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Abstract: This research work examinedMagnetohydrodynamics(MHD)flow over an infinite plate in a porous
medium with constant suction, oscillatory viscoelastic and radiation effects. Effects of grashof numbers,
viscoelastic parameter, radiationparameter,prandtl and Schmidt numbers are discussed.The results found for
concentration, temperature and velocity are depicted graphically. The velocity flow field increaseswith
increasing values of thermal grashof number, mass grashof number and magnetic field. Hence, the velocity flow
field reduces with increasing values of Schmidt number, Prandtl number, reactive term, radiation parameter
and porous parameter.
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I.  Introduction

The investigation of mass and heat transfer in fluids has been considered extensively due to their
occurrences in several industrial applications by extension in chemical reactions, nuclear reactors, electronic
chips and semiconductors, space science and processes involving high temperatures. MHD is of great interest in
industrial applications. It is characterized by the observation of the magnetic field which improves fluid
viscosity and hence rises the flow resistance. Many works considered the effect of magnetic field on flow
structures in various dimensions.(Sahoo, 2013) examined heat and mass transfer effect on MHD flow of a
viscoelastic fluid through a porous medium bounded by an oscillating porous plate in slip flow regime, he
noticed that the inclusion of prandtl number decreases the speed of the flow field, where as the presence of
magnetic field increases it. (Dulal and Sukanta, 2018)analysedmagnetohydrodynamic convective-radiative
oscillatory flow of a chemically reactive micro polar fluid in a penetrable medium, they concluded among other
observations that velocity profiles increases with increase in time but it drops by increasing the values of the
viscosity ratio parameter. (Mohammad Al Zubi, 2018) studied MHD heat and mass transfer of a fluctuation flow
over a vertical permeable plate in a medium with chemical reaction, It was found that, augmenting the
permeability and chemical reaction parameters will lead to an increase in the fluid momemtum. The velocity
distribution increases as the magnetic field parameter declines and the concentration decreases as the schmidt
number increases. (Pradip and Abhay, 2016) investigated heat and mass transfer in a viscoelastic fluid through a
rotating penetrable channel with hall effect. (Balvinderet al, 2014) discussed hall current effect on walter’s
liquid model-B MHD fluctuation convective channel flow through a medium with radiation. (Kandasamy and
Khamis, 2006) presented the results of chemical reaction, heat and mass transfer on boundary layer flow over a
penetrable wedge with radiation in the influence of suction/injection. (Chamkha, 2003) described MHD fluid
flow of invariant stretched perpendicular permeable exterior in the presence of heat generation/absorption and a
reactive parameter. (Khadrawi and Al-Odat, 2005) analysed transient MHD free convection flow over a
permeable erect moving plate embedded in penetrable medium with uniform suction. (Attia, 2010) studied time
dependent MHD Couette flow of a viscoelastic fluid flow with heat transfer.

(Rajgopalet al, 2006) investigated oscillatory movement of an electricallyconducting viscous as well as
elastic properties fluid over a stretching sheet in saturated porous medium withsuction/blowing. (Reddyet
al,2013) studied MHDheatand mass transfer flow of a viscoelastic fluid pastanimpulsively
startedinfiniteperpendicular plate withchemicalreaction,(Kishore et al, 2013)described the effects of radiation
and chemical reactionontime dependent MHD free convection flow of viscous fluid pastanexponentially
accelerated perpendicular plate,(Pal and Mandal,2017) studied thermal energy radiation and MHD
effectsonpartition layer flowofmicropolarnanofluid past astretchingsheet with  non-uniform  heat
source/sink,(Sahooet al, 2003) studied magnetohydrodynamic unsteady free convection flow past an infinite
perpendicular plate with no variable suction and heat sink.
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Magnetohydrodynamic Oscillatory Viscoelastic Flow with Radiation and Constant Suction over a ..

The objective of this research work is to study MHD oscillatory viscoelastic flow of a viscous

incompressible fluid past a vertical porous plate with radiation and constant suction unlike the above literature

this work contains constant sunction in porous media.

This work seeks to address the behavior of MHD oscillatoryviscoelastic fluid flow with constant

suction.
The dimensionless governing equations are solved using analytical method.

Problem Formulation
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Figure 1. Physical configuration

The dependent 2D flow of an incompressible, viscous, electrically conducting fluid flow past an
infinite vertical plate located at the plane y= 0 is examined. The X'-axis is chosen along the plate in the
upward direction and Y’ -axis is taken perpendicular to the plate put through to a uniform magnetic field (see

Figure 1). The transversely applied magnetic field is assumed to be very small and negligible.

Time-dependent

wall suction is assumed to occur at the permeable surface. The viscous dissipations is neglected in this research
work and the free stream velocity follows the exponentially increasing small perturbation law. In addition, it is
assumed that the temperature, concentration at the wall as well as the velocity is exponentially varying with

time.

The governing equations of the system for the fluid flow are the momentum, mass concentration and energy

respectively (Equations 1, 2 and 3).

’ i 2.1 2 . BZ i ' . 3,/
W MOV Py g (T T )4 gp(C—C,) - TR U OO
ot oy oy 0 P k otoy 1)
' ' 21
oc_, L5 e
ot oy oy @
o1’ oT’ k °T" 1 o ,
Vo T 2~ qr,+Q0(To_T) (3)
o *oy pC, & pC, oy
The initial and boundary conditions are:
t<0:u'=0,C'=0,T'=0 forally
t>0:u'=ue“",C'=C_+(C,-C,)e"", 4)
T'=T,+(T,-T,)e*"
Assuming the radiativethermal flux from the Rosseland approximation (Boussinesq 1897), is
10, o ,_, ,
U
oy 3k (5)
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o is the Stefan Boltzmann, k™ is the mean absorption effect for thermal radiation constant. We assume that the

temperature differences within the flow are sufficiently small such that T can be expanded in a Taylor series

about T and neglecting higher order terms give
T =47T7/°-31"
Hence (5) becomes
o9, 160T2(T'-T))

oy’ 3k”
Substituting in (7) into (3) gives
oT’ oT’ k 0°T' 160T(T'-T/ ,
at! —Vo P C 2 3E*(TC w) +QO (TO -T )
oy" pC, oy pC,
Introducing the following dimensionless quantities
' 241 [2
u:u_ t 4'_4‘/4/ yVO,PI'— p S—4Q0 G — ﬂV(TO T)
U, 4y A v K A veu,
* _ 3.,2 * 2 2
Gczgﬂv(go C.) sc=V R 64a;|'0v ,koszVO,M:4GZBOV,
VU, D’ vk 14 Vo P
Q- éz‘rv*ﬁ:T —Tw’C:C -C,
VoK T,-T, C,—-C,
The equations 1, 2, 3 and 8 reduce to
2 M +a 3
Lou_ gy e CU_(M*3), K 0
40t oy 8y 4 4 8t6y
1oC_oCc_1oC k
40t oy Scoy® 4
100 20 _100 1, g,
40t oy Pr 6‘y 4
The initial and boundary conditions imposed are
t<0:u=0,C=0,0=0, forally
t>0:u=e“",C=¢“",9=¢€"",y=0

u—>0C—->06->0y—>x

(6)

(")

(8)

©)

(10)

(11)

(12)

(13)

Where Gris thermal grashofnumber,Gc is the mass grashof number, Sc is the Schmidt number, Pr is the

R
Prandtl number, and F = P_ R and k are the radiation and reactive parameters respectively. k0 is viscoelastic
r

parameter, a is the porous parameter and S is the heat sink/source parameter.

1. Methodology
Assumed solutions to (10), (11) and (12) in the form

u(yt)=u(y)e" (14)

C(y.t)=Cy(y)e" (15)

o(y,t)=6,(y)e" (16)

DOI: 10.9790/5728-1506052030 www.iosrjournals.org 22 | Page



Magnetohydrodynamic Oscillatory Viscoelastic Flow with Radiation and Constant Suction over a ..

whereU, (y),C, (y)and 6, (y)are to be determined. Substituting (14), (15) and (16) into (10) to (12) with the
boundary conditions (13) the following equations were obtained.

C/+ ScC{—%(kH;)Cl =0 (17)
" . Pr .
91+Pr¢91—Z(F+s+|§)91:0 (18)
kY, 1 .
1—|§Z u1+u1—Z(M +a+i¢)u, =-Grg, —GcC,
(19)
The boundary conditions are:
u=1C=16=1 aty=0 (20)
u —-0C —06 >0,y >
Solving equations (17) to (19) subject to the boundary conditions (20), we obtain
6(y)=e @)
C(y)=e" (22)
u(y)=e™ +ﬂ(e’by —e""y)+g(e’by —e7) 23)
h 7,
where
1 > ) 1 > .
a —E{PH\/(Pr +Pr(F +s+|§))}, ;/—E{Sc+\/(8c +Sc(k+|cj))},
b {1+\/{1+(1—'ﬁ<°j(M +a+i4’)}}/2(1—'é}°)
m, :(1—i§Tk°ja2 —a—%(M +a+i¢), n, =(1—i§Tk°}y2 —y—%(M +a+ig)
Substituting (17) to (20) into (10) to (12) and separating into real and imaginary parts we obtain
o(y.t)= e%(m”ocosg] cos(gt Y f,sin £j+ isin ((t Y f,sin gj (24)
2 2 2 2
1
f, = {(Pr2+ Pr(F +s))2 +¢? Prz}4 ¢ = tanl(—g J
Where Pr+ F +s
I ser flcosZ I ser flcosK
C(y.t)=e 2( chos(g”t—z flsinzjne 2( 2]sin(g“t—z flsinzj
2 2 2 2 (25)

1
f = {(802 + kSc)2 +g“28c2}4 W= tan‘l(scé‘:r kJ

where
Similarly,

u(y.t)=5(y)+i5(y) (26)
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where
5,(y) =€ cos(t-b,y) + o1 Al e cos(¢t—b y)_e_;[pmomg] COS(J -1y sin?j
r N+ A 2 2 2
+A2 ey Sin(é,t—b y)_ef%(PHfucos?’) sm({t y f sin ¢j Gc A3 by COS(g’[—b y)_e—%(Swflcos%]
2 2))| KA 2

XCOS(é’t—Xf sin — j -|-,6‘4 e_blysin(éft_b y)_sln(é,t_lf SianeZ(SHflcosgj
2 2 2 5 1>

— oY g _ Gr by _ _ %{owocosg) i ( _Y 5 Qj
5 (y)=e™sin(¢t bzy)+AL2+A22{AL[e sin({t—b,y)—e sin| ¢t 2f05|n2

—=| Pr+f, cos¢ Sc+ f; cos
—A{e % cos(¢t—b,y)—e y[ ]cos(gt—yf Sln¢jj} Ge 2{&& "sin({t—b,y)—e e

2 A+ A

Y Sc+flcos%
><sm(§t—§f sin%n—A{e‘biy cos({t—b,y)- cos({t—gf sin%)e 2{ ]J}

2
A:l pr2+2foprcosﬂ+fozcos¢+§koprf ¢ chofy =——=-sing |- (Pr+f COS— j 1 M+a
4 2 2 2 4 2 4
in?_
2

2
(ZPr fosin§+f02:~:in¢—§k°4Pr _g“kOPrf ¢ Shofo.

1 4
AZ_4 2 9% C°S¢] 4

A=

-l>||—\

Sc? + 2Scf, cos—+f cosw+ﬂ L& Sofi 2201 siny —E(Sc+f cos WJ—E(M +a)
2 2 2 4 2 2) 4

2cf, sin L+ 2 siny - ¢k,Sc’ _gkSeh, v Ckof? £2
2 4 2 A

y &
2 2 4

oS fl sin =
VT

-l>||—\

A, =

blz% 1+ f, cos L — oy 26in 2 b, = 82 > fzsinﬁ+§—k°(1+ fzcoszj
16+ ¢ %k 2 4 2 16+ %k 2 4 2

_ ) o1k (mra)| L
fz_{[l+M+a+ Z j+§ (1 4(M+a))},

Nusselt number

g(l—lz’(M +a)j

2k
1+M+a+2>2-2
4

n=tan™

_oop _1 ¢ il prsi in[ £
vl 2{Prcos§t+focos(2+§tj+|(Prsm§t+fosm(2+§tn}

(27)

Sherwood number
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ST Sccos§t+flcos(£+§tj+i Scsin§t+flsin(z+§tj
|, 2 2 2
’ (28)
Skin friction
L =0, +il,
y=0 S (29)
where

¢, =0,cosdt—1,singt, 0. =/¢,sindt+ 7, cosdt

£1=bl+ﬁ{ﬁ(bl—%(m+f COS— D AZ( fsmgj}
wra Al gl

_ Gr Lt sin? Lt cos? -
l,=h,+ A1+A2{A‘L(b f,sin j+A2(2focos2 blj}

+ﬁ{A{b2—§fsm j A4( fCOS%—blj}

I11. Results and Discussion

The differential equations (17) to (19) with boundary condition (20) is solved analytically using
perturbation technique and the computation was done using the MATLAB R2017a software package. The
solutions are obtained for the unsteady velocity field (26), temperature field (24) and concentration field (25)
respectively. The effect of each of the parameters present in the system are studied. The results are presented in
graphical form. It is supposedthat the temperature disparity is small enough so that the density discrepancies of
the fluidin the system will be negligent. (Mohammad, 2018)

Figure 2.depicts the discrepancy of the temperature profile for different values of the Prandtl number
with the field flow. It is observed from this figure that the temperature profile decreases as the values ofPrandtl
number increases. This is due to the fact that little values of Prandtl number increases the thermal conductivity
of the fluid flow and consequently heat is dissipated from the heated surface more quickly than for higher values
of Prandtl number. The presence of heat source increases the temperature of the fluid flow. (Mebarek-Oudina
and Makinde 2018)

0.6

Pr=0.31
Pr=1.0
Pr=3.0
Pr=7.0

Temperature

15 20 25
b

/4
Figure 2: Temperature variation with Prandtl numbers at {t = E
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Figure 3: Concentration variation with k at{t = E
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Figure 4: Concentration variation with Schmidt number at {t = E
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Figure 5: Velocity variation with k at {t = E
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Figure 11: Velocity variation with porosity number at {t = E
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Figure 12: Velocity variation with radiation parameter at {t = E

Figure 3 depicts the disparity of the concentration profile for variousvalues of the reactive parameter. It
is observed from this figure that the concentration profile decreases by increasing the values of reactive
parameter. It is also noticed that a destructive reaction greater than zero reduces the concentration profile.
(Sahooet al., 2003)

Figure 4 shows the discrepancy of the concentration profile for various values of the Schmidt number.
It is seen from this figure that the concentration profile decreases by increasing the values of Schmidt number.
This validates that the heavier diffusing species have a greater retarding effect on the concentration profile of
the flow field (Sahoo, 2013).

Figure 5 depicts the differential of the velocity profile for various values of the reactive parameter. It is
found from this figure that the velocity profile decreases by increasing the values of reactive parameter. It is
evident that the increase in the chemical reaction significantly alters the concentration boundary layer thickness
but does not alter the momentum boundary layers

Figure 6 shows the disparity of the velocity profile for various values of the thermal grashof number. It
is found from this figure that the velocity profile increases by increasing thevalues of Gr.TheGrashof number
signifies the relative effect of the thermal buoyancy force to the viscous hydrodynamic force in the boundary
layer. It is seen that there is a rise in the velocity due to the enhancement of thermal buoyancy force. (Sahoo,
2013).

Figure 7 shows the variation of the velocity profile for various values of the mass grashof number. It is
seen from this figure that the velocity profile increases by increasing values of Gec. An increase in Grashof
number Gefor mass transfer increases the skin friction and declines the rate of heat transfer. Gc is the ratio of the
species buoyancy force to the viscous hydrodynamic force.

Figure 8 shows the disparity of the velocity profile for different values of Magnetic field (M). It is
found from this figure that the velocity profile increases by increasing values of M. This is because when M
increases, it gives rise to a force called the Lorentz force which acts against the flow if applied in the normal
direction (Dulal and Sukanta, 2018).

Figure 9 depicts the disparity of the velocity profile for various values of Pr. It is found from this figure
that the velocity profile decreases by increasing values of Pr. if Pr increases, the kinematic viscosity of the fluid
dominates the thermal diffusivity of the fluid flow which leads to decreasing the velocity of the flow field. The
application of transverse magnetic field sets up the Lorentz force, which enhances the fluid velocity.

Figure 10 shows the variation of the velocity profile for different values of Sc. It is found from this
figure that the velocity profile decreases by increasing values of Sc. Increase in Schmidt number (Sc) causes the
skin friction to decrease and the rate of heat transfer to increase. Physically it relates the relative thickness of the
hydrodynamic layer and mass diffusivity. A larger value of Sc means presence of a heavier fluid hence decrease
in skin friction, and increase in the rate of heat transfer (Chamkha, 2003).

Figure 11 shows the variation of the velocity profile for different values of a. It is found from this
figure that the velocity profile decreases by increasing values of a.

Figure 12 depicts the differential of the velocity profile for various values of R. It is found from this
figure that the velocity profile decreases by increasing Vvalues of R. The radiation parameter R defines the
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relative contribution of conduction heat transfer to thermal radiation transfer. It is obvious that an increase in the
radiative parameter results in decreasing velocity and temperature within the boundary layer.

IV. Conclusions
In this research article, an MHD oscillatory viscoelastic flow with radiation and constant suction over a vertical
flat plate in a porous medium has been investigated. Some of the significant points of the present work are listed
as below:
(1) The effect of mass and heat transfer is not significantly affected by the viscoelastic parameter in the flow
region.
(2) Velocity is increasing with increasing Gr,Gc and M . Also, velocity reducing with increasing Sc, Pr, k, R
and a. The fluid temperature and concentration is reduced by increase in the values of Pr, k and Sc respectively.
(3) Increasing values of Magnetic parameter, Prandtl number, Grashof number for
Mass transfer and heat source parameter accelerate the flow past a heated plate but a reverse behavior is
experienced during the flow past a cooled plate (Dulal and Sukanta, 2018).
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