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Abstract: The flow of a stratified Jeffrey fluid in an inclined channel bounded by two permeable layers is
investigated. The flow between the permeable layers is governed by Navier-Stokes equations. The flow in the
porous medium is governed by Darcy law. Expressions for the velocity distribution, mass flow rate, fractional
increases and the temperature distribution are obtained and the results are discussed. It is found that there is
an increase in mass flux of a Jeffrey fluid when compared with a Newtonian fluid.
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INTRODUCTION proposed. Among several non-Newtonian fluid models

Stratified non-Newtonian flows are widely simplest non-Newtonian fluid models accepted by the
encountered in various natural phenomena as well as in researchers. Jeffrey fluid model characterizes the linear
different fields of engineering, such as semiconductors, viscoelastic properties of fluids which has wide spread
petroleum and plastics industries. Cheng [1] examined the applications in the polymer industries. Hayat et al. [6]
combined heat and mass transfer effect in natural analyzed the peristaltic transport of a compressible Jeffrey
convection flow from a vertical wavy surface in a power- fluid in a circular tube. Kothandapani and Srinivas [7]
law fluid saturated porous medium. Both thermal and mass studied the effect of magnetic field on the peristaltic
stratification effects were present. Srinivasacharya and transport of a Jeffrey fluid in an asymmetric channel.
Reddy [2] discussed the effect of double stratification in Nadeem and Akbar [8] studied the peristaltic flow of an
mixed convection flow of micropolar fluid. Effect of double incompressible Jeffrey fluid with variable viscosity in an
stratification on MHD free convection flow of micropolar asymmetric channel. Pandey and Tripathi [9] discussed
fluid is investigated by Srinivasacharya and Upendar [3]. the peristaltic transport of a Jeffrey fluid in a circular tube
Non-Darcy mixed convection flow in a doubly stratified as well as in a channel. Kavitha et al. [10] presented the
medium under Soret and Dufour effects is studied by peristaltic transport of a Jeffrey fluid in a porous channel
Srinivasacharya and Surender [4]. Srinivasacharya and with suction and injection. Many studies have been
Surender [5] addressed the effect of double stratification carried out for the peristaltic transport of a Jeffrey fluid
on mixed convection boundary layer flow of a nanofluid [11–15]. Sreenadh and Reddappa [16] discussed Couette
past a vertical plate in porous medium. flow of a Jeffrey fluid in a rotating channel.

Analysis of non-Newtonian fluids is still a topic of Flows through a porous medium have several
great interest. Scientists have stimulated in this field of practical applications present in natural flow in sand beds,
research due to numerous applications of non-Newtonian petroleum reservoir rocks, slurries, sedimentation and so
fluids in pharmaceuticals, physiology, fiber technology, on. In view of this, flow through porous medium has been
food products, coating of wires, crystal growth etc. studied by a number of workers employing Darcy’s law or
Characteristics of non-Newtonian fluids cannot be non Darcy’s law. Saravan et al. [17] analyzed the effect of
described by a single constitutive relationship. Hence Soret parameter on the set of double diffusive convection
various models of non-Newtonian fluids have been on  Darcy  porous  medium  saturated  with  couple  stress

proposed for biofluids, Jeffrey model is one of the
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fluid. Dufour and Soret effects on mixed convection flow Mathematical Analysis: We consider the flow of a
past a vertical porous flat plate with variable Suction is stratified Jeffrey fluid through of variable viscosity
presented by Alam and Rahman [18]. Influence of a between two inclined porous beds (see Fig. 1). The flow
magnetic field on heat and mass transfer by natural is possible because of the imbalance between pressure
convection from vertical surfaces in a porous media and buoyancy force when the Grashof number is not
considering Soret and Dufour effects is studied by equal to zero. Let the inclination of the channel to the
Postelnicu [19]. Dufour and Soret effects on unsteady horizontal be , the distance between the porous layers
MHD free convection and mass transfer flow past a is  taken as h, The temperatures of the lower and the
vertical porous plate in a porous medium is investigated upper beds are respectively T  + T/2 and T  – T/ . Let
by Alam et al. [20]. Alam and Rahman [21] studied Dufour the x-axis (the flow direction) be taken midway between
and Soret effects on MHD free convective heat and mass the beds and z-axis be taken perpendicular to the beds.
transfer flow past a vertical flat plate embedded in a
porous medium. Afsar Khan et al. [22] investigated the
peristaltic flow of Jeffery fluid with variable viscosity
through porous medium in an asymmetric channel.
Reddappa et al. [23] studied the Poiseuille Flow of
Conducting Jeffrey Fluid between Parallel Plates when
one of the Walls is Provided with Porous Lining.
Reddappa et al. [24] investigated the Convective Couette
flow of a Jeffrey fluid in an inclined channel when the
walls are provided with porous lining.

Much attention has not been given to the convection
flow and heat transfer in a fluid superposed porous
medium with inclined geometry even though the study is
useful in many areas especially in geophysical systems. Fig. 1: Physical Model
Malashetty et al. [25] studied the fully developed
convective flow and heat transfer in an inclined channel The following assumptions are made in the analysis
bounded by two rigid plates, containing porous layer of the problem:
saturated with a fluid and a clear viscous fluid layer using
the Darcy–Brinkman equation model. Hooman and The flow is steady and Grashof number is small.
Gurgency [26] numerically investigated the forced The flow is in x -direction and the velocity
convection with viscous dissipation in a parallel-plate component u is a function of z and .
channel filled by a saturated porous medium. He examined The heat transfer takes place by conduction and
the effect of various viscous dissipation models on the hence  the temperature is linear in z.
thermal aspects. It shows that, the three models lead to The pressure is a function of x and z only and the
similar Nusselt number values when Darcy number is low, pressure gradient in x -direction is constant.
however, for high Darcy number values only the model of The viscosity and density decay exponentially with
Al-Hadhrami et al. [27] claimed to be valid. Hooman et al. z. i.e., 
[28] numerically investigated the entropy generation due
to forced convection in a parallel plate channel filled by a Using the following non-dimensional quantities.
saturated porous medium. It was observed that the
increase in the medium aspect ratio provokes an increase
of the irreversibility degree in the studied system.

The object of this paper is to develop a theoretical
model  for analyze the flow of a stratified Jeffrey fluid in
an inclined channel bounded by two permeable layers.
The velocity field and the temperature distributions are
obtained. The effects of various physical parameters on
the  velocity  and  temperature  are discussed in detail. The governing equations and boundary conditions
The results are discussed for various physical parameters. becomes (neglecting asterisks).
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(1)

(2) (12)

(3)

(4)

(5) The slip velocities at the upper and lower beds are

where, .

The Darcy’s laws in non-dimensional form becomes
for lower and upper beds become;

(6)

(7) (14)

The boundary conditions in non-dimensional form The pressure distribution is given by;
are;

(8)

(9) unit width of the channel bounded by two inclined

p = 0 at x = 0, z = 0 (10)

Solution of Problem: On solving Eqs. (5) and (3) and
using the boundary conditions (8) and (9) we obtain the
temperature distribution and velocity field are; Letting  in (16), we obtain the mass flow rate per

T – T  = – z (11) given by;0

where,

given by;

(13)

(15)

Mass Flow Rate: The dimensionless mass flow rate per

permeable beds is given by;

(16)

unit width of the channel bounded by rigid walls. It is
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(17) region. The back flow is found in the upper of the

where, When  0, the results obtained  reduce to

convection in a stratified flow in an inclined porous

Fractional Increase: The fractional increase in mass flow situation is being reversed in the upper half of the
rate through the inclined porous channel over the inclined channel.
flow with rigid walls is; The  numerical  values  of  mass  flux M and

equations (16), (17), (20) and (21) for different values of

(18) the increase in Jeffrey parameter . The mass flux is more

Skin Friction: We calculate the magnitude value of skin compared with Newtonian fluid. Also it is observed that
friction as; magnitude of skin friction increases with increase in  at

(19) and magnitude of skin friction | | for different values of

(20) case of impermeable walls when compared with permeable

magnitude of skin friction decreases with the increase in

(21) the case of impermeable walls when compared with

RESULTS AND DISCUSSIONS observed at upper bed.

Equation  (12)  gives  the  expression  for  velocity permeability parameter  for various values of P. For fixed
field  in  terms  of z. In Figs. 2–4, the velocity distribution P, F decreases with the increase in . The fractional
in the inclined channel is plotted to study the effects of increase rises with the increase in P. As P increases, the
the physical parameters (such as the pressure gradient P, gap between these F curves narrows down. This shows
the permeability parameter , the Jeffrey parameter  and that for higher pressures, the variation mass flow rate with1

the inclination angle ). Figure 2 is drawn to study the respect  to  pressure  gradient  is  not much significant.
effect of P and  on the velocity. For fixed , velocity The numerical value of temperature profile is computed
increases with the increase in P. For fixed P, the velocity from equation (11) and is depicted in Figure 6. We noticed
increases in the bottom region of the channel, with the that the temperature increases with increase in ambient
increase in  and opposite behavior is noticed in top temperature T .

channel. It is due to the adverse pressure gradient P
surpassing the action of the viscous force in the region.

1

corresponding ones of Ramakrishna et al. [29] for

channel. From Fig. 3 we observe that the velocity
increases  with  the increase in the Jeffrey parameter .1

Fig. 4 is plotted to study the effect of  on the velocity.
We see from this figure the velocity increases with
increasing  in the lower half of the channel and the

magnitude of Skin friction | | are computed fromxz

Jeffrey parameter  and given in Table 1and Table 2.1

From Table 1, it is found that the mass flux increases with
1

in the case of non-Newtonian Jeffrey fluids when

1

both lower and upper beds. The values of mass flux M
xz

permeability parameter  are given in Table 2. It is found
that the mass flux decreases with the increase in
permeability parameter  . The mass flux decreases in the

walls. This is similar to the observation by Rudraiah [30]
for Newtonian fluids. It is also observed that the

 at the lower bed in the case of permeable walls. The
opposite behavior is observed at upper bed. The
magnitude of skin friction decreases with increase in  in

permeable walls at lower bed and the opposite behavior is

In Fig. 5 fractional increase F is plotted against the

0
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Fig. 2: Velocity distribution for various values of P for fixed  = 0.5,  = 0.1, Grsin  = 25,  = 1,  =100,200 1

Fig. 3: Velocity distribution for various values of  for fixed P = 1m  = 0.1, Grsin  = 10,  = 1,  = 101

Fig. 4: Velocity distribution for various values of  for fixed  = 1.5,  = 0.1, Gr = 15,  = 0.01,  = 0.05,  =0.1,  = 1001

Fig. 5: Fractional increase in mass flow rate for various values of P for fixed  = 0.5,  = 0.1, Grsin  = 25,  = 1.1
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Fig. 6: Temperature Distribution

Table 1: Mass flux M and Skin friction | | for different values of Jeffrey parameter  with Grsin  = 25,  = 0.1,  = 1 P = 1 and  = 10xz 1

0(Newtonian Fluid) 0.1 0.2 0.3 0.4 0.51

M 0.4147 0.4562 0.4977 0.5391 0.5806 0.6221
| | 2.3757 2.6132 2.8508 3.0883 3.3259 3.5635xz z=0

| | 34.1243 37.5368 40.9492 44.3617 47.7741 51.1865xz z=1

Table 2: Mass flux M and Skin friction | | for different values of permeability parameter  with Grsin  = 25,  = 0.1,  = 1 P = 1 and  = 0.5xz 1

10 20 30 40 50 (Impermeablewalls case)
M 0.6221 0.3064 0.2123 0.1692 0.1452 0.0721
| | 3.5635 3.0187 2.7101 2.5070 2.3623 1.4904xz z=0

| | 37.2038 38.6847 39.5235 40.0757 40.4688 42.8390xz z=1

CONCLUSION Nomenclature:

In this paper, we assess the effects of Jeffrey u velocity component in- direction
parameter along with the other physical parameters on the , density of the fluid, density at T = T
flow of a stratified Jeffrey fluid in an inclined channel p Pressure
bounded by permeable beds. It is found that the velocity T temperature
and temperature increases with non-Newtonian Jeffrey T ambient temperature
parameter. The mass flux decreases with the increase in k permeability of the porous medium
the permeable parameter . The mass flux is more in the Gr Grashof number
case of Jeffrey fluid when compared with Newtonian fluid. g acceleration due to gravity
The magnitude of skin friction decreases with increase in h distance between porous beds

in the case of impermeable walls when compared with Q Darcy velocity
permeable walls at lower bed and the opposite behavior is Q average Darcy velocity in the upper bed
observed at upper bed. Q average Darcy velocity in the lower bed
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v coefficient of kinematic viscosity 12. Nadeem, S. and Akram Safia, 2010. Peristaltic flow of
volumetric expansion coefficient
temperature of the upper bed

temperature of the lower bed
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