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1. INTRODUCTION

Radiation and on the optical properties of the wmiwith its internal energy being converted to is
the process of heat propagation by means of eleefyoetic waves, depending only on the temperature
radiation energy. The process involving the corieecbf internal energy of the solution in to radat
energy is known as radiation heat transfer. Inrastto the mechanism of conduction and convectitnere
energy transfer through a material medium is inedjvheat also be transferred through regions where
perfect vacuum exists. The mechanism in this caseléctromagnetic radiation. The electromagnetic
radiation which is propagated as a result of teapee differences, this is called thermal radiation

The effect of radiation on MHD flow and heat traasfproblem have become more
important industrially. A thigh operating tempena&uradiation effect can be quit esignificant
Many processesin engineering areoasura thigh temperature and a knowledge of razhalieat
transfer becomes very important for the desigrhefpertinent equipmeniuclear power plants,
gasturbines and the various propulsdmvicesfor aircraft,missiles, satellites and space vehiclesare
examples of such engineering areBsstman [1l]lexamined the naturalonvection boundary layer
with suction and mass transfer in a porous medidim results confirmed théypothesis that
suction stabilises the boundary layer and affongsmostefficient methodin boundary layer control
yet known Abdus Sattarand Hamid Kalim [Bjvestigated the unsteady free convection inteoacti
with thermal radiation in a boundary layer flow fmasertical porous platdakinde [3]examined
the trarsient free convection interaction with thermal ediin of an absorbing-emitting fluid along
moving vertical permeable plat®ecently, Ibrihemetal[4] have studied nonclassical thermal
effects in Stokes’ second pieln for micropolar fluids by used perturbation nath

Journal homepage: http://iaesjournal.com/online/index.php/IJAAS



20 a ISSN: 2252-8814

Muthucumaraswamy and Ganesan $8]died effect of the chemical reaction and inpatti
on flow charateristics inanunsteady up ward motion of an isatt@rplate Dekaetal [6] studied
the effect of the firsbrder homogeneous chemical reactionon the prodesms onsteady flow pastan
infinite vertical plate with a constant heat andssteansfer Chamkha [7]studied the MHD flow
of a numerical of uniformly stretched vertical pemable surface in the presence of heat
generation/absorption and a chemical react8wundalgekar and Patti [8tudied the problem of
the flow past an impulsi vely started isothermfdinitte vertical platewith mass transfer effect§he
effect of foreign masson the free-convection floastasemi-infinite vertical plate were studied. [9]
Chamkha [10lassumed that the plate is embedded in a uniformmuysomedium andhoves with a
constant velocity in the flow direction in the peese of a transverse magnetic fieldaptis [11]
investigate the steady flow of a viscous fluid tngohavery porous medium bounded by a porous
plate subjected to a constant suction velocity by thesgmee of thermal radiatiofiRaptisand
Perdikis [12]studiedthe unsteady free convection flow of waternedCihthelaminar boundary
layer over a vertical moving porous plate.

Chambreet al [13] have analyzed a first order chahmeaction in the neighborhood of a stationary
horizontal plate. Das et al [14] haseudiedthe effect of homogeneous first order chemicattiea on the
flow past an impulsively started infinite vertiqalhte with uniform heat flux and mass transfer. ihganass
transfer effects on moving isothermal vertical @lat the presence of chemical reaction studied &y & al
[15]. The dimensionless governing equations weheesioby the usual Laplace-trans form technique thied
solutions are valid only at lower time level. Raitia and chemical reaction effects on isothermatical
oscillating plate with variable mass diffusion le®n studied byManivannan et al [16].

Inspite of all the sestudieshe heat and massransfer effects on unsteady magneto
hydrodynamic free convection flopastavertical permeable movinglatewith radiation

2. MATHEMATICAL ANALYSIS

Consider unsteady two-dimensional flow of alamingscous, electrically conducting and
heat-absorbindgluid pastasemi-infinite vertical permeable moviptate embedded in a uniform
porous medium and subjected to a uniform transveragnetic field in the presence of thermal and
concentration buoyancy effects. It is assurtieat there is no applied voltage which him plies the
absen ceofanel ectrical fieldhe fluid properties are as sumed to be constaoemxthat the
influence of density variation with temperature Heeen cosidered only in the body-for ceterm
The concentration of diffusing species is very dnralcomparison toot hechemical species, the
concentration of species far from the wall,, @ infinite simally small [5] and hence tls®oret and
Dufour effects are neglectedrhe chemical reactions are taking place in the fland all
thermophygal properties are assumed to be constant ofitlead momentum equation which is
approximated according to the Boussines approxonafbueto the semi-infinite plane surface
assumption, the flow variables &uaction sof “and the time only. Under the seassumptions, the
equations that describe the physicalatiton are given by
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wherex", yD,andtDare the dimensional distances along and perperaditothe plate and

dimensional timerespectively U "andv “are the components of dimensional velocities alodjg

and deirections, respectively,T" is the dimensional temperatur€& is the dimensional
concentrationC, andT,, are the concentration and temperature at the vealhectivelyC, andT,,
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are the free stream dimensional concentration ampéature, respectively is the fluiddensityy
is the kinematic viscosityg, is the specific heat at constant presswejs the fluid electrical
conductivity, B, is the magnetic inductior” is the permeability of the porous mediu@j, is the
coefficient of proportionality for the absorptiori madiation,D is the mass diffusivityg is the

gravitational acceleration, an(ﬁT and B, are the thermal and coentration expansion

coefficients, respectively anH, is the chemical reaction paramet&@he magnetic andiscous
dissipations are neglected in this studize third and fourth terms on the RHS of the moment
equation (2) denote the thermal and concentratimyéncy effects, respectivelilso, the second
and third terms on the RHS of the energy equati)ndpresents the heat and radiation absorption
effects, respectivelyit is assumed that the permeable plate moves withreble velocity in the
direction of fluid flow Inaddition,it is assumed that the temperature and the corat@rirat the
wall as well as the suction velocity are erpntially varying with time.

Under these assumptions, the appropriate boundangitions for the velocity, temperature and
concentration fields are

u=u,, T =T, +£(T,-T.)e"" ,C" =C, +&(C, -C.)e"" .,y =0,
U* ZO,T* —>Tw,C* — Cm,y* — 00
whereu; is the wall dimensional velocityy is constantlt is clear from Eq(1) thagthe

suction velocity at thelate surface is a function of time onAssuming that it takes the following
exponential form:

V= Vo(l+eAe™™), (6)
whereA is areal positive constantd,and ¢A are small less than unity, an is a scale of suction
velocitywhich has non-zero positive constantroducing the dimensionless quantities:
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In view of the above non-dimensional variables, basic field Eqs(2)—(4) can be expressed in non
dimersional form as
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The corresponding boundary conditions are

u=u, d=1+&", C=1+&", ony=0
11
Uu-06-0C-0 asy- o, .

where Gr,Gm M, Ko, Pr,Rand Scare the thermal Grashof number, solutal Grashoftmrpmagnetic

field parameter, permeability parameter,Prandtl meimradiation parameter and Schmidt number
respectively.
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The mathematical statement of the problem is nompmete and embodies the solution of Eqgs. (8)-
(10) subject to boundary condition (11).

3. METHOD OF SOLUTION:

The set of differential Equations (8) to (10) swbjéo the boundary conditions (11) are highly
nonlinear, coupled and therefore it cannot be sbhmalytically. Hence, following Redtyand Bath¥ the
finite element method is used to obtain an accuaaie efficient solution to the boundary value peobl
under consideration. The fundamental steps comgritie method are as follows:

Step 1: Discretization of the domain into elements:

The whole domain is divided into finite humbersafb-domainsa process known as discretization
of the domain. Each sub-domain is termdihde elementThe collection of elements is designatedfthite
element mesh
Step 2: Derivation of the element equations:

The derivation of finite element equations i.e.efigaic equations among the unknown parameters
of the finite element approximation, involves tlldwing three steps:

a. Construct the variational formulation of thefeliéntial equation.

b. Assume the form of the approximate solution @vémpical finite element.

c. Derive the finite element equations by substituthe approximate solution into variational folation.
Step 3: Assembly of element equations:

The algebraic equations so obtained are assembledmposing theinter-elementcontinuity
conditions. This yields a large number of algebemoations, constituting thgdobal finite element model
which governs the whole flow domain.

Step 4: Impositions of boundary conditions:

The physical boundary conditions defined in eque(il) are imposed on the assembled equations.
Step 5: Solution of the assembled equations:

The final matrix equation can be solved by a dimrandirect (iterative) method. For computational

purposes, the coordinaté is varied fromOtoY,,,,

momentum, energy and concentration boundary laydisnerical solutions for these equations are obthi
by C-program. In order to prove the convergencesalility of finite element method, the same Cepen
was run with slightly changed values ¢fandK .This process is repeated until the desired acguodc
0.0005 is obtained. Hence, the finite element metibstable and convergent.

The skin-friction, Nusselt number and Sherwood nendre important physical parameters for this
type of boundary layer flow.
The skin-friction at the plate, which in the nomaginsional form is given by

where Y., represents infinity i.e. external to the

X

Cf = T—W = (a_uj (12)
pPU NV, oy y=0

The rate of heat transfer coefficient, which in tl@n-dimensional form in terms of the Nusselt numbe
given by

Nu=-x—2Y2 — NuRe = —[agJ (13)
T, y=0

EY

The rate of mass transfer coefficient, which inrnle@-dimensional form in terms of the Sherwood nemis
given by

ac’
' ) . 3 aC
Sh= —xC,—y = ShRe* =-| — (14)
y=0
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VX
Where Re, =—— is the local Reynolds number.
v

4, RESULTSAND DISCUSSION:
Numerical evaluation of the analytical results népd in the previous section was performed and a
representative set of results is reported grapiidalfigs.1-12. These results are obtained tostiate the

influence of thethermal Grashof numbé&sr , SolutalGrashof numbeGm, magnetic parametdv
Permeability parameteK , thermal radiatiol? , Prandtl numbePr, Schmidt numberSc and chemical

reaction parameteKr on the velocity, temperature and the concentrapiafiles, while the values of the

physical parameters are fixed at real constants
With
Gr=Gm=20,M =02, K= 05Pr=0.71, R=10, Sc= 06, K, = 05 A= 05 u, = 0.5,

£=02n=011t=210 All graphs therefore correspond to these valudsssrspecifically indicated on

the appropriate graph.

Figure 1 presents typical velocity profiles in theundary layer for various values of the thermal
Grash of numbefGr , while all other parameters are kept at some fiwaddes. The thermal Grashof number
Gr defines the ratio of the species buoyancy forafiéoviscous hydrodynamic force. As expected, thiel fl
velocity increases and the peak value is morertistie due to increase in the species buoyancyeforbe
velocity distribution attains a distinctive maximuwalue in the vicinity of the plate and then dese=sa
properly to approach the free stream value.

The influence of the SolutalGrashof numb@m on the velocity is presented in Figure 2. The
Solutal Grashof number signifies the relative dffed the thermal buoyancy force to the viscous
hydrodynamic force in the boundary layer. As expécit is observed that there is a rise in the aiglalue
to the enhancement of thermal buoyancy force. Hbeepositive values osm correspond to cooling of the

plate. Also, adGm increases, the peak values of the velocity inciseesgidly near the porous plate and then
decays smoothly to the free stream velocity.

For different values of the magnetic field paraméte the velocity profile are plotted in Figure 3.
It is obvious that the effect of increasing valwdsthe magnetic field parameter results in a desingp
velocity distribution across the boundary layergufe 4 illustrate the variation of velocity digtution across
the boundary layer for various values of the petilitpa parameteK. The velocity increases with aincrease
in permeability parameté.

Figures 5 and 6 illustrate the velocity and tempeeaprofiles for different values of the Prandtl
number Pr . The Prandtl number defines the ratio of momentiffusivity to thermal diffusivity. The
numerical results show that the effect of incregsialues of Prandtl number results in a decreasihocity
(Fig 5). From Fig 6, it is observed that an inceeas the Prandtl number results a decrease ofhiental
boundary layer thickness and in general lower ggetamperature within the boundary layer. The neaso
that smaller values oPr are equivalent to increasing the thermal conduidisj and therefore heat is able to
diffuse away from the heated plate more rapidlyhtfa higher values ofr . Hence in the case of smaller
Prandtl numbers as the boundary layer is thickdrthe rate of heat transfer is reduced.

For different values of the radiation paramekthe velocity and temperature profiles are plotted i
Figures 7 and 8. It is obvious that an increas¢hanradiation parameteR results an increasing in the
velocity and temperature profiles within the bounydiayer, as well as an increasing in the momenaunah
thermal thickness. This is because the laRygalues correspond to an increased dominance ofuctioc
over radiation thereby increasing buoyancy forteigt vertical velocity) and thickness of the thdrarad
momentum boundary layers.

Figures 9 and 10 display the effects of the Schmidhber Sc on the velocity, temperature and
concentration profiles, respectively. As the Schirmdmber increases, the concentration decreasds. Th
causes the concentration buoyancy effects to deerg#lding a reduction in the fluid velocity. The
reduction in the velocity, temperature and conegian profiles are accompanied by simultaneousatoius
in the momentum and concentration boundary layckeéns. These behaviors are clearly shown in Figs.
and 10.

Figures 11 and 12, displays results for the \igla@nd concentration distributions respectivety. |

is seen, that the velocity and concentration irsgeawith decreasing the chemical reaction parar’r@,ter
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Also, we observe that the magnitude of the strease welocity increases and the inflection point tloe
velocity distribution moves further away from thafsce.

5. CONCLUSION

The plate velocity was maintained at a constantievalnd the flow was subjected to a transverse
magnetic field. The resulting partial differentegjuations were transformed into a set of ordin#dfgrential
equations using finite element method. Numericaliits were performed and some graphical resulte wer
obtained to illustrate the details of the flow dreht and mass transfer characteristic and the&rdignce on
some of the physical parameters. It was foundtti@telocity profiles increased due to decreasghamical
reaction parameter, the Schmidt number, magnetld find Prandtl number parameters while it incréase
due to increases in thermal Grashof number, Sofetash of number, radiation parameter and Pernigabil
parameters. However, an increase temperature @ngfia function of an increase in radiation paramet
while it decreased due to increases in Prandtl mumhlso, it was found that the concentration peofi
increased due to decreases in the chemical regudi@meter and the Schmidt number.
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