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Abstract - An analysis of the free convective MHD
heat and mass transfer flow of an incompressible,
chemically reacting, radiating, visco-elastic fluid past
a semi-infinite vertical permeable moving plate in
the presence of a uniform transverse magnetic field
with time dependent suction has been considered.
The governing non-linear partial differential equa-
tions are non-dimensionalized and are solved by us-
ing perturbation technique. Analytical solutions for
velocity, temperature and concentration field have
been derived. The expressions for velocity field, tem-
perature field, skin friction, heat flux in terms of
Nusselt number, and mass flux in terms of Sherwood
number are obtained. The effects of the visco-elastic
parameter on velocity profiles and shear stress with
the combination of the other flow parameters are
discussed graphically.

Keywords— Visco-elastic, MHD, Chemical reac-
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I. INTRODUCTION

One of the recent advances in the area of fluid dynamics
is the analysis of visco-elastic fluid flow mechanism.
The analysis of visco-elastic fluid lies on the fact that
viscosity of the fluid signifies the physics of the energy
dissipated during the flow and its elasticity represents
the energy stored during the flow. Most of the liquids
used in industrial applications particularly in polymer
processing applications are of non-Newtonian in nature.
The fluid flow mechanism over a stretching sheet is an
important problem in engineering processes with appli-
cations in industries such as in hot rolling, wire draw-
ing, crystal growing, continuous casting, glass fiber
production, extrusion of plastics and paper production.
The study of visco-elasticity is necessary for determin-
ing the quality of the final products of such processes.

The analysis of the boundary layer flow over a con-
tinuous solid surface moving with constant speed was
initiated by Sakiadis (1961). The thermal radiation ef-
fect in a steady free convective flow through a porous
medium bounded by a vertical infinite porous plate was
investigated by Raptis (1998). Again, Raptis and Perdi-
kis (2003) analyzed the effects of thermal radiation on
moving vertical plate in the presence of mass diffusion.
Jaiswal and Soundalgekar (2001) obtained a solution to
the problem of an unsteady flow past an infinite vertical
plate with constant suction and oscillating plate temper-
ature in a porous medium. Bakier (2001) presented an
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analysis of the thermal radiation effects on stationary
mixed convection from vertical surfaces in saturated po-
rous media for both a hot and a cold surface. Muthucu-
maraswamy (2002) studied the effects of heat and mass
transfer on a continuously moving isothermal vertical
surface with uniform suction. Chamkha (2003) ob-
tained an analytical solution for the MHD flow of a uni-
formly stretched vertical permeable surface with effect
of heat generation/ absorption and chemical reaction.
Das et al. (2011) analyzed the effect of mass transfer on
unsteady hydromagnetic free convective flow of a vis-
cous incompressible electrically conducting fluid past
an infinite vertical porous plate in presence of constant
suction and heat source. The problem of free convection
boundary layer flow with thermal radiation and mass
transfer past a moving vertical permeable plate was
studied by Makinde (2005). Choudhury and Das (2010)
presented a theoretical study for hydromagnetic convec-
tion of a visco-elastic fluid over a continuously moving
vertical surface with uniform suction. Cortell (2007)
investigated the effects of chemical reaction on a steady
laminar boundary layer flow of an electrically conduct-
ing fluid of second grade in a porous medium subject to
a transverse uniform magnetic field past a semi-infinite
impermeable stretching sheet. Nayak et al. (2013) pre-
sented an analysis of unsteady magneto hydrodynamic
natural convection flow of a visco-elastic incompressi-
ble electrically conducting fluid along an infinite hot
vertical porous surface with fluctuating free stream as
well as suction velocity in the presence of chemical re-
action. Das (2014) analyzed the effects of visco-
elasticity on unsteady MHD free convection and mass
transfer flow of a visco-elastic, incompressible, electri-
cally conducting fluid past an infinite hot vertical po-
rous plate embedded in porous medium. Singh et al.
(2011) studied the effect of chemical reaction and radia-
tion absorption on MHD free convective heat and mass
transfer flow past a semi-infinite vertical permeable
moving plate with time dependent suction.

In the present study, an attempt has been made to ex-
tend the problem studied by Singh et al. (2011) to the
case of visco-elastic fluid characterized by second-order
fluid.

Il. FORMULATION OF THE PROBLEM
Consider an unsteady, two-dimensional, MHD free con-
vective heat and mass transfer flow of a laminar, in-
compressible, radiating visco-elastic fluid past a semi-



Latin American Applied Research

infinite vertical porous moving plate embedded in a po-
rous medium. It is assumed that there exists a first order
chemical reaction between the fluid and the fluid spe-
cies concentration. A magnetic field of uniform strength
Bo is applied perpendicular to the plate. The magnetic
Reynolds number of flow is taken to be sufficiently
small enough, so that the induced magnetic field can be
neglected. The X -axis is taken vertical directed along
the plate and the y -axis is taken normal to it. Due to

the semi-infinite plate assumption, the physical varia-
bles are function of y and the time t only. The consti-

tutive equation for the incompressible second-order flu-
id is
S=—pl + A + 1A, + i (A)° (€

where S is the stress tensor, p is the hydrostatic pres-
sure, | is the unit tensor, A,, n=1,2 are the kinematic Ri-
vlin-Ericksen tensors, u, o, us are the material coeffi-
cients describing the viscosity, visco-elasticity and
cross-viscosity respectively, where g1 and 5 are posi-
tive and s is negative (Coleman and Markovitz (1964)).
The Eqg. (1) was derived by Coleman and Noll (1960)
from that of the simple fluids by assuming that the stress
is more sensitive to the recent deformation than to the
deformation that occurred in the distant past.

Under the above assumptions, the flow is governed
by the following equations:
Continuity equation:
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The boundary conditions are
y=0:u=up,T =T,,C=C, ©)

y—>ow:0—-U(®{),T >T,C—>C,

where #, V are velocity components along X and y -

axis respectively, pis the fluid density, g is the accelera-
tion due to gravity, g is coefficient of volume expansion

for heat transfer, f is coefficient of volume expansion

for mass transfer, C is species concentration, C_ is

species concentration in the free stream, C, is species

concentration near the surface, o1 is Stefan-Boltzmann
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constant, K is porous permeability parameter, Qo is
heat absorption coefficient, Q, is radiation coefficient,

C, is specific heat at constant pressure, T is fluid tem-
perature, T, is fluid temperature at the surface, T, is
fluid temperature in the free stream, K, chemical reac-
tion parameter and D is chemical molecular diffusivity.

From the Eq. (2), it is obvious that the suction veloc-
ity normal to the plate is a function of time only. The

variable suction velocity normal to the plate can be tak-
en in the form

iot

V=V, (1+ee )

where Vo is the mean suction velocity, ¢ is a positive
small parameter, and @ is frequency of oscillation.

The following non-dimensional quantities are intro-
duced:

U=0/V,, v=VIV,, y=y, /v, t=tV/ /vy,
U, =0, IV, 0=v@/IVZ, 0= -T )T, -T,)
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Using (8), Egs. (3) to (5) are reduced to the follow-
ing non-dimensional form
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The corresponding boundary conditions are
y=0:u=u,0=1C=1 (12)

y—>o:u—>U(t),0—->0C—0,

where Gr is Grashof number for heat transfer, Gm is
Grashof number for mass transfer, K is dimensionless
porous permeability parameter, M is magnetic parame-
ter, Pr is Prandtl number, Sc is Schmidt number, y is
chemical reaction parameter, « is visco-elastic parame-
ter and Qi is dimensionless radiation absorption pa-
rameter.

1. METHOD OF SOLUTION
Assuming the small amplitude oscillation (0<g<<1) in
the neighborhood of the plate, the velocity, tempera-
ture, and concentration are represented as

u(y,t) =uy(y) +eu,(y)
0(y.t) = 6,(y) + & 6,(y),

(13)
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C(y,t) =Co(y) +&e"*C,(y)
and
U(t) =1+ ™.
Substituting Eq. (13) in Egs. (9) to (11), equating the
like powers of ¢, the following equations are obtained
ur—ug + (M +ijuo =Grg, +GmC,, (14)

m
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&y +Pro, —pPrg, =—Q,PrC,, (16)

& +Pré —Prliow+ )6, =—Pré, —QC, Pr, (17)

C; +ScC; —y5¢cC, =0, (18)

C/+ScC| —Sc(y +iw)C, =-ScC),  (19)

where prime denotes the derivative with respect to y.

The corresponding boundary conditions are
y=0:u,=u,u =06,=16=0C,=1C =0
y—>ow:u,»>1lu, —->16, -0 —0,.C, >0,
C,—0.

Equations (16) to (19) are solved by using the boundary
conditions (20) and their solutions are given by

(20)

C,=e™, (1)
C,=Ale™-e™) (22)
6, = AE™ +Ae™, (23)
0, =A™ +Ae™+Ae™ +Ae™, (24)

where

m, = O.5(Sc+\/Sc2 +4;/Sc)

m, = 0.5(Sc+\/Sc2 +4(y + ia))Sc)
m, =o.5(Pr+,/Pr2+4Pr¢)
m, = 0.5(Pr+./Pr2+4Pr(iw+¢))

In order to solve the Egs. (14) and (15), we note that
a which is a measure (dimensionless) of relaxation
time, |¢<1 for visco-elastic fluid with small memory,
and this enables us to assume the solutions in the form

Uy = Uy, +ally, +O(a?), 25)

U, = Uy, +au,, +0(a?).
Equating the like powers of « and neglecting the higher
powers of ¢, the following equations are obtained

Ugo + Ugo —(M +iju00 =-Grg, —GmC,,

+u(’)1—(M +i}u01 =

1 .
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(26)
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69

n

u;, +

m

, 1 . .
u,—| M +K+|a) Uy, = Uy — el

14

(29)
—Ug, + Ugp.
The corresponding boundary conditions are
y=0:Uy =U,,Uy =0,u,=0,u, =0, (30)

y = 0 :Uy, =L uy, =0,u, —>1u, =0.
Equations (26) to (29) are solved by using the boundary
conditions (30) and their solutions are given by
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and the constants A’s are not presented here for the sake
of brevity.

where

my = 0.5{1+ 1+ 4(

IV. RESULT AND DISCUSSION

The purpose of this study is to bring out the effects of
visco-elastic parameter « on the governing flow with
the combination of the other parameters involved in the
flow problem. The corresponding results for Newtonian
fluid can be deduced from the above results by setting
=0, and it is worth mentioning here that these results
coincide with that of Singh et al. (2011). The real parts
of the results are considered throughout for numerical
validation.

Figures 1-9 represent the pattern of velocity profiles
against y to observe the visco-elastic effects for various
sets of values of the magnetic field parameter (M),
Schmidt number (Sc), Prandtl number (Pr), Grashof
number for mass transfer (Gm), Grashof number for
heat transfer (Gr), radiation absorption parameter (Q1),
permeability parameter (K), chemical reaction parame-
ter () with fixed values of u,=0.5, £=0.5, t=1, ¢=2,
a=0.1. It is evident from the Figs. 1-9 that the velocity
distribution attains a distinctive maximum value in the
vicinity of the plate and then begins to diminish till it at-
tains a finite value at large distance from the plate for
both Newtonian and non-Newtonian fluid flows. These
figures illustrate that the fluid velocity decelerates with
the growing effect of the absolute value of visco-elastic
parameter |a, (¢=0,-0.2,-0.4).

It is observed that velocity field increases with the
increasing values of Grashof number for mass transfer
(Figs. 4 and 5), Grashof number for heat transfer (Figs.
5 and 6), radiation absorption parameter (Figs. 6 and 7),
permeability parameter (Figs. 7 and 8), whereas the ve
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Fig. 1: Fluid velocity u against y with M=0.5, Sc=0.5, Pr=2,
Gm=2, Gr=4, Q1=2, K=2, »=0.2.
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Fig. 2: Fluid velocity u against y with M=1, Sc=0.5, Pr=2,
Gm=2, Gr=4, Q1=2, K=2, »=0.2.
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Fig. 3: Fluid velocity u against y with M=1, Sc=0.8, Pr=2,
Gm=2, Gr=4, Q1=2, K=2, y=0.2.
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Fig. 4: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=2, Gr=4, Q1=2, K=2, »=0.2.
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Fig. 5: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=4, Gr=4, Q1=2, K=2, =0.2.
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Fig. 6: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=4, Gr=6, Q1=2, K=2, »=0.2.
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Fig. 7: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=4, Gr=6, Q1=4, K=2, y=0.2.
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Fig. 8: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=4, Gr=6, Q1=4, K=5, y=0.2.
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Fig. 9: Fluid velocity u against y with M=1, Sc=0.8, Pr=4,
Gm=4, Gr=6, Q1=4, K=5, »=0.6.

locity decrease with the increasing values of magnetic
field parameter (Figs. 1 and 2), Schmidt number (Figs. 2
and 3), Prandtl number (Figs. 3 and 4) and chemical re-
action parameter increases (Figs. 8 and 9) for both New-
tonian and visco-elastic cases. It indicates the fact that
the fluid motion is retarded due to the application of the
transverse magnetic field, Schmidt number, Prandtl
number, chemical reaction parameter, whereas it is ac-
celerated under the effects of mass diffusion, thermal
diffusion, radiation, porous permeability parameter for
both Newtonian and visco-elastic fluid.

The skin friction (wall shear stress) at the plate is
given by
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Fig. 10: Skin friction o against M with Sc=0.2, Pr=2, Gm=2,

Gr=2, Q1=4, K=5, =0.2, up=0.5, £&=0.2, t=0.5, ¢=2, »=0.1.
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Figure 10 exhibits the behaviour of the skin friction
o against M for various visco-elastic parameters. It is
evident from the figure that an increase in the magnetic
field parameter decreases the skin friction for both New-
tonian and visco-elastic fluid. Also, it is seen that the
growth of absolute value of the visco-elastic parameter
|at|, (@=0,-0.2,-0.4) reduces the skin friction.

Heat transfer coefficient in terms of Nusselt number

is given by
{3
),

Mass transfer coefficient in terms of Sherwood

number is given by
{3
N )yo

It has also been observed that the Nusselt number
and Sherwood number are not significantly affected by
the visco-elastic parameter.

V. CONCLUSIONS
The above study leads to the following conclusions:
1. The velocity field has a decelerating trend with the
growing effect of magnitude of the visco-elastic pa-
rameter.
Velocity increases with the increasing values of
mass diffusion, thermal diffusion, radiation, and po-
rous permeability parameter for both Newtonian
and visco-elastic cases.
Velocity decreases with the increasing values of
magnetic field, Schmidt number, Prandtl number,
chemical reaction parameter for both Newtonian
and visco-elastic cases.
The skin friction coefficient shows a decelerating
trend with the growth of magnitude of the visco-
elastic parameter.
Magnetic field parameter reduces skin friction coef-
ficient for both Newtonian and visco-elastic cases.
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