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ABSTRACT

The present paper deals analytically the influence of chemical reaction on unsteady MHD free convective mass
transfer flow of a viscous incompressible fluid past an infinite oscillating plate in presence of thermal radiation and
thermo - diffusion (Soret) effects. Cogly-Vincentine-Gilles equilibrium approximate model is incorporated in the
energy equation and the effect of first- order homogeneous chemical reaction has also been considered in the
species concentration equation. The governing system of partial differential equations subject to favorable boundary
conditions is solved in closed form by using one-sided Laplace transform technique. The influence of various
pertinent parameters on the velocity, concentration, skin-friction, Nusselt and Sherwood numbers of thermally
assisting, chemically reactive flow has been investigated through graphs and tables. It is observed that, the first
order chemical reaction reduces the fluid velocity, plate friction and fluid concentration but enhances the mass
transfer rate. It is also observed that, the fluid velocity, skin-friction and Nusselt number increase with rise in

parametric values of Soret number.

Key words: MHD Free convection, porous media, thermal diffasithhermal radiation, chemical reaction.

Nomenclature

BO Strength of the applied magnetic field

C Species concentration

Cp Specific heat at constant pressure

CV\; Species concentration at the plate

Cw Species concentration in the free stream

DM Co-efficient of mass diffusion

Dr Co-efficient of thermal diffusion

erf Error function

erfc  Complementary error function

F Chemical reaction parameter (Non-dimensjonal

Gm Grashof number for mass transfer

Gr Grashof number for heat transfer

k Thermal conductivity

K Permeability parameter (Non- dimensional)

K Permeability parameter (Dimensional)

K | Chemical reaction parameter (Dimensional)

Pelagia Research Library

87



S Sengupta and N. Ahmed Adv. Appl. Sci. Res., 2015, 6(7):87-104

M Magnetic parameter (square of the Hartmann number)
Nu  Nusselt number
Pr  Prandtl number
Radiation parameter
Laplace Transform parameter
Schmidt number
Sherwood number
Soret number
Time variable( Non-Dimensional)

Time variable (Dimensional)

Fluid temperature
Temperature at the plate

Temperature in the free stream

First component of fluid velocity (Non-Dimeasal)
First component of fluid velocity (Dimensional)

| < = ~ TRy g

u
U Laplace Transform of Lﬂ =L (u)

UO Mean plate velocity / Scale of plate velocity

y y-— Co-ordinate (Dimensional)
7 y — Co-ordinate (Non-Dimensional)

Greek Symbols

,3 Coefficient of thermal volume expansion

*
,8 Coefficient of solutal volume expansion

O Fluid density

Kinematic coefficient of viscosity
Electrical conductivity
Non-dimensional temperature

Laplace Transform df, 0 = L(6)

Non-dimensional species concentration

Laplace Transform off , ¢ =L (@)
Skin - friction (Non-dimensional)

QNS R @ 20

Frequency of Oscillation (Dimensional)

Phase angle (Dimensional)
Phase angle (Non-dimensional)
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Subscripts

W Condition on the walls
c  Free stream conditions

INTRODUCTION

Many problems in nature are time dependent as snsteady free convective flow past infinite or sémfinite
plate has got an important place in research duésteignificant technological applications. StoK&$ initially
studied unsteady flow by considering internal faot of fluids on motion of pendulum. Soundalgek&] [
investigated free convection effects on Stokes lpralfor a vertical plate. Perdikis and Takhar [8hsidered the
free convection effects on flow past a moving attiinfinite porous plate. In recent times, freewective mass
transfer flow has become more significant, as ffeces of heat transfer along with mass transferthe dominant
features in many engineering applications sucloeket nozzles, cooling of nuclear reactors, higtksiin turbine
blades, high speed aircrafts and their atmospherentry, chemical devices, process equipmentHdssain and
Mandal [4] studied the effects of mass transfer fied convection on unsteady MHD flow past a vattjgorous
plate with variable suction. Gokhale and Sammancfsisidered the effects of mass transfer on thesigat free
convective flow of a dissipative fluid along a senfinite vertical plate with constant heat fluxn@nhe other hand,
flows through porous media are very much prevalentature and therefore have become of principarést in
many scientific and engineering applications. Dwe many applications in engineering, geophysical and
astrophysical problems which combine heat and ntemssfer by free convection in porous media, variou
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researchers were attracted to this field for sé\dweades. A comprehensive review of the studyoofvective heat
transfer mechanisms through porous media in reldtiche applications to the above areas had beele iy Nield
and Bejan [6]. Anghel et al. [7] studied free corti@n boundary layer flow over a vertical surfacebedded in a
porous medium. The case of MHD free convective hadtmass transfer flow past a vertical flat piatédedded in
porous media was considered by Alam and Rahman [8].

Earlier it was considered that, the mass transfeurs only due to concentration gradients. Butrdfte pioneering
work of Eckert and Drake [9], researchers beliehat,t in presence of high temperature gradientcispe
transportation may also take place. The processask transfer that occurs by the combine effect®ntentration
as well as temperature gradients is known as tHatifiasion or Soret effect. Significant work in & effect was
made by Platten and Chavepeyer [10], who investtah oscillatory motion in Benard cell. Besidess dlforesaid
works, some more notable contribution in this rdgare made byJha and Singh [11], Dursunkaya andek\d2],
Kafoussias [13] El-Aziz [14], Afify [15] and Hayat al. [16] etc. Recently, Ahmed et al. [17] oh&d the closed
form of solution for problem relating to MHD fre@mvection heat and mass transfer flow past anlasog plate
with Soret effect.

Many processes in engineering as well as in inglustcur at very high temperatures and so knowledgadiation
heat transfer becomes very significant. Cess [i83stigated radiation effects on free convectivat transfer flow.
The radiation effect on a natural convective flofaan absorbing emitting liquid was considered bybdtay et al.
[19]. Sattar and Kalim [20] had investigated undiedree convection interaction with thermal radiatiin a
boundary layer flow past a vertical porous platee Tase of unsteady flow in presence of radiatimh \ariable
viscosity on a MHD flow past a semi-infinite flalgpe with an aligned magnetic field was studiedSmgldeek [21].
The free convective flow with thermal radiation amdss transfer past a moving vertical porous plae studied
by Makinde [22]. Manivannan et al. [23] investightthe effect of thermal Radiation on an isothernetical
oscillating plate by considering variable mass sfon and Chemical reaction.

The study of heat and mass transfer with chemieattion is of considerable importance in the chaménd
hydrometallurgical industries. Chemical reactioren cbe codified as either heterogeneous or homogsneo
processes, which depends on whether they occur iatexface or as a single phase volume reactiba.férmation

of smog is a first- order homogeneous chemicaltimacCombined heat and mass transfer with chenézattion
have been studied by various researchers like Mutharaswamy and Ganesan [24], Chamkha [25], Raptis
Perdikis [26], Postelnicu [27] etc. Muthucumaraswaen al. [28] investigated first order Chemical ¢gan and
MHD effects on flow past a vertical oscillating f@an presence of thermal radiation.

The aim of the present paper is to investigatectrabined effects of thermo - diffusion (Soret),rthal radiation
and first order chemical reaction on MHD free cartikee mass transfer flow past an infinite ostiflg plate,
embedded in porous media. The present study fipgtications in many chemical as well as dyeing stdas
besides the outcome of the work can be used tolafeveany complex situations in the theory of haad aass
transfer of related studies.

2. Mathematical formulation of the problem:
A co-ordinate systemx , y') is introduced, with itsX -axis along the length of the plate in the upwaedtival

direction andy -axis perpendicular to the plate towards the fheigion. Since the fluid is electrically conductirag,
uniform magnetic field of small strength is applied normal to the plate directed to thedflcegion. As the

magnetic Reynolds number of the flow is considdrele less compared to the applied magnetic ftakl strength
of the induced magnetic field can be neglectedntydoussinesq approximation and considering althee
effects, a fluid model is developed in terms ofyateam of partial differential equations combinedhna set of
favorable initio- boundary conditions as:

Momentum Equation

ou 0°U - 0= = oB? v \_
ot~V gyr P 9P ~T)+ apiC - CL) ( 5 Kj @
Energy Equation

oT _ k _9°T _ 1 0qg
ot  pc, 0y* pc, 0y

)
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Species Continuity Equation
oC 9°C 0°T

+D - K,(C-C 3
ot ay? T oy? ! -) )

Subject to theinitio - boundary conditions as:
U=0,7T =7.,C = C_ ,foreveryy whent =0
u=ycosek , T=T ,C=C  aty=0whenf>0 4)

U—»O,f—»i,c aéw,for)_/ — o whent o

Assuming that the medium is optically thin withately low density and following Cogly — Vincentin- Gillies
[29] equilibrium model, the heat flux is quantifiad,

a& =41 (T -T 5

= =41"(T-T.) (5)
. F oe . *k

where, | = ,(';(kf )V\; [—6% wa dA

andkf is the absorption co-efficienebf is Plank’s constantd” represents wave length.

On using (5) in (2) gives,

or _ 0T .= =
pcpa—t_=kﬁ—4l (T-T.) (6)

We now introduce the following non-dimensional qités as:
_yu fu? a 1 2 LgB(T. -T. LgB“(C . -C,
y=Yo (oW T Rus g L9 T o LOB'C, -C.)
v vV Uy v? U Uy

The non-dimensional form of equations (1), (6) é3idare,
du _0°u
ot dy?

+Gréd+Gme- M u (7)

2
r%: gyf - RO (8)

2 2
Sca—(”:a (2p+SrSca f—Fcho 9)
ot ady ay

where,[\/|1 =M +%
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The corresponding non-dimensional initio-boundargditions are:

u=0, =0, = C for everyy when t=0

u=cosut , @= 1,¢= ' aty=0 when t>0 (10)
u-0,8 -~ 0, ¢ —~ 0, fory - @ whent>0

3. METHOD OF SOLUTION:
To solve the system of equations (7), (8), (9) sabjo (10) in closed form we prefer to use angrdaetransform
method in terms of one - sided Laplace transforime Taplace transform of the equations (7), (8) édare

obtained as:

d?a

-(s+M,))a= ~Grd -Gmg (11)
dy’
d?é

-(R+sPrd=0
dy ( ) (12)

)
d’ - (F +s)Sc¢)——SrSc(; 9 (13)
Subject to the relevant conditions as,
~ 1

G(0, 0 @l 0s)==
0(0.9)= = 8(05) =< #(0s) }
(i(e0,5) =0,0(c0,) = O,@(oo s)=C (14)

Solving equations (11) to (13) subject to (14) &ordPr # Sc (Pr, Sc# 1) we get

expCys+M; )+ Gr XpEy/s+M, » exp{-ymr}+

s(Pr-1)(H + )1

=r (1+ 22 j{exp(—y\/s+M1)—expey\/F+s)sc}+

~ S
U(y.s) = oz

s(Sc-1)(I +s)| - (Pr-Sc)G +5s)
FrEee i h e s PP VRTSP- expty 5T M, )+

S SC)(SrSfTE(rle D x{exp(-y\/s+M,)- expty F +s ke } (15)
6(y,s) = 1e><|0(—mer) (16)
oy, S)-—exp( yy/ F +s)Sc )+ s Sc)(G+ )1 exptyy E+s ¢ > exptyVR+s P

+ (Pr—srsi(zr+ S){exp(—y«/ (F +s)sc)- expEtyvR+s Pr}) a7)

Also, for Pr=Sc (Pr, Sc£1) andRZ FSC we get,
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L](y,s): exp(—y«/s+M )+ (R v ){exp6y1/5+M > exptyvR+s P|})+
Gm SrcR
SF-M) {1+ R- FSC)j{exp(—yw/s+ M, )- exp€y. E+s B }+
SSGmPr&c
(R-FSo)(R-M.) X{exp(—y\/R+ sPr)y- exptyy M, +s } (18)
a(y, s)——exp(-y\/FT) - FSC){ exptyy E+s B ) exptyVR+s P+
ﬂ{exp(—y«/ (F +s)Sc)- expEyvR+s Pr} (19)

s(R-FSc)

On taking the inverse Laplace transform of equatidr), (16) and (17), we obtain fér # Sc, (Pr, Sc # 1) as:

_1 : Gr 1 SR
u(’71t)_ 4(A.5equm)+ A16 eXp(‘|CLI)+ 2(Pr_ 1)A30+ m|: 2&: 1)A42+ Z(P'F& {& S- a8 5)+
SSPr 1 1
e A A A | (20)
9(/7,t):1{exp( mﬁ)erfc(qﬁﬁ \/E]+ ex;é— ax/ﬁ)erfc(q\/_Pf\/EH (21)
2 Pr Pr
1 SR SXPr
D)= At (A~ A= Ayt A+ — A Ay,
A10= 2 Art o gy Ao~ A Asit A 2(P.=5c§ } oo @
Also, on taking the inverse Laplace transformaiations (18) and (19) we get fer=Sc and R# FC as:
_1 . Gr ; Gm a \
u(y,t) = 4[A15 expiat )+ A, eXpHa)t]+ 2(R-M,) Go—Ap 1 Z(F—SC— M,) G~ Ag)
SrScGmR 1 1 SrScGm
+2(R—F8c)x[|28c—|v|l(p“ Aar) R—Ml(AZZ A“’)}rz(R—F&;)><
1 1
{T_Ml(p\ss_p‘sg)"' R—Ml(A7O_A68)j| (23)
1 SR S Pr
=S A+ —— (A A PY=r A
W10 =2 Art 5 e —rer (A~ At _FSC)[ d (24)

Rate of heat transfer coefficient:
The rate of the heat transfer coefficient in teoheon-dimensional Nusselt number is calculated as:

w5 A (VB el ) e

Rate of mass transfer coefficient:
The rate of the mass transfer coefficient in teofnson-dimensional Sherwood number is given by:

Sh = —i(a_wj
Scloy ),

ForPr +# &, it gives,
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SPro, SR
Pr-<c % G(P-%)

——( B,)+ B, .G#0) (26)

ForPr = S, we obtained as,

1 S Pr SR
Sh=—(-B B,-B B..(RzZF< 27
SC( 2) ¥ R- FSC( 9)+ -F s ( ) @7

Skin- friction at the plate:
The non-dimensional skin-friction co-efficient hetplate is given by,

_(auj
T = | —
0y ), o

For Pr # Sc(Pr, Sc#£1), the skin-friction is calculated as:

1 . Gr
Iy = E[ B, explat )+B,, expfiat }"’ Pr 1Bls+

(BZO + BZl) +

Gm +GerSCR{
&-1

-1 P

(Pr1 TR } Gﬁssccpr{ (5c1— n (Pi 1) } =
Also, forPr = Sc andR# F&c it is obtained as:

T, :%[Bwequm )+B,, exptiat )+ - Bl)+FC_;—nI\1/|1 B,-B,)» GfFS;R[ - 1M1 x
(B,-B,) —ﬁ(slz— B])} " Gsf’?;r{ - -1|v|1 (B,.~B,) +R_—1Ml(528— 26)} (29)

RESULTSAND DISCUSSION

A theoretical study of the influence of first ordehemical reaction on the free convective flow ofiscous
incompressible fluid through an oscillating plateniersed in Darcian porous media with consideratiothermal
radiation and thermal diffusion has made. In otdeget physical insight into the problem, the dision in terms
of graphs and tables for the velocity and conegiatn fields, viscous drag, rates of heat and rmassfers at the
plate have been made by assigning appropriate meaehealues to the parametdwK, Pr, F, R, Gr, Gm, &, <,
wt 1] w, tand Y. The numerical simulation involved in the propo$enulations is carried out in MATLAB

7.1 and for coding ofrf (2) anderfc (2), the works of Leutenegger [30] has been followedhe present study, air

is considered to be a primary fluid (solvent) andptoduce a significant effect on mass diffusiomme fluids,
considered as secondary (solute) such as Hydrdgeer vapor, Oxygen and Ammonia, have been diffused
through air. Throughout the discussion, the vahfeSchmidt numbersc) of the corresponding secondary species
are taken as 0.22, 0.60, 0.74, 0.78 and the Prandtber Pr) of the diffused fluids are taken as 0.71, whikame

as the Prandtl number of air at temperature 296@dd atmosphere of pressure.

Table 1 expresses numerically the variation of heansfer rate quantified by Nusselt numblerdue to changes in
values of thermal radiation parameRagainst time for fixed values oPr =0.71M=0.5,K=0.5, Wt=n/2, §=0.5,
$=0.22,Gr=5.0,Gm=2.0, W= 7.857,F=1.0, 7 =0. It is observed that an increase in valueR ofitially increases

heat flux near the plate which helps in rising heatsfer rate sharply and thereafter falling dieéar away from
the plate. The parametric effect of chemical rieadt on Sherwood numbeh is numerically shown in table 2 for
a set of fixed values &?r =0.71,M=0.5,K=0.5,t= n/2, §=0.5,5=0.22,Gr=5.0, GnF2.0, W= 7.857,R=1.0,7

=0. Due to the presence Bf the rate of mass flux increases, which resulttelerate the mass transfer rate.
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Tablel.Numerical valuesof Nusselt number Nu for different values of Radiation parameter R against arbitrary valuesof t

t R=1 R=2 R=3 R=4

0.2 0.9965 1.5877 2.0959 2.5384
0.7 1.3918 1.9761 2.4320 2.8137
1.2 1.4508 1.9983 2.4406 2.8171
1.7 1.4477 1.9952 2.4398 2.8169
2.2 14352 1.9930 2439 2.8169
27 14248 1.9922 24395 2.8169
3.2 1.4179 1.9920 2.4395 2.8169
3.7 14137 1.9919 24395 2.8169

Table 2.Numerical valuesof Sherwood nhumber Shfor different valuesof Chemical reaction parameter F against arbitrary values of

timet and for fixed values of

t F=2 F=3 F=4 F=5

0.2 3.6475 4.4842 5.3399 5.5299
0.7 3.1543 4.0009 4.7265 5.0467
12 3.0479 3.8033 4.4294 4.8481
1.7 29959 3.7074 4.3004 4.7680
22 29692 3.6632 4.2454 4.7347
2.7 29558 3.6433 4.2215 4.7204
3.2 29492 3.6342 4.2109 4.7140
3.7 29459 3.6301 4.2062 4.7112

In figures 1 and 2 the parametric effects of SclimigmberSc and first order chemical reactidh on the non-
dimensional species concentratiptior different values of normal distangéhave been depicted for a set of fixed
values ofSr= 0.5,M=0.5,K=0.5,R=1.0, t=n/2, t=0.4,F=1.4,Gr=10.0,Gm=0.0 as well a&c=0.22 (fig. 1) and
Pr =0.71(fig. 2). It has been observed that thedasing effects ofSc andF are to decrease the concentration
profiles, which is consistent with the fact thatr@ase in both the values & andF followed by a decrease of
mass diffusivityD ,, , which results in the decrease of concentratioainbary layer thereby reducing the species

concentration. Hence concentration of the spesiésgher for small values & andF, lower for larger values of

Sc as well ad-.

-

concentration

14

0.9\

0.8

0.7

0.6

0.5
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0.3

- = - Sc=0.22
—— Sc=0.6

Sc =0.78
—5 - Sc=0.96

. .
0.2t \ .
0.1F D \\ T

S e .
il . i SN .
0 0.5 1 15 2 2.5 3 3.5 4 4.5

normal distance _

Figurel. Graph of Species concentration (¢) against Schmidt number (Sc)

Figures3 and 4 demonstrate how the rate of floabisence of mass buoyancy paramé&mrand thermal buoyancy
parametelGr are affected by the change of phase aagl@gainst normal distange for an arbitrary set of values

of Pr =0.71,S = 0.5,M=0.5,K=0.5,R=1.0,Sc=0.22,t=0.4,F=1.4. It is seen that as the phase angle decraases,
influence of the buoyancy forces on the flow inse=g results of which increases the flow rate &nd tccelerate
the fluid velocityu.
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Figure2. Graph of Speciesconcentration (¢) against chemical reaction parameter (F)
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Figure3. Graph of Velocity (u) against phase angle for Gr=10.0, Gm=0.0
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Figured. Graph of Veocity (u) against phase angle for Gr=0.0, Gm=10.0
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The parametric effects of Prandtl numBerand thermal radiation paramefon fluid velocityu for various values
of  are shown in figures 5 and 6 for a set of fixetbea ofS = 0.5,Sc=0.22,M=0.5,K=0.5, R=1.0 (fig. 5),
Pr=0.71(fig. 6),t=0.4, F=1.4, Gr=5.0, Gm=2.0, Wt= n/2. The presence of bo®r andR is seen to retard the
motion. Due to the increase in valuesPof viscous forces become prominent which resulthéndecrease of flow
rate thus reducing the value af The thermal radiation parame®ereduces the thermal buoyancy force by
minimizing the thickness of the thermal boundamgelta which results in decreasing the velocitytwf flow.

1.4¢
Pr=0.71
1.2r --—- Pr=20
— Pr=50
1t Pr=7.0

0.8f [/

-

0.6f |
0.4

0.2

07

0.6

0.3

0.4

0.3

0z

0.1

0 0.5 1 15 2 25 3

n —=*

Figure6. Graph of Veocity (u) against thermal radiation parameter (R)

The schematic representation of the effects oftSarmberS, Schmidt numbegc, chemical reaction parameter
and magnetic parametlt on the non-dimensional velocityfor different values of have been shown in figures

7 to 10 for fixed values d?r =0.71,R=1.0,

M=0.5,K=0.5, Wt= /2, Sc=0.22,t=0.4,F=1.4,Gr=10.0,Gm=5.0 as well as Sr=0.5(figs 8-1(; =0.22 (figs 7, 9,
10), F=1.4(figs 7, 8, 10) M=0.5(figs 7- 9). It idbserved from these figures that the velocity of thed gets
accelerated by the rise in values of Soret numbet,retarded due to increase in values of Schmishhber,
magnetic and chemical reaction parameters. Thendiiteation in values ofS produces a raise in the mass
buoyancy force which results an increase in theevafu.

Whereas, due to enhancement in the valu&s ahd F, the concentration near the plate gets declinehvigsults
in reducing the thickness of the concentration loauy layer, thereby minimizing the mass buoyanagdoand
affecting the flow rate by diminishing the valuieuo

96
Pelagia Research Library



S Sengupta and N. Ahmed Adv. Appl. Sci. Res., 2015, 6(7):87-104

1.2
—x= Sr=1
. —=— Sr=3
1t TN —-e- Sr=6
= Y . Sr=9
/R0
0.8 f A \;
1 ?/ X\x N
\
.
2 o6l | AN,
o [ R
2 ‘ -
,{ N
0.4 RN
F x\:\ h .
[ NS N
o.2—f yi\:\ﬂx‘\
~ 5o %
SReogee
o \ \ \ \ RS S = N
0 0.5 1 1.5 2 2. 3 3.5 4
normal distance _,
Figure?. Graph of Velocity (u) against Soret number (Sr)
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Figure8. Graph of Velocity (u) against Schmidt number (Sc)
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Figure9. Graph of Velocity (u) against chemical reaction parameter (F)

The presence of magnetic paraméfiegenarates an electric field in the flow, which proes a resistive force in
terms of Lorentz force,thus results in deceleragefiow rate and minimize the value wof
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FigurelO. Graph of Velocity (u) against magnetic parameter (M)

Figures11 and12, show graphically the parametfaxcesf of Soret numbe® and chemical reaction paramekeon
the skin — friction 7 against time for a set of fixed values ¢¥r =0.71,R=1.0, M=0.5,K=0.5,t= /2, Sc=0.22,
Gr=5.0,Gm=2.0, = 7.857, as well a&=0.5 (fig.12) and==1.0(fig.11). It is observed that initially wheql (O,
0.53], the value off increases aS increases, which results in raising the frictiosffect and thereafter wher
0.53, the value df diminishes i.e the plate friction decreases. Hlg observed that, the presencd-aghinimizes
the effect of viscous drag and the effect of viscdrag diminishes as time progresses.

14 ¢
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S sr=2.0
12y \ e sr=30
8 -~ sSr=40
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2 1 1 L 1 |
0 0.2 0.4 0.6 0.8 1

Figurell. Graph of Skin-friction (7 ) against Soret number (Sr)

The influence of Soret numb& on the mass transfer rate quantified by Sherwagdber Sh against timet is
demonstrated in figurel3 for fixed valuesRyf=0.71,R=1.0,F=1.0,Sc=0.22. The presence & enhence the rate
of interfacial mass flux from the plate towards fhed region, which results in increasing the \edwfSh and thus
accelerates the mass transfer rate.
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Figurel3. Graph of Sherwood number (Sh) against Soret number (Sr)

Comparison of Results:

To achieve accuracy of the present work, we comgange of the results of the present paper withetlaosilable in
the literature. As the present paper deals with-atimensional MHD free convective mass transfewfthrough an
oscillating plate in presence of thermal radiatifirst order chemical reaction and thermal diffusithe works of
Manivannan et al. [23] and Muthucumaraswamy ef28] have been chosen for comparison with the pitasaper.
The work of Manivannan et al. [23] concerns witldisdion and chemical reaction effects on isotherasatical
oscillating plate with variable mass diffusion, wba&s Muthucumaraswamy et al. [28] investigatederntal
radiation and MHD effects on flow past a verticalcitlating plate with chemical reaction of firstdar. The
following observations have been made:

In both figure 14 (Manivannan et al. [23]) and figu5 (present paper) with the fixed parametrici@alof & = 0,
M, =0,S= 0.6,F=2.0,R=5.0,wt = n/4, Gr= 5.0,Gm=5.0,Pr = 0.71, it is clearly seen that as time progresbes,

fluid velocity increases, attains its maximum vahear the plate and steadily declining far awaynfitie plate,
indicating buoyancy effects near the plate.

99
Pelagia Research Library



S Sengupta and N. Ahmed Adv. Appl. Sci. Res., 2015, 6(7):87-104

0 A A A A A A A A A
0 02 04 06 08 1 12 14 16 18p2

Figureld.Veocity profiles Vsnormal distancesfor different values of time considered by Manivannan et al. [23]
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Figurel5. Velocity profiles (u) Vsnormal distancesfor different valuesof time (t) for the present paper

The figurel6 (Muthucumaraswamy et al. [28]) andifig 17(present paper) for a set of fixed valuesasf 0.6,
R=10.0wt = n/4, Gr= 2.0,Gm=2.0,Pr= 0.71,5=0.0,M=0.2,K - 0, t=0.6 shows that due to increase in first order
chemical reaction parametdf)( the flow rate is retarded, thereby reducing ¥ieéocity of the flow, indicating
decrease in mass buoyancy effect near the plate.
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Figure 16.Velocity profiles Vs normal distancesfor different values of time considered by Muthucumaraswvamy et al. [28]
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Figurel?. Velocity profiles (u) Vsnormal distances against various values of time (t) for the present paper

Hence, a reasonably good agreement of the rehtitsned by Manivannan et al. [23] and Muthucumaeasw et
al. [28]with that of the present work are estaldih

CONCLUSION

A theoretical analysis is performed to study thituence of thermal diffusion, thermal radiation afir$t-order
chemical reaction on unsteady MHD free convectioes fpast a vertical oscillating plate immersed arqus media.
One-sided Laplace transform method is applied teesthe governing system of partial differentialuatijons in
closed form. The following conclusions can be drdsm the study as:

¢ Increase in phase angle and Prandtl number retaediow.

* The fluid velocity is found to accelerate due torgase in Soret number, whereas reverse phenomepaserved
under the influence of Schmidt number, magnetictardmal radiation parameters.

* The thermal diffusion (Soret) causes the skirttifsh to rise in a small interval of time

and thereafter decreases as time propagates.

* The rate of mass transfer accelerates in presdriseret number and becomes steady as

time propagates.

* Presence of chemical reaction reduces the fluidcitgi, plate friction and fluid concentration, whienhances the
mass transfer rate. So, it is possible to contelffow rate as well as the surface friction tlgloehemical reaction.
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Appendices

G= Fl:_':sc H = RP"er 1= FSC_—Mll A, =exp( 2 M, 1w )erfc(n + M, +iw))
,=expl-27,/ M, +|w))erfc(/7—«/(l\/ll+iw))Al3:exp(27\/m)erfc(/7+\/m)
-exp( 2 M, —iw) Jerfe(n - M, =iw) ) As = A+ A A = At Ay,

A, =exp(27M t)erfc(n +M 1) A, = exp(-27/M t)erfe(n - YM ). Ag= A, + Ay

(217x/_)erfc(/7\/_r+\/7] A“:eXp(_mm)erfC[”m_\/EJ'AZZ = Ayt A,y

Am:exp(z;\/wu—H X)erfe(n + M, = H X) Ay, =exp(-27{/ M, = H X )erfe(n - M, - H })

Ars = exp(-Ht)(A,; + Ay,) A26:exp(2f]./(R—H Pr))erfc(n\/?ﬁ,[(R_P%r)tj

Ay, = exp(- 217\/(I?T)erfC[/7\/_r \/7@}"“28 = Ayt Az7'A29 = exp(Ht)A,

Aso :Hi(Alg_ A= Agst Azg)’A31 = eXp(?ﬂm)erfc(/] +m)

Ay, =exp(- 27 M, =1 Y Jerfe(n =M= 1Y), Ay = exp(-1t) (A + A,)
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A, :IE(AN_ A Ags = exp( mm)erfc (/7\/§+ \/ﬁ)

A, = exp(—mm)erfc(nﬁ—\/ﬁ)ﬁy = A +A,

A= exp( 27 E 180 et (SE + V& 1) Ao =exp{ =27 € =1 Bt erfe{ /S = € -1

Ay = expIt) (A + Ag), A, = %(AN - A A = Ay Ay

Aww = exp( 27 M =G X Jerfe(n +m),AM :exp(—mm)erfc(n—m)

A, = —Gt)(A,+ A,), 1 1 A Al.
45 exp( )(A s ) A = I(G |) Azl A, G(G—I)(Alg AL

A=A A,; A, = exp(2/7«/(F - G )Sct )erfc(n\/§+«/(F -G l)
A;o=exp(—27\/<F —G)ct )erfe(nv/Sc—[F~G } ). A, =expEGt) (A, + Ag,)

1

Ae ™ I(G iy o™ A A= g Ty (A A Asa = Asa ™ A

Ae = x| mm)erfc(m/_PH JE-SPx J Ay = expl- mm)erfc(nﬁr—\/@J

Ay = eXPEGAss + Ase). A= (= A Av= e (A=A,

Ao = A= A Ay = s (A= A A= g (A= A A= AuAg

A= g (A A A= (A A) A= gy (A= A A = (A AL
DA, = t\/%exp[—(Mlt+Z—:D: A, = i/\/\/%exp[—(Ft+ thSCD

e (52 1) o 2]

= —(ﬁ erf (x/ﬁ)+\/%exp(—Ft)J’ Q:—exp(—G{\/(F—G)Sc af (\/(F—G))+\/§ exf- F—GD)J :

B, = —exp(—Gt)[\/R—G Prerf [ ,(R—PGrPr)thr\/zr ex;{—(R_Sfr)j] .B;=B,-B,.B,=B,~B,. B,=B,-B,
JPr R) ., . V& _ _ _
B = 2t\/L Erj B, = It eXp(_Ft)'QO:—(JM1+|wef (\/(M1+|a)t)+1exp(—qv|l+|a)))j-

Bllz—(\/m) erf( (Ml—iw)t)+ﬁexp(—(Ml—iwl J B, = —(\/_erf (\/_) \/%exp(—M 1‘[)) ,

B)‘—exp(Ht{\/(Ml et (0,7 HY)+— et W~ HD)jBu‘-e)@ﬁH{x/R——reT[\/m] ( xé f-H P'Djj
%:—expelt{J et (/84 1)) +-- o 1 o)j Bw:—exp(—lt)[\/(F—l 5 et (JE17) [ enf- £~ p)]'

%:—eq:(—G(\/Nll_—Gef(V )\/—WM Ij) Z% Bl_Bl3+Bu)’Blngl(Blz_Bls_Bz+B19’

_ 1 1 1
B —m(512—515—52+ B, lezm(Bu_ B,*tB,~BJ'B, :m(Bl_ Blu=Bp+ By

1 -1 =_1
st:G(G_H)(Blz_Bl+B4_Bu)’ Bz4_a(83+815 16~ B By = fH(Bl4_B4_Bla+Blg’
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1

t/7it

Bze =

1 1 —
exp(-Mt) B, :mexF’(_H) ' By :meXp(_Rt) » Byy =By~ By By =By~ By
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