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ABSTRACT

An attempt is made to study the effect of heat and mass transfer of an unsteady rotating flow of an incompressible
and electrically conducting fluid past an uniformly accelerated infinite isothermal vertical plate embedded in a
porous medium, in the presence of a uniform transverse magnetic field, heat sink and chemical reaction. The
dimensionless governing equations are solved using Laplace transform method. It is observed that the velocity
increases with increasing values of thermal Grashof number or mass Grashof number. The permeability of the
porous medium accelerates the velocity whereas the heat absorbing coefficient decelerates the velocity of flow
field at all points. Further, it is found that the chemical reaction parameter has a retarding effect on velocity and
concentration profile.
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INTRODUCTION

The influence of magnetic field on viscous incongsible flow of electrically conducting fluid has ilmportance
in many applications such as extrusion of plastiche manufacture of rayon and nylon, purificatafrcrude oil,
pulp, paper industry, textile industry and in diffet geophysical cases etc. In many process indsisthe cooling
of threads or sheets of some polymer material$ importance in the production line. The rate obliog can be
controlled effectively to achieve final productsdesired characteristics by drawing threads, atthé presence of
an electrically conducting fluid subject to a maiméeld. MHD plays an important role in agricutey petroleum
industries, geophysics and in astrophysics. Ingmbrapplications in the study of geological forroat are in
exploration and thermal recovery of oil, and in #ssessment of aquifers, geothermal reservoirsiaddrground
nuclear waste storage sites. MHD flow has applbicath metrology, solar physics and in motion oftke'arcore.
Also it has applications in the field of stellardaplanetary magnetospheres, aeronautics, chemigaleering and
electronics. In the field of power generation, MhDreceiving considerable attention due to the ipdgges it
offers for much higher thermal efficiencies in poywéants.

MHD flow with heat and mass transfer has been gestilnf interest of many researchers because ofaited
application in science and technology. Such phemmmeis observed in buoyancy induced motions in the
atmosphere, in water bodies, quasi -solid bodieb s$ earth etc. In many transport processes ®xigii nature
and in industrial applications in which heat andsm#ransfer is a consequence of buoyancy effectsedaby
diffusing of heat and chemical species. An impdrtelass of two dimensional time dependent flow peob
dealing with the response of boundary layer to retleunsteady fluctuations of the free stream \gloabout a
mean value attracted the attention of many resessch

In natural processes and industrial applicationeynteansportation processes exist where transfaeaf and mass
takes place simultaneously as a result of thernfldsibn and diffusion of chemical species. There aany

transport processes that are governed by the caaldotion of buoyancy forces due to both thermal mass

diffusion in the presence of chemical reaction@ff@hese processes are observed in the nucleaoreafety and
combustion systems, solar collectors, as well aslinegical and chemical engineering. In nature, pnesence of
pure air or water is impossible. Some foreign nmaag be present either naturally or mixed with tlieoawater.
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In recent years, MHD flow with heat and mass trangf presence of chemical reaction are of impaean any
practical processes such as distribution of tentperaand moisture over agricultural field, enengnsfer in a wet
cooling tower, in method of generating and extragpower from a moving fluid. So many researchensettaken
interest in study the above effects; Rajeswarileflh studied chemical reaction, heat and masssteanon
nonlinear MHD boundary layer flow through vertigairous surface in the presence of suction. Cheméeaition
and heat generation or absorption on double diffusionvection flow from vertical truncated conearporous
media with variable viscosity is studied by Mah@y. [Pal and Talukdar [3] have studied perturbatoalysis of
unsteady MHD convective heat and mass transfeoiméary layer slip flow past a vertical permeatllktg with
thermal radiation and chemical reaction. Furthereffect of thermal radiation and heat and magsstea flow of
a variable viscosity fluid past a vertical porouate in presence of transverse magnetic field waestigated by
Makinde and Ogulu [4]. Aziz [5] theoretically examed that a similarity solution for a laminar thetrbaundary
layer over a flat plate with a convective surfacaifidary condition. The effects of transversely egphmagnetic
field on the flow of an electrically conducting itlupast an impulsively started infinite isothermaltical plate is
studied by Soundalgekar et al [6]. Radiation angingical reaction of convective fluids in presencéneét source
within a porous medium are of great practical int@oce in geophysics and energy related problem ssch
recovery of petroleum resources, cooling of undergd electric cable, ground water pollution, fileed granular
insulation, chemical catalytic reactors and soilidifion of casting. The above applications attraaithors like;
Bagai [7] studied the effect of variable viscosity free convective over a non-isothermal axisymimdtody in a
porous medium with internal heat generation. Maliaal [8] presented natural convection flow al@ngertical
wavy surface with uniform surface temperature iesgince of heat generation/absorption. Hady €]at{idied
the heat generation or absorption effect on MHL2 ftenvection flow along a vertical wavy surfacengh and
Kumar [10] established the free convection effeats flow past an exponentially accelerated vertighite.
Muthucumaraswamy et al [11] presented the massfeaeffects on exponentially accelerated isothérmaetical
plate. Rajput and Kumar [12] studied MHD flow pastimpulsively vertical plate with variable tematre and
mass diffusion.

Recently, Rout et al. [13] studied the influencecb&émical reaction and radiation on MHD heat andsrteansfer
fluid flow over a moving vertical plate in presengeheat source with convective boundary conditiodnsteady
rotating MHD free and forced convection flow in laaoinel has been studied by Barik [14]. Barik €tL&] have
studied Hall effects on unsteady MHD flow between totating disks with Non-coincident parallel axes

The objective of the present study is to consitlertteat and mass transfer effect on unsteadyngtsMHD flow
through an accelerated isothermal vertical platbesided in porous medium in the presence of heatsand
chemical reaction. We have extended the work ofdaimarswamy et al [16] by incorporating heat seurc
chemical reaction and permeability of the mediunttenflow, heat and mass transfer phenomena.

MATHEMATICAL FORMULATION

Consider a transient, laminar, unsteady free cdiredlow of a viscous incompressible electricatlgnducting
fluid past a uniformly accelerated motion of artligsmal vertical infinite plate embedded in a parowedium. The

fluid and plate are considered to rotate as a figidy with a uniform angular veIocitQ' about Z -axis in the
presence of an imposed uniform magnetic fiBg normal to the plate. Initially it is assumed tHag¢ temperature

of the plate and concentration near the pIateEfreand C;. At timet' >0, the plate starts moving with a
velocity U = uot’ in its own plane and the temperature of the pdatet concentration of the fluid near the plate is
raised toTv'V and C;V. An external uniform magnetic field is applied noirtwathe plate i.e., parallel to thE -axis
and has a constant magnetic flux densB(y with a small magnetic Reynolds number so thatirileced magnetic

field is small in comparison with the applied matmédield B= (O,O,BO). Under the above assumptions, the

governing boundary layer equations for a laminarsteady free convection and mass transfer of aowssc
incompressible electrically conducting and heabdtiag fluid in a rotating system in a porous mediwith usual
Boussinesq’s approximation in the presence of thediffusion are as follows:

Governing Equations

‘;_‘t"—zg'u =gB(T-T.)+gB*(C'-C.)+v

0’u oBlu v
~ = ——Uu 1)
z Yo K,

57



RN Barik Euro. J. Adv. Engg. Tech., 2016, 3(1):56-61

2 2
aV,—ZQ’u:va—I:—UBOV —L*v (2)
ot 0z yo, K,
2
M= X 9T s(r-1) ®
ot pC, 0z
oC _ 0°c
-K!(C-C 4
at 622 C( °°) ( )
On introducing the following non-dimensional quéies
2 1/3
T, -T
U= - 1/3 V= ke 1/3’t =1 (_j - (—O] : T°° Gr :—9,8( K w)
(vuo) (vuo) T Uy
_ C C 2 C 1/3
c=CC =981 ) v =8 lz ,Pr:“P,s«;:l,Q:Q'l2
C,-C. u, p Lu; K D Uy
The dimensionless governing equations are
2
a—U—ZQV:Gr9+GcC+alﬁ— M+i U (5)
ot 0z Kk,
a—V—ZQU—azv M+i \Y (6)
ot 07° K,
oT _ 10°7T
== -ST 7
ot Proz 3 0
aC _ 1 9°C
— ==K, (8)
ot <oz

With the following initial and boundary conditions:
u=0,T=T,,C'=C. forall y,t'<0
t>0:u=u,,T=T,C'=C, aty=0 9)
u-0T T ,C -Clasy -

To solve equations (5) and (6), we introduce a derpelocity g = U + iV, equations (5) and (6) daa combined
into a single equation as

aq 9°q

—=GrT+GcC+— - 10

ot 0z’ ™ 10
where m=M + ki +2iQ (11)

P
with the initial and boundary conditions in non-@insional form are

g=0,T =0,C= Qforall Z,t<0
t>0:q=t,T=1C=1atZ=C w2
q_)O’T_’ O’C—’ OaSZ—>OO

M ethod of Solution

The dimensionless governing equations (2), (3)(@hdubject to the initial and boundary conditi¢@¥ are solved
by Laplace transform technique. The solutions arévdd as follows:

q:%H}+E§E)éﬁaﬂ{ o J_j ( zf—jgzmkﬂi%_vmii
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121 iy Z\/_ s |+ e ey Z\/Ff_ Jg (14)
2 ‘f Y
c=1 zJ_J_erfc Z\/— Kct |+e " efc @—\/ Kct (15)
2 ﬁ' 2t
_m-PrS = Gc _m-SKc @ _a _a,
Where @, a, = ;= A=, q;=— ,qg=—
TPt Pr 1 <-1 -1 a, a,

RESULTSAND DISCUSSION

In order to get a clear insight into the physicalljem, numerical values of velocity , temperatame concentration
fields are computed for different physical parametike Gr. Ge, Sc, Kp, S, Kc, Pr, M. Fig.1 exhibibhe effects of
different pertinent parameters such as porosityampater (Kp), chemical reaction parameter (Kc) ameth
absorption coefficient (S) on velocity profilest id observed that porosity parameter enhancesetoeity of flow
field at all points. Further, it is observed thalocity decreases with increase in heat absorbagfficient and
chemical reaction parameter. The decrease maytiieuged to the absorption of heat energy due todrermic
reaction (Kc>0). The presence of heavier diffusipgcies causes decreases in velocity which leattsnning of
boundary layer thickness. Further, it is seen wWian Kp=100, S=0 and Kc=0 (curve V), the curve ciies with
the result reported by Muthucumaraswamy et al [16].

Fig.2 demonstrates the effect of Pr, Sc, M on #leaity profile. It is observed that increase imcBuses a decrease
in velocity of fluid. It is because increase ini®due to increase in the viscosity of fluid whitlakes the fluid thick
and hence causes a decrease in velocity of fltid.fbund that increase in magnetic field paramskaw down the
velocity of flow field to a considerable amount digel.orentz force acting on the flow field. Thisrags with the
expectations, since the magnetic field exertsardetg force on the free convective flow. It i€sdhat increase in
Schmidt number reveals that the presence of healfeision species has a retarding effect on véyoof flow
field.
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Fig.2 Velocity profilesfor different Pr, Sc, M, for Gr =5, Gc =5,

Fig.1 Velocity profilesfor different Kp, S, Kc, for Gr =5, Gec =5,
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Fig.3 Velocity profilesfor different Gr, Gc, for Pr =0.71, Sc = 0.6,

M =5S=1Kp=100,Kc=2, Q=05 Fig. 4 Temperature profile
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Fig. 5 Concentration profile

Fig.3 demonstrates the effect of Gr, Gc on velofiglg. It is observed that increase in Gr leada tise in velocity
due to enhancement in buoyancy force. Furthes, @so found that Gc accelerates the velocity @ flield at all
points.

The temperature profiles for different values offRd S are shown in Fig.4. Prandtl number is ttie of kinematic
viscosity and thermal diffusivity. If other thingemain same, an increase in kinematic viscosityawss
momentum diffusivity leads to enhance the velobityindary layer thickness. Similar discussion magdreied out
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with thermal diffusivity due to heat conduction tdinuting to growth of thermal boundary layer. $t $een that
temperature profile decreases with an increaseand® number. This is in agreement with the phgisiact that at
higher Prandtl number fluid has a thinner thermalrdary layer and this increases the gradient mpézature.
From curves (I & II) it is observed that increaseS increases temperature. It is seen from cuwken S=0 and
Pr=0.71, the curve coincides with the result regmblity Muthucumaraswamy et al [16].

Fig.5 represents the effect of concentration peefifor different values of Sc and Kc. It is obsdnihat
concentration distribution decreases at all pafitow field with increase in Sc. It means thagreater delaying
effect on concentration distribution is due to headiffusing species of flow field. It is seemathconcentration of
fluid reduces with increase in chemical reactiorapzeter (Kc).

CONCLUSION

« Velocity of the flow field decreases with increasdeat source parameter, chemical reaction pasnfetandtl
number and Schmidt number.

» The permeability of the porous medium enhancesehacity profile at all points.

« The magnetic parameter has a retarding effect mtity profile due to Lorentz force acting on thevf field.

» The heat source parameter accelerates the temggevdiareas Prandtl number decelerates it.

 The increasing effect of chemical reaction paramete Schmidt number reduces the concentratiorlgrof
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