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ABSTRACT

Chemical reaction and radiation effects on free convection MHD flow through a porous medium bounded by
vertical surface is studied here. The fluid considered is gray, absorbing-emitting radiation but a non-scattering
medium. The governing equations involved in the present analysis are solved by the two-term perturbation method.
The velocity, temperature, concentration, skin friction and Nusselt number are studied for different parameters like
thermal Grashof number, mass Grashof number, Schmidt number, magnetic field parameter, permeability
parameter, Prandtl number, radiation parameter, Eckert number and chemical reaction parameter.
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INTRODUCTION

Buoyancy is of considerable importance in techniokigapplications, such as in heated rooms or oeact
configurations, where temperature differences gise to complicated flow patterns. In fact, it isokvn that heat
exchangers technology often involves convectiverdlan vertical channels, where these flows in nuastes imply
thermal conditions of uniform heating of channellgv@ither by isothermal or iso-heat flux boundaopnditions.
The most of the interest in such study is therefadee to its applications in heat exchangers telolyo for
example, in the design of cooling and solar enexlection systems, etc. Several papers have beklisped that
deal with the study of the velocity and temperapnafiles for the fully developed vertical paraiftedw regime. A
theoretical study of fully developed, mixed conveatin vertical channel was conducted by Aung anorbAl [1]
and Cheng et al. [2] including flow reversal. ZaincH§3] and Barletta [4_6] investigated the effecisviscous
dissipation on mixed convection flow in verticalacimels by taking thermal boundary conditions asgileed
uniform heat fluxes on both walls and the caseretgribed uniform temperatures on both walls, othisrmal-
isoflux boundary conditions. In these studies tfiece of buoyancy is accounted for by writing tleenperature and
the velocity as a power series in a dimensionlesarpeter which is proportional to the Brinkman nembr in a
mixed convection parameter which is the ratio af @rashof number and the Reynolds number. Boulama a
Galanis [7] discussed an analytical solution foxedi convection in vertical channel with heat andssnansfer.
Barletta et al. [8] discussed dual mixed convectiow problem in vertical parallel-plate channel.

In many environmental and scientific processesatadi convective flows are frequently encountefed example,
in aeronautics, fire research, heating and coalihghannels, etc. It is observed that radiativedpert is often
comparable and hence associated with that of ctireedoeat transfer in several practical applicatiohherefore it
is of great significance to the researchers toystusinbined radiative and convective flow and hestgfer aspects.
Many authors have investigated such problems inpwbous and porous medium, e.g. Siegel and Hov@gll [
Chamkha [10], Raptis [11,12], Bakier [13], Raptsl@erdikis [14], Bég et al. [15], Ghosh and Bég][The study
of heat transfer and flow of viscous fluids throumtd across a porous medium has wide ranging apipls in
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various fields of science and engineering. As ailtesf its technological import to geothermal arekervoir
engineering and cooling of nuclear reactors, etweral researchers have studied such problems rinelg
composed of porous materials. An excellent reviéwhe literature on this subject is given in thenograph by
Nield and Bejan [17]. Lai et al. [18] investigatieb-dimensional mixed convection in a vertical pgsdayer with a
finite isothermal heat source on one vertical wathich is otherwise adiabatic and the other walks@thermally
cooled. Ingham et al. [19] studied effects of vissalissipation on mixed convection in a porous mnadbetween
two vertical plates. Al- Hadhrami et al. [20] intigated the mixed convection in a fully develop&ddf flow by

taking viscous dissipation effects into considematiin a vertical channel filled with a porous rmite Forced
convection is studied in a channel filled by a pmronaterial with viscous dissipation and flow waskNield et al.
[21]. The fully developed mixed convection flow viviscous dissipation is investigated by Barlettale[22] and
Umavathi et al. [23, 24] in a vertical parallel4@lachannel filled with a porous medium subject $oflux-

isothermal, and isothermal- isothermal boundaryd@@mns at the walls. Chauhan and Kumar [25] stddi@ced
convection and entropy generation in a circularndea filled by a highly porous medium with velocignd
temperature slip conditions and uniform heat fluxha wall. Enhancement of heat transfer in chanhglattaching
a porous substrate to the inner wall has beenubjea of many investigations. Convection effeats iavestigated
by Chauhan and Soni [26] in an inclined channetigléy filled with two permeable layers attachedtte inner
walls. Chang and Chang [27] studied mixed convectioa vertical channel partially filled with highlporous
medium. Chauhan and Gupta [28] investigated heatster in couette compressible fluid flow througbhannel
with highly permeable layer at the bottom. Alkamaét [29] numerically simulated the forced conventin a
parallel-plate channel partially filled with two mus substrates deposited at the inner walls. Teandree
convection viscous fluid flow in domains partiafiffed with porous substrates is studied by Al-Niemrd Khadrawi
[30]. V. Sri Hari Babu and G. V. Ramana Reddy [@fhhlyzed the Mass transfer effects on MHD mixedveotive

flow from a vertical surface with Ohmic heating andcous dissipation. Satya Sagar Saxena and GuKey [32]

studied the effects of MHD free convection heat aeras$s transfer flow of visco-elastic fluid embedded porous
medium of variable permeability with radiation effend heat source in slip flow regime. UnsteadyDvirkat and
mass transfer free convection flow of polar flupsst a vertical moving porous plate in a porousiumdvith heat
generation and thermal diffusion was analysed liysS8agar Saxena and G. K. Dubey [33].

In this paper, we are considering effect of radiaiénd chemical reaction on free convection MHOvfthrough a
porous medium bounded by vertical surface. The igong equations of motion are solved analyticafyusing a
regular perturbation technique. The behaviour édaiy, temperature, concentration, skin-fricticduysselt number
and Sherwood number for different values of thephygsical parameters have been computed and thiésrese
presented graphically and discussed qualitatively.

2. Mathematical Analysis
We consider a steady flow of an incompressibleotscfluid through a porous medium occupying a sefitiite
region of the space bounded by

LA ()
ay
ou’' Gl o’u' (oB? v
V—-= T -T.)+ C-C,)+v - C+— (u' 2
5y - 98T~ T.) gB”(c'-c.) ay? ( p K,J @
2
yor_a 62T’+L(a_u'j_ 1 oq "
oy pC,0y° Cl\ay) pC,0y
aC' 0°C'
e =p-Ki(c-cl) @
oy oy
Equation (1) gives:
V' = -y, (5)
wherey, > 0and V' is the steady normal velocity suction on the swfac
The boundary conditions are as follows:
u=0, T'=T,, C'=C, aty' =0 .
u=0, T'-T,, C' -C, asy' — o
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where X', y' are the dimensional distance along and perperatital the plate, respectivelyl’ andV' are the
velocity components in thex', y' directions respectively, g is the gravitationalelecation,p is the fluid density,

£ and g” are the thermal and concentration expansion aiexflis respectiverK' is the Darcy permeability,

B, is the magnetic induction] ' is the thermal temperature inside the thermal Haon layer andC' is the

corresponding concentration, is the electric conductivity,cp is the specific heat at constant pressure, D is the
mass diffusion coefficientg is the heat flux, angk’ is the chemical reaction parameter.

The local radiant for the case of an optically thiay is expressed by

a—q;: 420 (T4 -T'*) (7)
ay

where a" is absorption constant.

Considering the temperature difference within fbevfsufficiently small, T"*can be expressed as the linear function
of temperature. This is accomplished by expandifigin a Taylor series about’ and neglecting higher-order
terms

T 0417 =312 ®)

Using equations (7) and (8), equation (3) becomes

' ' 1\2 O
yor_a o v [a_uj 1800 o

o pC,oy> C,lay) fC,

Introducing the following non-dimensional quanttie

u' y'v, ,_T'-T) _Cc-C E= VP

=—,y= 8= , C= E=
w v T Yo me T o (T-T)
r_T! r_ VC
Gr:glgv(Tw Too)’Gm: ngDV(C\aN Coo)’Pr:p P ’ (10)
Vo Vo a
2 O 13 K r

S'J:K,M :JBOV’R:16aa}, V,K:—‘;V,Kr :|/K2r ,

D o av; VA V3
Using (10), equations (1), (2), (4) and (9) reduce
du ou 1
3y (M =
96 _ 36 ou)
— +Pr—-Rf=- PI’E(—) (12)
oy oy

°C _aC
?"'8:@ S:KrC:O (13)

Also, the corresponding boundary condition (6) rduto:
u=20, =1 C=1 at y=20

(14)
u-0, -0, C- 0, as y - o
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where N = M +%,Gr,Gm,Pr,Kr Sc E andR are the magnetic field parameter, permeability peter,

thermal Grashof number, Solutal Grashof numbemdttanumber, Chemical reaction number, Schmidt nemb
Eckert number and thermal radiation parameter.

3. Solution of the Problem

The dimensionless governing equations (11) — (&8)aupled, non — linear partial differential Eqoas and these
cannot be solved in closed form. However, theseakgus can be reduced to a set of ordinary diftakn
Equations, which can be solved analytically. Thisn de done by representing the velocity, tempezraturd
concentration of the fluid in the neighborhoodted fluid in the neighborhood of the plate as

u(y) =u,(y) +Euy(y) +o(E2) S

a(y) = 6,(y) + EG(y) +0(E?) +...........
C(y) = Co(y) + EC,(Y) +0(E?) +...ce.. (15)

Substituting (15) in Equations (11) — (13) and eupgathe harmonic and non — harmonic terms, aglatting the
higher order terms o®( E2) , We obtain

Ug +Uy—mu,=-G,8,-G,C, (16)

6.+ Pré,-RE,=0 7)

Cy+ScC,-ScK,C,=0 (18)
U —_

u+u-my=-G6-GC, (19)
d — 2

d+Prg-RE,=-Pu, (20)

4 —
C+SC-SK C, =0 (21)
where prime denotes ordinary differentiation wigspect to y.
The corresponding boundary conditions can be write

u,=0,u,=06,=16,=-0C,=1C. =1 aty= 0

22
U0—>O,U1—>O,HO—> 0,31—> OC0—> 0C1—> Oaw—>°° (22)

Solving Equations (16) — (21) under the boundarmpdiion (22) we obtain the velocity, temperatured an
concentration distribution in the boundary layer as

u(y) = Alexp(my)+ A exp(my }+ A, expfny )
As eXp(_mSY) +A, eXF(_mzy) +A, ex;()— ﬂ'ly) +A ex()' 2 y)
+E
+AL4 EXp(_ ZTI1y) + A15 eXF(_m4y) + Al6 ex()—my) + A17 ex‘)_m é’)

(y) =exp(my)+ E{

Ao exp(imy)+ A, exp(-Iny J A; exp(fhy }As exp(Fy }i
+A, exp(-m,y) + A, ex{—my) + A, exp-my)

C(y) =exp(my)

where

ml=%[8c+\/8c2+4ScKJ m, =%[Pr+x/P|2+ 4R}
m,=m,+m,m,=m,+m,m,=m,+m,

A=-G /(m-m,-N),A,=—G_/(m;-m-N),A,=-(A+A)
A=A, A= AM, Ag= AL, A= 2AAMM A & 2AAMm

I’Tg=%[l+M]

1606
Pelagia Research Library



G. Sudershan Reddy et al Adv. Appl. Sci. Res., 2012, 3(3): 1603-1610

A =2AAMM A =—(AFAFAFAFAGA),

A, = Ayl (my-m,=N),A,= A/ (4n"=2m ~N) A = A J( 4"+ In #N)
A=Al (4m;-2m,-N) A= A/ 4 - M ~N) A=A (M -m ~N)
A=A/ (M -m=N), A= Ay (m=m~N),

Ag :_(A.1.1+A12+ A13+A14+A15+A16|'A1)”

RESULTSAND DISCUSSION

In order to get a physical insight in to the probléhe effects of various governing parameters a@nghysical
guantities are computed and represented in Fidufesand discussed in detail.

The influence of Magnetic field on the velocity fites has been studied in Fig.1. It is seen thatihcrease in the
applied magnetic intensity contributes to the daseein the velocity. Further, it is seen thatrifagnetic influence
does not contribute significantly as we move awaynfthe bounding surface. The contribution of Etkember on
the velocity profiles is noticed in Fig.2. An nease in Eckert number contributes to the incréaske velocity
field. The Effect of Grashof number on the velocjiyofiles is seen in Fig.3. Increase in Grashomber
contributes to increase in velocity when all otharameters that appear in the velocity field atd henstant. Also
it is noticed that as we move away from the plagibfluence of Grashof number is not that sigaific

The effect of Solutal Grashof number on the vajoprofiles is observed in Fig.4. Increase in &lGrashof
number is found to influence the velocity to in@ea Also, it is seen that as we move far away filoenplate it is
seen that the effect of Solutal Grashof numbeousi@l to be not that significant. The effect of Rithnumber on the
velocity profiles has been illustrated in Fig.5t id observed that as the Prandtl number increakesyelocity
decreases in general. The dispersion in the vglpcedfiles is found to be more significant for sfealvalues of Pr
and not that significant at higher values of PreTihfluence of Schmidt number on velocity profileas been
illustrated in Fig.6. It is observed that, whilk ather participating parameters are held constard Schmidt
number is increased, it is seen that the velo@treases in general. Further, it is noticed that@ move far away
from the plate, the fluid velocity goes down. Thélience of the porosity of the boundary on theoe#y of the
fluid medium has been shown in Fig.7. It is selesit tas the porosity of the fluid bed increases, vblecity
increases which is in tune with the realistic dira Further, the porosity of the boundary doesinfluence the
fluid motion as we move far away from the boundsgface. Fig.8 illustrates the effect of veloqipofiles for
different values of chemical reaction parametedseto a fall in the velocity. The effect of velgciprofiles for
different values of radiation parameter is showFRion9. The trend shows that the velocity increagitis decreasing
radiation parameter. It is observed there is arfalelocity in the presence of high thermal radiat

The temperature profiles are calculated for diffiénalues of thermal radiation parameter is showfig.10. The
effect of thermal radiation parameter is importamttemperature profiles. It is observed that thegerature
decreases with an increasing the radiation paramdibe Effect of Prandtl number on the temperafigkl has
been illustrated in Fig.11. It is observed thatresPrandtl number increases, the temperatureeirildid medium
decreases. Also, as we move away from the bountteyPrandtl number has not much of significafiuénce on
the temperature. The dispersion is not found tsifpeificant.

The effect of concentration profiles for differar#tlues of chemical reaction parameter is preseintéig.12. The
effect of chemical reaction parameter is dominanicéncentration field. It is observed that the @miation
decreases with an increase of chemical reactioanpeter. Influence of Schmidt number on the conediptr
profiles is illustrated in Fig.13. It is observedat increase in Schmidt number contributes to eheswy of
concentration of the fluid medium. Further, itdeen that Schmidt number does not contributes noicthe
concentration field as we move far away from tharubng surface.
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Fig.1. Velocity profilesfor different values of magnetic
parameter .
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Fig.4. Velocity profilesfor different values of Solutal Grashof
number.
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Fig.9. Velocity profilesfor different values of radiation
parameter. Fig.12. Concentration profilesfor different values of chemical
reaction parameter.
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Fig.11. Temperature profilesfor different values of Prandtl
number.
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