deformable porous layer of thickness L attached to the lower wall as shown in Fig.1. The flow over
the deformable layer is bounded above by a stationary plate. The flow region between the plates is divided
into two regions. The flow region between the lower plate y =—L and the interface y =0is termed as

deformable porous layer whereas the flow region between the interface y = 0and the upper plate y =h
is designated as free flow region. The fluid velocity in the free flow region and the porous flow region are assumed
to be (q,0,0) and (v, 0,0)respectively. The displacement due to the deformation of the solid matrix is

__dp o . o :
taken as (u, 0, O) . A pressure gradient a— = G, is applied, producing an axially directed flow in the channel.
X

Further a uniform transverse magnetic field of strength Bo is applied perpendicular to the walls of channel.

In view of the assumptions mentioned above, the equations of motion in the deformable porous
layer and free flow region are [25,26].

0’ i
u§—¢GO+Kv=O, (1)
2u, v )

“——-¢'G,—Kv—0B,’v=0 ()
1+ 4 9y*

u @
ﬁa—?—rﬂ%q G, 3)

The boundary conditions are

at y=—=L:v=0,u=0

at y=0: q=¢f
dv
A haddl
¢/’l/‘"d ﬂady
d du
u e qg_H
dy ¢ dy
at y=h:q=0 €))

3. NON-DIMENSIONALIZATION OF THE FLOW QUANTITIES
It is convenient to introduce the following non-dimensional quantities.

h’G, h’G, ., hG, L . t
u, v=-— q=-— E=—, T=—
Hy Hy h hG,
In view of the above dimensionless quantities, the equations (1) — (3)' takes the following form
after the hats (A) are neglected.

y:hy_' u=—

fl—zf=—¢s—5v “
d2

E—(M)n[(ém w=¢'] ®)
fl ! M1+ 4)g=—(1+4) ©
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The parameter O is a measure of the viscous drag of the outside fluid relative to drag in the porous
medium. The parameter 77 is the ratio of the bulk fluid viscosity to the apparent fluid viscosity in the porous layer.

The boundary conditions are

aty=—€:v=0,u=0 (72)
aty=0: g=¢'v
dg__1 av
dy ng’ dy
dq 1 du
—= ——. (7b)
dy ¢ dy
at y=1:¢=0 (7¢)

4. SOLUTION OF THE PROBLEM
Equations (4) - (6) are coupled differential equations that can be solved by using the boundary conditions
(7). The solid displacement and fluid velocities in the free flow region and deformable porous layer are obtained

as:

y? B dcye’” B dce’’ 95y

u(y)=—-(1-¢")— - —+cey+ce 8

»=-(1-¢") 5 ? b2 St g TeYTé ®)

q(y)=cle”+cze‘”+# ©)
q,f

v(y)=cSeby +c4e_by+m (10)

where a = M \|(1+ A)) andb=\/((l+/11)5+ a)?] the constants ¢, ¢,, ¢;, ¢, C5 and ¢ found from the

boundary conditions, are

l1-e* ¢’ ’ b(1-e*“ b(1-e*“
1_( - )_;4—)2 ,A2= (77¢f )_a(1+82a)¢f’A3= (77¢f )+a(1+eza)¢f’
ae’ (1-¢&*¢ I _ 4 @
(;‘ {2 ) , 6 = (C3 +lci);a 1 s G =_(C1€2a +—e J,

Cs :(a(1_¢f)(c1 —c)+ 5(6377_04)j )

Cq :biz(qe_b‘g +c4eb£)+%2((l—¢f)+

Mass flow rate
(i) Mass flow rate with deformable porous layer

The dimensionless mass flow rate M, per unit width of the channel in the free flow region (0 <y< 1)

¢f§
5o )T

is given by

10
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1 ce' e —(c,-¢,)) 1
Md=fqdy=( 1 = L )+ > (11)
7 a M
(ii) Mass flow rate in absence of deformable porous layer
The fluid velocity g, for the MHD Poiseuille flow of a Jeffrey fluid between parallel plates ¥ =0and y =1 is

obtained on solving the equation (6) subject to the boundary conditions
at y=0:¢,=0
at y=1: q =0

It can be seen that ¢, = A"+ Be™ '+ —

l-e™ 1
whereAzz—,B =——2—A
M (e‘“ —e ) M
The dimensionless mass flow rate M per unit width of the channel in the free flow region (0 <y< 1)
is given by
! Ae’ —Be™“ — (¢, —c 1
Mr:jqrdy:( (@ 2))+ 5 (12)
a M

0

Let F denote the fractional increase in mass flow rate due to deformable porous layer and it is
defined by

p_oM, M,
M
d (13)
Mass Flux
Let M r denote the dimensionless mass flow rate per unit width of the channel is
M, =M +M, (14)
0 -be be f
C, —C c,e —c,e &
where M1=Ivdy= T e 0 - | and
°. b b o+M
1 a -a
ce —ce —l(¢—c 1
Mzzj‘qdyzl 2 (1 2)+ _.
a M

0
Shear stress

The shear stress in the free flow region in non dimensional form is given by

1 (d
r=—-| L
1+ A4\ dy
the shear stress at the wall interface at the boundary y = 0 is
a
Z-1:(1-) -0 (01_02)
Y 1+ 4,

(15)

5. RESULTS AND DISCUSSIONS
The solutions for the fluid velocities g , V in the free flow region and deformable porous layer and solid

displacement of solid matrix U are evaluated numerically for different values of physical parameters such as the

volume fraction of component ¢f , the viscous drag parameter 0, the viscosity parameter 7] and the thickness of

11
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lower wall €, magnetic field parameter M , Jeffrey parameter /11 .

The variation of fluid velocities ¢,V and solid displacement U in the channel is calculated for different

values of Jeffrey parameter /11 and is shown in figures 2, 3 and 4 for fixed o =2.0, 7=0.5, M=1 ,¢f '=0.5and

£=0.2.We observe that the velocities ¢, V and solid displacement increases with the increase Jeffrey parameter

The variation of fluid velocities ¢ , V and solid displacement 2 in the channel is calculated for different
values of magnetic field parameter M and is shown in figures 5, 6 and 7 for fixed o =2.0,17=0.5, ¢f =0.5,
ﬂ, =0.1and £=0.2.We observe that the velocities ¢, V and solid displacement decreases with the increase

magnetic field parameter M .
The variation of fluid velocities in the channel ¢ , V and solid displacement ¥ in the channel is calculated

for different values of volume fraction of component ¢f and is shown in figures 8, 9 and 10 for fixed 0 =2.0, n
=0.5,M =1 ,/11 =0.1 and £=0.2.We observe that the velocities ¢ , V increase with the increasing ¢f whereas

the solid displacement U decreases with the increase in ¢f .
The variation of fluid velocities in the channel ¢ , V is calculated for different values of viscosity

parameter 77 and is shown in figures 11, 12 and 13 for fixed O =2.0, ¢f =0.5M =1, ﬂl =0.land £=0.2. We
observe that the velocities ¢ and V increases with the increasing viscosity parameter 77 whereas the solid
displacement U decreases with the increase in7].

The variation of mass flow rate for M 4 With ¢f is calculated from equation (11) for different values of
Jeffrey Parameter /1, for fixed O =2.0, 1n7=0.5, M =1and £=0.2 also magnetic field parameter M for fixed o
=2.0,77=0.5, /11 =0.1,£=0.2 are shown in figures 14 and 15 We observe that the mass flow rate increases with

increase in the Jeffrey parameter. Further the effect of magnetic field is to reduce the mass flow rate and the rate
of reduction depends on the strength of the magnetic field, which is similar to the observation made by
Rudraiah et al.[24] for the Hartmann flow over a non-deformable permeable bed.

The variation of fractional increase /' with ¢‘f “is calculated from equation (13) and is shown in
figure 16 for fixed o =2.0, 7=0.5, £=0.2 and ﬂ.l = 0.1.We observe that the fractional increase decreases with
increasing magnetic field parameter M .

The variation of dimensionless mass flow rate per unit width of the channel M , with ¢f is calculated
from equation (14) and is shown in figure 17 for fixed 0 =2.0, 171=0.5, £€=0.2 and M =1 .We observe that

the mass flow rate increases with increasing Jeffrey parameter ﬂ1 .

The variation of dimensionless mass flow rate per unit width of the channel M , with ¢f is calculated
from equation (14) and is shown in figure 18 for fixed Jd =2.0, n=0.5, £€=0.2 and /?1 =0.1.We observe

that the mass flow rate decreases with increasing magnetic field parameter M .

The variation of shear stress 7, with ¢f is calculated from equation (15) and is shown in
figure 19 for fixed 0 =2,€=0.2, M =1and 17 = 0.5 .We observe that the shear stress at the wall interface
decreases with increasing Jeffrey parameter /11 .

The variation of shear stress 7, with ¢f is calculated from equation (15) and is shown in
figure 20 for fixed 0=2 ,€=0.2, ﬂ.‘ =(0.1and77 = 0.5 .We observe that the shear stress at the wall interface
decreases with increasing magnetic field parameter M.
6. CONCLUSIONS:

The present study deals with MHD Poiseuille flow of a Jeffrey fluid over a deformable porous layer. The results
are analyzed for different values of the pertinent parameters, namely, Jeffrey parameter, volume fraction

12



Chemical and Process Engineering Research www.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) oy

VoL38, 2015 3

component The findings of the problem find applications in understanding the blood (modelled as Jeffrey fluid)
flow behavior near the tissue layer (modelled as a deformable porous layer). Some of the interesting findings are
as follows:

1. The effect of increase in the volume fraction component ¢f is to enhance the fluid velocity between the

parallel plates.

2. The effect of magnetic field is to reduce the fluid velocity in the free flow region whereas in the
deformable porous layer, both the fluid velocity and solid displacement decreases with increasing
magnetic field.

3. The flux in the free flow region increases with an increase in the Jeffrey parameter. Also opposite behavior
is noticed in case of magnetic field.

4. The total mass flow rate per unit width of the channel increases with an increase in the Jeffrey parameter.
Also opposite behavior is noticed in case of magnetic field.

5. The effect of increase in the magnetic field parameter and Jeffrey parameter is to reduce the shear stress

at the boundary wall y = 0.
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Figure 17 Variation total mass flow rate M, with ¢f for different values of ﬂ1 .

22



Chemical and Process Engineering Research
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online)

Vol.38, 2015

[ HT]

ISt

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03
0.

-

Figure 18 Variation total mass flow rate M, with ¢f “for different values of M .
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