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ABSTRACT

An analysis of radiation and soret effect on visco-elastic mhd oscillatory flow with heat and mass transfer
through a porous medium bounded by two infinite horizontal parallel porous plates in presence of chemical
reaction and a heat source has been presented when one plate is kept at rest while the other is oscillating in its
own plane. The fluid is considered to be non-Newtonian characterized by Walters liquid (Model B’). The
temperature of the stationary plate is assumed to be constant whereas the temperature of the other plate varies
periodically with time about a steady mean. The equations governing the fluid flow, heat and mass transfer have
been solved analytically. The expressions for velocity, temperature, species concentration, non-dimensional
skin-friction at the plates, the coefficient of rate of heat transfer from the plates to the fluid in terms of Nusselt
number in non-dimensional form, the coefficient of rate of mass transfer from the plates to the fluid in terms of
Sharewood number in non-dimensional form are obtained and illustrated graphically to observe the visco-elastic
effects in combination of other flow parameters involved in the solution. It is noticed that the momentum,
thermal and concentration fields are significantly affected by the visco-elastic parameter.

Keywords and phrases: MHD, visco-elastic, oscillatory flow, skin-friction, Nusselt number, Share wood

number, Radiation, Soret number.

l. INTRODUCTION

The free convective Visco-elastic mhd
flow with heat and mass transfer has been studied
in a large scale due to its application in various
fields like, cosmic fluid dynamics, meteorology,
solar physics, in the motion of the core of the earth
plasma studies, nuclear reactors, geothermal energy
extractions and the boundary layer control in the
field of aerodynamics. The attention of a large
number of scholars has been attracted by the heat
and mass transfer problems in combination with
chemical reaction because of their great importance
in many processes. An important role is played by
MHD in the field of Astrophysics, Geophysics and
many engineering problems. Nowadays, the studies
of fluid flows through porous medium become
interesting and inevitable in case of extraction of
crude oil from the pores of rocks. A reaction is said
to be of the order n, if the reaction rate is
proportional to the n-power of concentration. In
particular, a reaction is said to be first-order, if the
rate of reaction is directly proportional to
concentration itself. In well mixed system, the
reaction is heterogeneous if it takes place at an
interface and homogeneous, if it takes place in
solution. The remarkable contributions of the
authors like, Alfven [4], Cowling [26], Cramer and
Pai [27], Frerraro and Plumton[31] and
Shercliff[43] have brought MHD to its present

position. Recently, the study of MHD flow with
heat and mass transfer becomes more interesting
because of the effect of magnetic field on the
performance of various systems. Nigam and
Singh[37], Soundalgekar and Bhat[48],
Vajravelu[51]and Attia and Kotb[8] have made a
series of investigations for such applications .
Bodosa and Barthakur [9] had studied MHD flow
and heat transfer of a Visco-elastic fluid past
between two horizontal plates with heat sources or
sinks. Raptis et al. [39] has analysed hydro
magnetic free convective flow through porous
medium between parallel plates. Makinde and
Mhone[34]had investigated MHD flow in a
channel fluid with porous medium. The combined
effects of transverse magnetic field and ohmic
dissipation on unsteady flow of a conducting flow
through a channel filled with saturated porous
medium and non-uniform wall temperature was
investigated by Choudhury et al. [14]. Ahmed and
Barman [2] have analysed the combined effect of a
transverse magnetic field of uniform strength and
the velocity of the moving plate in the heat transfer
and flow of an electrically conducting fluid
bounded by two horizontal plates of which one
plate is at rest and the other is oscillating in its own
plane.

Singh et al. [44] have analysed heat
transfer over stretching surface in porous media in
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presence of magnetic field. Singh et al. [45] have
investigated MHD oblique stagnation point flow
towards a stretching sheet with heat transfer. The
effect of thermal radiation and magnetic field on
unsteady stretching permeable sheet in presence of
free stream has been studied by Singh et al. [46].
Elbashbeshy et al. [30] have investigated heat
transfer over an unsteady porous stretching surface
embedded in a porous medium with variable heat
flux with heat source or sink. The problem of heat
and mass transfer by natural convection with
opposing buoyancy effects in a fluid saturated
porous mediumheve been studied by Angirasa et
al. [5]. Devi and Ganga [28] have investigated the
dissipation effects on MHD non linear flow and
heat transfer past a porous surface with prescribed
heat flux. The problem of mass transfer and heat
generation effects on MHD free convection flow
past an inclined vertical surface in a porous
medium have been analysed by Reddy and Reddy
[40].

The problems of heat and mass transfer in
combination with chemical reaction have played an
important role in many processes and have
attracted the researchers in a large scale. A reaction
is said to be of the order n, if the reaction rate is
proportional to the n-power of concentration. In
particular, a reaction is said to be first-order, if the
rate of reaction is directly proportional to
concentration itself. In well mixed system, the
reaction is heterogeneous if it takes place at an
interface and homogeneous, if it takes place in
solution. Muthucumaraswamy and
Meenakshisundaram [36] have investigated the
effect of chemical reaction on free convection and
heat transfer past an oscillating infinite vertical
plate . Anjalidevi and Kandasamy [6] have
investigated the effect of chemical reaction on
MHD flow with heat and mass transfer past a semi-
infinite plate. Choudhury and Jha [15] have studied
the same on MHD micropolar fluid flow in slip
flow regime. Al-Odat and Al-Azab [7] have
analysed the influence of chemical reaction on
transient MHD free convection over a moving
vertical plate. The influence of chemical reaction
on MHD flow with heat and mass transfer over a
vertical stretching sheet in presence of heat source
and thermal stratification effect has been studied by
Kandasamy et al. [32]. The effect of chemical
reaction on transient MHD free convective flow
over a vertical plate in slip flow regime has been
studied by Ahmed [3]. The radiation effects on
MHD flow past an exponentially accelerated
isothermal vertical plate with uniform mass
diffusion in the presence of heat source has been
analysed by Bala et al. [10]. Baoku et al. [11] have
investigated the influence of thermal radiation on a
transient MHD Couette flow through a porous

medium. Basu et al. [12] have analysed the
radiation and mass transfer effects on transient free
convection flow of dissipative fluid past semi-
infinite vertical plate with uniform heat and mass
flux. The radiation, heat and mass transfer effects
on moving isothermal vertical plate in presence of
chemical reaction has been studied by
Muthucumaraswamy and Chandrakala [35]. Rao et
al. [38] have studied the chemical effects on an
unsteady MHD free convection fluid past a semi-
infinite vertical plate embedded in a porous
medium with heat absorption. The radiation effect
on the flow and heat transfer over an unsteady
stretching sheet has been investigated by El-Aziz
[29]. Sandeep et al. [41] have found out the effect
of radiation chemical reaction on transient MHD
free convective flow over a vertical plate through
porous medium. Suneetha et al. [50] have studied
the radiation and mass transfer effects on MHD
free convective dissipative fluid in the presence of
heat source/sink.

The applications of the mechanisms of
non-Newtonian fluid flows in modern technology
and industries have attracted the attention of a large
number of researchers. Keeping in view of the
applications and the important roles played by the
non-Newtonian fluid flow mechanisms in various
manufacturing processes, authors like Kelly et al.
[33], Subhash et al. [49], Sonth et al [47], Abel et
al. [1], Choudhury and Mahanta [17], Choudhury
and Dey [16], Choudhury and Das [25], Choudhury
and Das[18], [19], [20], [21], [22], [23], [24], [25]
etc. have studied some problems of physical
interest in this field.

The object of the present author is to study
the visco-elastic effect on the MHD flow of
Walters liquid (Model B’) with heat and mass
transfer in presence of radiation, chemical reaction
and Soret effect bounded by two horizontal plates
of which one plate is kept at rest while the other is
oscillating in its own plane in presence of heat
source.

The constitutive equation for Walters liquid (Model
B') is

g% = —pgy + 2nge' — e ™ ()
where o' is the stress tensor, p is isotropic
pressure, Qi is the metric tensor of a fixed co-
ordinate system x', v' is the velocity vector, the

contravariant form of ¢" is given by
— astk . . . . N
ik — - + 1;.i'r.gm%_ Ularr. gim _ 1’,_.L”‘r‘ g™k (2)

It is the convected derivative of the deformation
rate tensor e defined by

2e% = V' VK (3)
Here n, is the limiting viscosity at the small rate of
shear which is given by

g = f: Niz)dr and ky = f: N(z)dr 4)

WWW.ijera.com 40Page



Sajal Kumar Das. Int. Journal of Engineering Research and Application

Www.ijera.com

ISSN : 2248-9622, Vol. 6, Issue 8, ( Part -4) August 2016, pp.39-54

N(t) being the relaxation spectrum as introduced by
Walter[52, 53]. This idealized model is a valid
approximation of Walters liquid (Model B') taking
very short memories into account so that terms
involving

[ N@dr, nz=2 (5)

have been neglected.

1. MATHEMATICAL
FORMULATION
The oscillatory flow of a visco-elastic

fluid characterized by Walters liquid (Model B’)
through a porous medium Brinkman Model [15]
bounded by two infinite horizontal porous plates
separated by a distance h of which one plate is kept
at rest while the other is oscillating in its own plane
with heat and mass transfer in presence of a heat
source, radiation and Soret effect has been
considered. A homogeneous chemical reaction of
first order of constant rate K, is assumed to exist
between the diffusing species and the fluid. A
transverse uniform magnetic field is applied normal
to the plate. The temperature of the plate at rest is
taken to be constant whereas that of the oscillating
one varies periodically with time about a steady
mean. We restrict our investigation to the following
conditions:

i. All the fluid properties other than the density
in the buoyancy force term are constant.

ii. The Eckert number is small.

iii. The induced magnetic field can be neglected as
the magnetic Reynolds number is very small.

iv. The plates are electrically non-conducting.

v. The frequency of oscillation of the temperature
of the upper plate is twice the frequency of
oscillation of the plate velocity of the upper
plate.

vi. The frequency of oscillation of the
concentration on the upper plate is twice the
frequency of oscillation of the plate velocity of
the upper plate.

u:UeiUﬁTT:TO-FTweEim TC:CO-l_Cwezimlt TEO T y:h

u=0 T T=T0T C=COT B, Ty=0

Fig-1: Geometry of the problem.

The x- and y-axes are taken along and
perpendicular to the stationary plate which is
horizontal and is directed into the fluid and the z-
axis is taken along the width of the stationary plate

in a direction perpendicular to the y-axis. Let
g =1i0+j% be the fluid velocity at the point
(%¥.2)and B= B ,j be the applied magnetic field,
i and j being the unit vectors along x- and y-axes
respectively. As the lengths of the plates are
infinite, all the physical quantities except possibly
the pressure are assumed to be independent of X
and the flow is parallel to x-axis. Under the above
assumptions, the governing equations of the fluid
flow, heat and mass transfer are as follows:

The equation of continuity:

ar

=0 (6)
The momentum equation:

dw_ _13F Gj) K 2§ _v@_of’T
arF = pax 72 p 8T & P (7)
where v:r;—".

The energy equation:

T _ Lﬂ_l_LG_“]E H 2 3% | ofgi@
ar pLp 37 oy \aF pLp 37 3B pop

F_ )2

QT —T,) r

_ - ®

Concentration equatlon:
8¢ _ p | DuE T
ar” TMap T or. ap?

— K, (C-Cy) (9)

The boundary conditions are
=0:u=0T=T,.C=0,
hiu = '@ T = T+ f_,.e”r"f,

Co+ C,etef (10)

LT St |
Il

where i is the axial velocity, B, is the
strength of the applied magnetic field, T, is the
temperature of the plate at rest, £, is the
concentration on the plate at rest, T,, the amplitude
of the fluctuating part of the temperature of the
moving plate, C, is the amplitude of the
fluctuating part of the concentration at the moving
plate and U is the amplitude of the velocity of the
moving plate, k is the thermal conductivity, K*is
the thermal diffusion ratio, T is the mean
temperature of the fluid, I,y coefficient of mass

diffusivity, o is the electrical conductivity and K is
the permeability parameter.

We introduce the following non-
dimensional quantities:

x == il = -_ H H = H
k k Tor ¢ o
shig,? fir wh oTh Oh

M=—",t=;, w="—"y u=— , U=—,

o n ¥ ¥ ¥
Fn? R? B R? ULy

P=—, §=—, K, == E =— (Prandtl

v K v K

2 2
Number), E = c; (Eckert Number), & = £

Rty "
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(Heat source parameter).5, —‘:"”::’R_
Number).

The Roseland approximation, quantified
the radiative heat flux for an optically thick
boundary layer flow in a simplified differential
form is considered as
- _ 4t art
9r = ~ k- ar
where @ is the Stefan Boltzmann constant and k*
is the mean absorption coefficient. Expanding
T* in Taylor’s series about T,, which after
neglecting higher order terms, takes the form

T4 = 47,7 — 3T,"

(Soret

Equation (7) becomes,

du_ a2 3y
ar - x| gyt 1ara z -G+ Mu (11)
Where K, =—%

Equation (8) becomes,
EL 1 1% 878 aun? au 3%y
=4 Z+E(C) -RED T+

at dy dedy
MEu® + ufl
) (12)
Where i = 15;1'.,3 = Radiation parameter.
Equation (9) becomes,
de _18% o 3¢

3t 53y Tora: K@ (13)

The boundary conditions (Non-dimensional) are:
y=0u=08=0¢=0
y=1liu=Ue"r, 8= g% ¢ = g™t (14)

1. METHOD OF SOLUTION
We assume that

8B iwt
ax =Ae™",
Then equation (10) becomes
du Euat ﬂ _
== _de™r 42 1ara —~— (5 +Mu (15)

In view of the boundary conditions (12), we
assume the velocity, temperature and concentration
fields as

u =ug(y) e, 8 =8, (y)e*™@*, ¢ = py(y)e?«t

(16)

Using (16), equations (11) (12) and (13) reduce to

L F+M+iw
Yo T Thie T hie an

. ) R o 2 _
& —:%(Zma —alfy = ::;{1 K, i) ug

ME
U’
(18)

And
P — Sc{Hr + EEW]% =—5:5:9 (19)

The boundary conditions (14) are now,

y=0: u=0, 6,=0, gy =10

y=1: ug=U, 6p=1, gy =1 (20)

Solving equations (17), (18) and (19) subject to the

boundary conditions (20) we get the solutions as:

ug = C g™y + Ce7%Y g, (21)

By, = Ca8%Y + Cye %Y + q eV + g 7200 +
a €Y + a3 + gy

(22)
Py = {."59*’-'15.]- + EEE_E“'} + ﬂ_ﬂgﬂa.} +
ape” " + f108°%Y + aye” Y 4

ag; €% + ag e Y
(23)

We write

ugly) = g, +iug, 8, (y) = 8y + 16y,

¢oy) = o + iy

So that

u = ug(y)e™, 8 =6, (y)e™, ¢ = poly) ™
become

U = (Upy + ftg; ) (cost + isinwt))

8 = (B + 0 ) (cos2wt + isin2ewt]),

¢ = (pgr + iy Neos2wt + isin2et).
Considering the real part only, we get the non-

dimensional velocity, temperature and
concentration field u as
U = U COSE — Uy St (24)
8 = Byrcosiwt — By sinlwt (25)
P = Ppco052wt — g sinlowt (26)
The non-dimensional skin friction is given by

fu 8% u
% =ay X aay

The non-dimensional skin friction at the plates y=0
and y=1 in the direction of the flow are given by
gy = Re {ar-]":},].rn )

oy = RE{GI_}-:}I}_=L
ie.
gy = fugy (0) — K, coug; (0)}coswt +
{Hlmu[,r'(ﬂ] - uD['{D]}sEmt
(27)
gy = {ug, (1) — K, wuy; (1) }eoswt +
{H,_mum.'(ﬂ - um-'{l:]}simt
(28)
The non-dimensional form of the rate of heat

transfer at the plates y=0 and y=1 in the form of
Nusselt number N, are given by,

N=(2) . M, =(3)

y=u ¥ .]"=1.
So that
Ny, = By (O)cos2wt — Gy (0)sin2wt (29)
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Ny, = Bpr (1)cos2ewt — By (1)sin2 et (30)

respectively.
The non-dimensional form of the rate of mass
transfer at the plates y=0 and y=1 in terms of
Sherwood number 5; are given by

_ (22 . (5%
Shp = (33;) Shy = (ﬂ],r)

.}.=D, .}=1.

Shy = Por (0)cos2wt — ¢p; (0)sin2wt (31)
Sp, = qlbpr-'(l] cos2wt — qbn.['(ﬂsiﬂzmt (32)

respectively.
The constants are obtained but not given here due
to brevity.

V. DISCUSSION

The purpose of the present study is to find
out the visco-elastic effects on MHD flow with
heat and mass transfer of Walters liquid (Model B')
through a porous medium bounded by two infinite
horizontal parallel porous plates in presence of
radiation, chemical reaction, Soret effect and heat
source when one plate is kept at rest while the other
is oscillating in its own plane. The visco-elastic
effect is characterized by the non zero values of the
non dimensional parameter K; whereas K;=0
represents the Newtonian fluid flow phenomenon.

To understand the physics of the problem,
the physical quantities such as, the velocity profile,
the skin-friction coefficient, the temperature
profile, the Nusselt number, the Sharewood number
and the concentration profile are depicted for the
cases when the amplitude of the velocity of the
moving plate are zero (U=0) and non-zero (U=1).
All the numerical calculations are to be carried out
for 0=.05, E=.01, ®=3, A=1, S=.1, t=.1, S.=.1, P,=3
throughout the problem.

\elocity profile U, against y

90 !
03 0.35 0.4 0.45 0.5 0.55 0.6 0.65
—> Yy

Fig-2: 0=.05; E=.01; M=1,w=3;U=0; A=1;S=.1;

t=.1;R=.1;K,=.1;5r=.1;S.=.1;P,=3.

velocity profile u . against y for U=1

200 | | | | | | | | |
04 042 044 046 048 05 052 054 056 058 0.6

Sy
Fig-3: 0=.05; E=.01 ;M=1;w=3;U=1; A=1;S=.1;
t=.1;R=.1;K,=.1;5,=.1;S.=.1; P,=3.

Figure 2 and 3 illustrate that the velocity
field of the fluid flow when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively.Fig-2 reveals that the
velocity profile is parabolic in nature and
maximum value occurs along the centre of the
channel whereas minimum values occur at the
walls in case of both Newtonian and non-
Newtonian fluid cases. Fig-3 depicts an increasing
trend of the fluid velocity with the maximum at the
plate y=1 and minimum value at the plate y=0. In
both the figures, the speed of the fluid velocity
enhances with the growth of the visco-elastic
parameter K; in comparison to that of Newtonian
fluid flow.

\elocity profile u against M

122

01 02 03 04 05 06 07 08 09 1

Fig-4: 0=.05; E=.01,w=3;U=0;A=1;S=.1;
t=.1;,R=.1;K;=.1;5,=.1;S.=.1,y=.5;P,=3;
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velocity profile u, against M for U=1

380

u

310
0

. . . . . . . . .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
—> M

Fig-5: 0=.05; E=.01;,w=3;U=1;A=1;S=.1;
t=.1,R=.1;K;=.1;5,=.1;S.=.1,y=.5;P,=3.

Figures 4 and 5 explain the nature of the
fluid velocity against the magnetic field. In both the
figures, a decreasing trend of the velocity profile is
observed against the magnetic parameter M. It is
also observed from fig-4 and fig-5 that the velocity
profile increases when the amplitude of the velocity
of the moving plate is non-zero (U=1) in
comparison with the case when the amplitude of
the velocity of the moving plate is zero (U=0).
Both the figures describe that the elasticity factor
enhances the fluid velocity in comparison with that
of Newtonian fluid flow.

Skin friction coefficient, o, against M
0.44

0.4451

0451

0455

0.49 | | | | | | | | |
0 01 02 03 04 05 06 07 08 09 1

—> M
Fig-6: a=.05; E=.01;,w=3;U=0;A=1;S=.1;
t=.1;R=.1;K,=.1;5,=.1;S.=.1;P,=3;

Skin friction coefficient, % against M for U=1

0.48

0.34 | | | | | | | | |
0 01 02 03 04 05 06 07 08 09 1

— > M
Fig-7: 0=.05; E=.01; w=3; U=1;A=1;S=.1,;
t=.1;R=.1; K=.1;5=.1,5,=.1,P,=3;

Figure 6 illustrates that the non-
dimensional skin-friction coefficient on the plate
y=0 increases with the increase of magnetic
parameter M and it decreases with the increase of
the elasticity factor in comparison with that of
Newtonian fluid flow for U=0. But fig-7 shows an
opposite trend of the non-dimensional skin-friction
coefficient on the plate y=0 when the amplitude of
the velocity of the moving plate is non-zero (U=1).

Skin friction coefficient, o, against M
0.49

0.4851

0481

0.475

0 01 02 03 04 05 06 07 08 09 1
— > M

Fig-8: 0=.05; E=.01,w=3;U=0;A=1;S=.1;
t=.1;R=.1;Kr=.1;Sr=.1;Sc=.1,P=3;
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Skin friction coefficient, o, against M for U=1

175

171

135 | | | | | | | | |
0 01 02 03 04 05 06 07 08 09 1

*)M

Fig-9: 0=.05; E=.01;,w=3;U=1;A=1;S=.1;
t=.1;R=.1;K,=.1;5,=.1;S.=.1,P=3;

Figure 8 shows a diminishing trend of the
non-dimensional skin-friction coefficient on the
plate y=1 against the magnetic parameter M when
the amplitude of the velocity of the moving plate is
zero (U=0). It also illustrates that the visco-
elasticity factor enhances the non-dimensional
skin-friction coefficient against the magnetic
parameter M. Figure 9 explains the nature of the
non-dimensional skin-friction coefficient on the
plate y=1 against the magnetic parameter M when
the amplitude of the velocity of the moving plate is
non-zero (U=1). In this case, the non-dimensional
skin-friction coefficient has an accelerating trend
against the magnetic parameter in both Newtonian
and non-Newtonian cases. Fig-9 also shows that
the visco-elastic factor enhances the non-
dimensional skin-friction coefficient in comparison
with that of Newtonian fluid flow.

temperature profile, er against y
37 ‘

93.61

93.5¢

93.4r

9331

o B2r

9B.1r

93

92.9r

9238

92'5.1 0.1001 0.1002 0.1003 0.1004 0.1005 0.1006 0.1007 0.1008 0.1009
y
Fig-10: a=.05; E=.01 ;M=1;w=3;U=0;A=1;S=.1
1=.1;R=.1;K=.1;5,=.1;S.=.1,P,=3;

temperature profile, er against y for U=1
367 T T T T T

366.8

366.61

o 36647

366.2

366

8
0.4 0.4001 0.4002 0.4003 0.4004 0.4005 0.4006 0.4007 0.4008 0.4009 0.401
—>
Fig-11: a=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1;
t=.1,R=.1,K;=.1;5=.1;5.=.1;P,=3;

Figures 10 and 11 illustrate the nature of
the temperature field against y, the width of the
channel in cases when the amplitude of the velocity
of the moving plate are zero (U=0) and non-zero
(U=1) respectively. In both the cases, the
temperature field enhances throughout the channel
against y but diminishes with the increase in the
visco-elastic parameter K; in comparison with that
of Newtonian fluid flow.
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Temperature field, 6, against R
0.47 T

0468

0.466

0464

o 0462

0467

0.458(

0456

0454 1 1 1 1 1 1 1 1
02 03 04 05 06 07 08 09 1

4) R

Fig-12: a=.05; M=1; E=.01;w=3;U=0;A=1;S=.1;
t=.1;K=.1;5=.1;S.=.1;P,=3;y=.5;

Temperature field, er against R for U=1
047 T

0.468 1

0.466

0.464

0.462

0.46

0.458

0.456 — : :
02 03 04 05 06 07 08 09 1

H R
Fig-13: a=.05;M=1; E=.01,w=3;U=1;A=1;S=.1;
t=.1;K=.1;5=.1;S.=.1;P,=3;y=.5;

Figure 12 and 13 describes the
temperature field against the radiation parameter R
in the cases when the amplitude of the velocity of
the moving plate are zero (U=0) and non-zero
(U=1) respectively. In both the cases, the
temperature field first increases and then decreases
with the increase of the radiation parameter R .In
both the cases the elasticity factor diminishes the
temperature field in comparison with that of
Newtonian fluid flow.

Nusselt Number on the plate y=0, Nu, against M

0.9288}
0.9286
§° 0.9284}

T 0.9282 1

0.928

09278 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

—> M
Fig-14: a=.05; E=.01;w=3;U=0;A=1;S=.1;
t=.1;K,=.1;5,=.1;S.=.1;P,=3;y=0;R=.1;

Nusselt Number on the plate y=0, Nu0 against M for U=1
0.93 T T

0.9298

0.9296

0.9291

0.9288 ' ' ' '
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

—> M
Fig-15: a=.05; E=.01;w=3;U=1;A=1;S=.1;
t=.1;K=.1;5,=.1;S.=.1;P,=3;y=0;R=.1;

Figures 14 and 15 explain the non-
dimensional rate of heat transfer in terms of
Nusselt number N, at the plate y=0 against the

magnetic parameter M when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively. Both the figures show
that the visco-elasticity factor gradually diminishes
the non-dimensional rate of heat transfer Ny, in

comparison with that of Newtonian fluid flow. The
figures also reveal that N, gradually decreases

with the increase of the magnetic parameter M.
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Nusselt Number on the plate y=0, Nu0 against R
096 T T T T
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—> Nu,
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0.9 . . . . . . I
02 03 04 05 06 07 08 09 1
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Fig-16: a=.05;M=1; E=.01;w=3,;U=0;A=1;S=.1;
t=.1;K=.1;5,=.1;S.=.1;P,=3;y=0;

Nusselt Number on the plate y=0, Nu0 against R for U=1

0.96 T T T

09— . . . . . . .
02 03 04 05 06 07 08 09 1

Fig-17: 0=.05;M=1; E=.01;w=3;U=1;A=1;S=.1;
t=.1;K=.1;5=.1;S=.1;P=3;y=0;

Figures 16 and 17 describe the non-
dimensional rate of heat transfer in terms of
Nusselt number N, at the plate y=0 against the

radiation parameter R when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively. In both the cases, the
non-dimensional rate of heat transfer N, first
increases and then decreases to a remarkable state
with the increase of the radiation parameter R. Both
the figures show that the visco-elasticity factor
diminishes the non-dimensional rate of heat
transfer IV, , in comparison with that of Newtonian

fluid flow.
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Nusselt Number on the plate y=1, Nu, against M
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0 01 02 0,‘3 0.4 015 06 07 08 09 1
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Fig-18: a=.05; E=.01;w=3;U=0;A=1;S=.1;
t=.1;K=.1;5,=.1;5.=.1,P,=3;y=1;R=.1

Nusselt Number on the plate y=1, Nu, against M for U=1
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Fig-19: a=.05; E=.01;w=3;U=1;A=1;S=.1;
t=.1;K=.1;5=.1;S.=.1;P,=3;y=1;R=.1;

Figures 18 and 19 explain the non-
dimensional rate of heat transfer in terms of
Nusselt number N, at the plate y=1 against the
magnetic parameter M when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively. Both the figures show
that the visco-elasticity factor enhances the non-
dimensional rate of heat transfer V,,, in comparison

with that of Newtonian fluid flow. A growing trend
of the non-dimensional rate of heat transfer Ny, is

also observed in the case of U=0 with the increase
of the magnetic parameter M.
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Nusselt Number on the plate y=1, Nu, against R

0.43

4>Nu1
T T

0'36.3 035 04 045 05 055 06 065
—> R
Fig-20: a=.05;M=1; E=.01,w=3;U=0;A=1;S=.1;
t=.1;K=.1;5=.1;S.=.1;P,=3;y=1;

Nusselt Number on the plate y=1, Nuy against R for U=1
0.42 T

036 1 1 1 1 1 1 1
03 03 04 045 05 055 06 065

—> R
Fig-21: a=.05;M=1; E=.01,w=3;U=1;A=1;S=.1;
t=.1;K=.1;5=.1;S,=.1;P,=3;y=1.

Figures 20 and 21 illustrate nature of the
non-dimensional rate of heat transfer in terms of
Nusselt number Ny, at the plate y=1 against the

radiation parameter R when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively. In both the cases, the
non-dimensional rate of heat transfer N,,, suffers a

diminishing trend against the radiation parameter R
but an opposite trend is observed against the visco-
elastic parameter K; in comparison with that of
Newtonian fluid flow.

Concentration field, ¢ against K.

4.2928
4.2928
42928
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429271
42927}
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0.4 0.4005 0.401 0.4015 0.402 0.4025 0.403

*) Kr
Fig-22: 0=.05; E=.01 ;M=1,w=3;U=0;A=1;S=.1;
t=.1;R=.1;5,=.1;y=.5;5.=.1;P,=3;

Concentration field, ¢, against K for U=1
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Kf
Fig-23: a=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1;
t=.1;R=.1;S,=.1;y=.5;S.=.1;P,=3;

Figures 22 and 23 explain the behavior of
the concentration field against the chemical
reaction parameter K, when the amplitude of the
velocity of the moving plate are zero (U=0) and
non-zero (U=1) respectively. Both the figures
reveal a diminishing trend of the concentration
field against the chemical reaction parameter K, but
an opposite trend is found against the visco-elastic
parameter K; in comparison with that of Newtonian
fluid flow.
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4 Concentration field, ¢_against S
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Fig-24: a=.05; E=.01 ;M=1;w=3;U=0;A=1;S=.1
1=.1;R=1;K=.1;y=.5;S.=.1;P,=3;

10 Concentration field, ¢[ against S for U=1
4.2987 ‘ ‘
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4.29861

4.29851
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04 0401 0402 0.403 0.404 0.405 0.406 0.407 0.408 0.409

SI’
Fig-25: a=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1;
t=.1;R=.1;K;=.1;y=.5;5.=.1;P,=3;

Figures 24 and 25 describe the behavior of
the concentration field against the Soret number S,
when the amplitude of the velocity of the moving
plate are zero (U=0) and non-zero (U=1)
respectively. In both the cases, the Soret Number
diminishes the concentration field while the
elasticity factor enhances the concentration field in
comparison with that of Newtonian fluid flow.

Sharewood Number Shy against K

X

8.6901
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£ 86808

8{6897 r

8.6896
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0.4 0.4005 0.401 0.4015 0.402 0.4025 0.403

—> Kr
Fig-26: a=.05; E=.01 ;M=1;w=3;U=0;A=1;S=.1;
t=.1;R=.1;S5,=.1;y=0;S.=.1;P,=3;

4 Sharewood Number Shy against K for U=1
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0.4 0.4005 0.401 0.4015 0.402 0.4025 0.403
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Fig-27: a=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1;
t=.1;,R=.1;S5,=.1;y=0;S.=.1;P,=3;

Figures 26 and 27 explain the non-
dimensional rate of mass transfer in terms of
Sharewood number 5, at the plate y=0 against the
chemical reaction parameter K; when the amplitude
of the velocity of the moving plate are zero (U=0)
and non-zero (U=1) respectively. In both the cases
the non-dimensional rate of mass transfer 5j,
decreases with the chemical reaction parameter K.
It is also observed that the visco-elasticity factor
enhances the non-dimensional rate of mass transfer
Shp In comparison with that of Newtonian fluid

flow.
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. 4 Sharewood Number Sh0 against Sr
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Fig-28: a=.05; E=.01 ;M=1;w=3;U=0;A=1;S=.1;
t=.1;,R=.1;K,=.1,y=0;S.=.1;P,=3;
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Fig-29: a=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1,;
t=.1;,R=.1;K=.1,y=0;S.=.1;P,=3;

Figures 28 and 29 show the non-
dimensional rate of mass transfer in terms of
Sharewood number 53, at the plate y=0 against the

Soret number S, when the amplitude of the velocity
of the moving plate are zero (U=0) and non-zero
(U=1) respectively. Both the figures reveal that the
non-dimensional rate of mass transfer 5;,

decreases with the Soret number S,. But the visco-
elasticity factor enhances the non-dimensional rate
of mass transfer 55, in comparison with that of

Newtonian cases.

4 Sharewood Number Sh1 against Kr
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Fig-30: 0=.05; E=.01 ;M=1,w=3;U=0;A=1;S=.1;
t=.1;R=.1;5,=.1;y=1,;5.=.1;P,=3;

10 Sharewood Numberon plate y=1, Sh1 against K, for U=1
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Fig-31: a=.05; E=.01 ;M=1;w=3;U=1;A=1;
S=.1; t=.1;R=.1;S,=.1;,y=1; S.=.1;P,=3.

Figures 30 and 31 explain the non-
dimensional rate of mass transfer in terms of
Sharewood number 53, at the plate y=1 against the

chemical reaction parameter K, when the amplitude
of the velocity of the moving plate are zero (U=0)
and non-zero (U=1) respectively. In both the cases
the non-dimensional rate of mass transfer 5y,
enhances with the growth of the chemical reaction
parameter K, But the visco-elasticity factor
diminishes the non-dimensional rate of mass
transfer 55, in comparison with that of Newtonian

fluid flow.
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4 Sharewood Number Sh1 against S[
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Fig-32: a=.05; E=.01 ;M=1;,w=3;U=0;A=1;S=.1;
t=.1;R=.1;K=.1;y=1;S.=.1,P,=3;

104 Sharewood Numberon plate y=1 Sh1 against Sr for U=1
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Fig-33: 0=.05; E=.01 ;M=1;w=3;U=1;A=1;S=.1;
t=.1;R=.1;K,=.1;y=1;S.=.1,P,=3;

Figures 32 and 33 illustrate the non-
dimensional rate of mass transfer in terms of
Sharewood number 53, at the plate y=1 against the

Soret number S, when the amplitude of the velocity
of the moving plate are zero (U=0) and non-zero
(U=1) respectively. In both the cases, a growing
trend of the non-dimensional rate of mass transfer
5y, is observed against the Soret number S;. But a

diminishing trend in the non-dimensional rate of
mass transfer 55, is observed against the visco-

elasticity factor in comparison with that of
Newtonian cases.

V. CONCLUSION

An analysis to find out the visco-elastic
effects on MHD flow with heat and mass transfer
of Walters liquid (Model B’) through a porous
medium bounded by two infinite horizontal parallel
porous plates in presence of radiation, chemical
reaction, Soret effect and heat source has been
presented when one plate is kept at rest while the
other is oscillating in its own plane for different
values of visco-elastic parameter K; in combination
of other flow parameters. The visco-elastic effect is
characterized by the non zero values of the non-

Newtonian parameter K; whereas K;=0 represents

the Newtonian fluid flow phenomenon.

From this study, we make the following
conclusions:

e The effect of the visco-elasticity factor in the
velocity field is significant and the velocity
field enhances with the growth of the visco-
elasticity factor.

e  The temperature field is considerably affected
by the variation of visco-elastic parameter and
it decreases with the increase of the visco-
elastic parameter.

e The effect of visco-elastic parameter is
prominent in the concentration field and it
increases with the increase of the visco-elastic
parameter.

e The increasing values of chemical reaction
parameter and Soret number decelerate the
concentration field.

e The skin-friction coefficient is considerably
affected by the non-Newtonian parameter on
both the plates. It decreases on the plate y=0
and increases on the plate y=1 when the
amplitude of the velocity of the moving plate
is zero (U=0). But it increases on both the
plates when the amplitude of the velocity of
the moving plate non-zero (U=1) with growing
effect of the non-Newtonian parameter.

e The skin-friction coefficient is also
significantly —affected by the magnetic
parameter on both the plates. It increases and
decreases on the plate y=0 against the
magnetic parameter when the amplitude of the
velocity of the moving plate are zero (U=0)
and non-zero (U=1) respectively. But an
opposite trend is observed on the plate y=1.

e The rate of non-dimensional heat transfer in
terms of Nusselt number on the plate y=0
diminishes with the growth of the visco-elastic
parameter and magnetic field M as well. But it
exhibits mixed types of behavior against the
radiation parameter. It first increases up to
some value of the radiation parameter and then
decreases.
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The rate of non-dimensional heat transfer in
terms of Nusselt number on the plate y=1
increases with the growth of the visco-elastic
parameter and decreases with the radiation
parameter. But it increases against the
magnetic field for U=0 and for U=1, it first
increases up to some value of the magnetic
parameter and then decreases.

The rate of non-dimensional mass transfer in
terms of Sharewood number on the plate y=0
enhances with the growth of the visco-elastic
parameter but diminishes with the growing
effect of both Chemical reaction parameter and
Soret number. An opposite trend is observed
for the rate of non-dimensional mass transfer
in terms of Sharewood number on the plate

y=1.
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