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ABSTRACT

In this paper, we present a study for the steady two dimensional radiative MHD boundary layer flow of an
incompressible, viscous, eectrically conducting fluid caused by a non-isothermal linearly stretching sheet placed at
the bottom of fluid saturated porous medium. The governing system of partial differential equations is converted to
ordinary differential equations by using the similarity transformations, which are then solved by shooting method.
The dimensionless velocity, temperature and concentration are computed for different thermo physical parameters
viz the magnetic parameter, permeability parameter, radiation parameter, wall temperature parameter, Prandtl
number and Schmidt number.
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INTRODUCTION

The magnetohydrodynamics of an electrically conidgcfluid is encountered in many problems in gecits,
astrophysics, engineering applications and oth#wstrial areas. Hydromagnetic free convection fltave a greet
significance for the applications in the fieldsstéller and planetary magnetospheres, aeronakticgneers employ
magnetohydrodynamics principles in the design cft lexchangers, pumps, in space vehicle propulsimrmal
protection, control and re-entry and in creatingelgower generating systems. However, hydromagtiletiv and
heat transfer problems have become more importahistrially. In many metallurgical processes ineolthe
cooling of many continuous strips or filaments bgwing them through an electrically conductingdisubject to a
magnetic field, the rate of cooling can be conélbnd final product of desired characteristics lsarachieved.
Another important application of hydromagnetic tetallurgy lies in the purification of molten metdtem non-
metallic inclusions by the application of a magadigld. Ericksonet al. (1966) studied heat and Mass transfer in
the laminar boundary layer flow of a moving flatfaee with constant surface velocity and tempeeatacusing on
the effects of suction/injection. Callahan and Mar{l976) have discussed transient free convedtitim mass
transfer on an isothermal vertical flat plate. Stalgekhar and Wavre (1977) have discussed unst&ady
convection flow past an infinite vertical plate witonstant suction and mass transfer. Chakrabaniia Gupta
(1979) investigated hydromagnetic flow, heat andssntmansfer over a stretching sheet. Soundalge{d8#9)
studied effects of mass transfer and free conveatiothe flow past an impulsively started vertitai plate. Plumb

et al. (1981) have discussed the effect of Cross flow Radiation Natural Convection from Vertical Heated
Surfaces in Saturated Porous Media. Ragité. (1981) is studied free convection and mass trafisfe through a
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porous medium bounded by an infinite vertical lingt surface with constant suction. Tong and Tie@8@)
considered radiative heat transfer in fibrous iasah. Sharma and Mathur (1995) reported steadynkanfree
convection flow of an electrically conducting flusdbng a porous hot vertical plate in the presentdgat source /
sink. Vajravelu and Hadjinicolaou (1997) studieck thiow and heat transfer characteristic in an dkdty
conducting fluid near an isothermal stretching shédansour (1997) studied forced Convection radrati
interaction heat transfer in boundary layer ovdlanplate submerged in a porous medium. Raptis Madsalas
(1998) reported as magnetohydrodynamics flow pasiate by the presence of radiation. Chamkha (20@0F
studied thermal radiation and buoyancy effects yardmagnetic flow over an accelerating permeabiéasa with
heat source or sink. Bakier (2001) have discusBedral Radiation Effect on Mixed Convection fromrieal
Surfaces in Saturated Porous Media. Changklah (2001) studied natural Convection due to solaiatazh from a
vertical plate embedded in porous medium with \dHeigoorosity. Rajesh Kumar et al (2002) have diseds
hydromagnetic flow and heat transfer on a contislyomoving vertical surface. Raptsal (2004) studied effect of
thermal radiation on MHD flow. Raptis and Perdik&)04) is discussed unsteady flow through a higldyous
medium in the presence of radiation. Ibrahim andiktde (2010) investigated chemically reacting MH&uhdary
layer flow of heat and mass transfer over a moviedical plate with suction. Paresh Vyas and Nuprvastava
(2010)consideredadiative MHD floe over a non isothermal stretchgigpet in a porous medium. Hossain M.M.T.
and Khatun. M. (2012) has discussed study of dfushermo effect on laminar mixed convection flawd heat
transfer from a vertical surface with induced maugnigeld.

On the other hand, at high temperature the effefctadiation in space technology, solar power nebdbgy, space
vehicle re-entry, nuclear engineering applicatians very significant. Many processes in industaigas occur at
high temperature and the knowledge of radiatiort treasfer in the system can perhaps lead to aeteproduct
with a desired characteristic. A few representdtiekels of interest in which combined heat and nteasssfer plays
an important role are designing of chemical praogssquipment, formation and dispersion of fogtribsition of
temperature and moisture over a agricultural fieddsl groves of fruit trees, crop damage due tozinge and
environmental pollution.

Formulation of the problem

Consider the steady two-dimensional forced coneadboundary-layer flow of viscous, incompressilglectrically

conducting fluid in a fluid saturated horizontalrpos medium caused by linearly stretching sheeteplaat the
bottom of the porous medium. A Cartesian co-ordirgtstem is used. Theaxis is along the sheet agdaxis is

normal to the x-axis. Two equal and opposite foa@sapplied along the sheet so that the walr&tddted, keeping
the position of the origin unaltered. The stretghirelocity varies linearly with the distance frohmetorigin. A

uniform magnetic field of strengtBB_ is applied normal to sheet. We assume that the temiperaturd,, >T_,

where T_ is the uniform temperature of the ambient tempeeatwe also assume that the fluid is optically égns

Newtonian and without phase change. Further iss&imed that both the fluid and the porous mediwmiratocal
thermal equilibrium. We also consider that both theroundings and the fluid are maintained at astzon
temperature & far away from the sheet. The Rosseland approximas followed to describe the heat flux in the
energy equation. On neglecting the induced magrfetid, the external electric field, the electriell due to
polarization of charges, ohmic and viscous dis@pat the governing boundary layer equations cawriteen as

ou ov

- +=0 1
ox oy

ou  du_ du oB v

u—+v—=v—+ -T )+ C-C))- u—-—u

o Voy T oy gB(T-T,)+gfl (C-C,) . )
T aT _ k 9T 1 dq

UtV = = )
ox 0y pc,0y" pc, oy

ua_C+Va_C:D62_C (4)
ox oy oy’
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The boundary conditions for the velocity, tempematnd concentration fields are
u=cex,v=0,T=T,=T, +dx?,C=C, at y=20 (5)
u-0,T-T,, C->C, as y - o

wherex andy represent the coordinate axes along the aomii stretching surface in the direction aftion
and normal to it, respectively;andv are the velocity components along xhandy axes respectively, is

the kinematics viscosityJ electric conductivity,BO is the uniform magnetic fieldp is the densit)k' is the
permeability of the porous mediurﬁ}p is the specific heat at constant pressure @nds the radiation heat flux;,

is the temperature inside the boundary laylgy, is the temperature for away from the plétejs the species

concentration in the boundary laya is the thermal diffusivity,D is the is the molecular diffusivity of the

species concentratiorn; > 0 and d are constants. Using Rosseland apprtivimor radiation [Brewster (1972)]
* 4

—— wherec*, k* are Stephan-Boltzmann constant and mean alisor coefficients

3k ody

respectively. Temperature difference within thevlie assumed to be sufficiently small so tAat D4T;T - S’Tof

we can writeQ, =—

e, T* may be expressed as a linear function of temperdfu using a truncated Taylor series about the fre
stream temperatuik, .

We introduce the following non-dimensional variable

2
”:\/gy,u:a_wzxcf"V:—a_w:—\/af’M :J_BO’K :L

oy ox 0C kc'

— — 2

g:T T, o= C-C, Ra= Kk 3’F)r:,ovcp ,SC:L |
T,-T, C,-C, 40T k D
or = 980, -T) o - 98'(C,=C.)
c°X cX
(6)

In view of (6), the Equations (2) - (4) take thenfio
7+ ff —f +Gro+Gop—(M +K) f =0 @)
H’—(MJ(MP—W'):O ©)

3Ra+4
J+ =0 ®)

where the primes denote the differentiation witbpeet td7, M is the magnetic parameter, K is the permeability
parameter, Ra is the radiation parametér,js the Prandtl number, Gr is the Grashof numberjs@be modified
Grashof number an& is the Schmidt number.

The corresponding boundary conditions are
f=1f=06=1p=1 at n=

: 10
f =0,6=0,9p=0 as n - (o)
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Solution of the Problem

The governing boundary layer equations (7) - (9jett to boundary conditions (10) are solved nucadiyi by
using shooting method. First of all higher ordemdlioear differential equations (7) - (9) are cortegd into
simultaneous linear differential equations of fostler and they are further transformed into ihitelue problem by
applying the shooting technique. From the procedsaumerical computation, the skin-friction coeféat, the

Nusselt number and Sherwood number which are résplgcproportional tof (0), — 8 (0) and — ¢ (0) are
also sorted out and their numerical values areeptesl in a tabular form.

RESULTSAND DISCUSSION

In order to get a physical insight into the problenrepresentative set of numerical results is shgraphically in
Figs.1-10, to illustrate the influence of physipatameters viz., the magnetic parambfer permeability parameter
K, radiation parameter Ra, Prandtl numB#&r Grashof number Gr, modified Grashof number Gc Sobdmidt

numberSC on the velocityf (/7) temperaturé’(l]) and concentratio(ni(l]).

The effects of the magnetic parameéteon the velocity, temperature and concentratiord$ieglre shown in Figs. 1-
3. It is obvious that an increase in thagnetic parametéd results in a decrease in the velocltyis observed that
the temperature and concentration profiles incrgatethe increasing of magnetic parameter M

Figs. 4-6 show the dimensionless velocity, tempeeatand concentration profiles for different valuek
permeability parameter K. It can be seen that thlocity profiles decrease with the increase of pebility
parameter Klt is noticed that the temperature and concentigti@files increase with the increase of permegbili
parameteK. Figs. 7-9 show the dimensionless velocity, temijpeeaand concentration profiles for different vaue
of Grashof number Gr. It can be seen that the itglpcofiles increase with the increase of Grasimarinber Grlt is
noticed that the temperature and concentratiorilpsodlecrease with the increase of Grashof number G

Figs. 10-12 show the dimensionless velocity, termfpee and concentration profiles for different s wf modified
Grashof number Gc. It can be seen that the velgedfiles increase with the increase of modifiecghof number
Gc. It is noticed that the temperature and concentnagimfiles decrease with the increase of modifiedsBof
number Gc.The effects of the radiation parametéron temperature is shown in Fig. 18.is obvious that an
increase in theadiation parameteX results in a decrease in ttemperatureThe influence of the Prandtl number
Pr on the temperature field is shown in Fig. 18is noticed that theemperaturegrofiles decrease with the increase
of Prandtl numbePr.

Tablel

|M‘K|Ra|Pr‘O’|SC|f'(O)‘—9(0)|—ﬂ0)‘

[10] 05[] 10 074 2.d o06p -1.58134 0.55192 0.370111
[15] 05[] 1.0] 074 2d 06D -1.73205 0531949 0.35833
[10] 20] 1.0] 074 2d o06p -1.73205 0531949 0.35833
[10] 05[] 20 077 2d 0.6p -1.58114 0.678421 0.37011
[acJoefac] 15 [ 2.c ] 0.6C ] -1.5811« | 0.87824 | 0.37011 |

[10] 05[] 1.0] 0774 44d o0.6p -1.58114 0.787702 0.37011
[10] 05] 10] 074 2d 1d -1.58194 0.55192 0.495b14
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Fig.1. Velocity profilesfor different valuesof M when K =0.5,Ra=1.0,Pr =0.72, Sc=0.60,Gr=3,Gc=2 and & =20
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Fig.2. Temperature profilesfor different valuesof M when K =0.5,Ra=1.0,Pr =0.72, Sc=0.60,Gr =3,Gc=2and O =20
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Fig.3. Concentration profilesfor different valuesof M when K =0.5,Ra=1.0, Pr =0.72,Sc=0.60,Gr =3,Gc=2and O =20
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Fig.4. Velocity profilesfor different valuesof K when M =1.0, Ra=1.0, Pr =0.72,
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Fig.5. Temperature profilesfor different valuesof K when M =1.0,Ra=1.0,Pr =0.72,Sc = 0.60,Gr =3,Gc=2and & = 20
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Fig.6. Concentration profilesfor different values of K when M =1.0,Ra= 1.0, Pr =0.72, Sc = 0.60, Gr =3,Gc=2and O =20
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Fig.7. Velocity profilesfor different values of Gr when M =1.0,Ra=1.0,Pr =0.72,Sc=0.60, K=05,Gc=2and O =20

Fig.8. Temperature profilesfor different valuesof Gr when M =1.0,Ra=1.0,Pr =0.72, Sc = 0.60,K=05,Gc=2and O =20
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Fig.9. Concentration profilesfor different valuesof Gr when M = 1.0,Ra=1.0, Pr =0.72,Sc=0.60,K=05,Gc=2and & =20

12 ' I ' I ' I ' I '

0.6
f(n) 1

0.4 1

0.2 1

0.0

Fig.10. Velocity profilesfor different valuesof Gcwhen M = 1.0, Ra= 1.0, Pr =0.72, Sc = 0.60, K=0.5,Gr =3and & =20
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Fig.11. Temperature profilesfor different valuesof Gcwhen M = 1.0, Ra= 1.0, Pr =0.72, Sc = 0.60,K=0.5,Gr =3and & =20
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Fig.12. Concentration profilesfor different valuesof Gcwhen M = 1.0, Ra=1.0, Pr =0.72,Sc=0.60,K =05,Gr =3and O =20
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Fig.13. Temperature profilesfor different valuesof N when M = 1.0,K=0.5,Pr = 0.72,Sc=0.60,Gr =3,Gc=2and & =20
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Fig.14. Temperature profilesfor different values of Pr when M =1.0,K =0.5,Ra = 1.0,Sc=0.60,Gr =3,Gc=2and O =20
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Fig.16. Concentration profilesfor different valuesof Scwhen M =1.0,K =05, Ra=1.0,Pr =0.72,Gr =3,Gc=2and & =20
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Fig. 15 shows the dimensionless temperature psofiledifferent values of wall temperature paramatelt can be
seen that the temperature profiles decrease withnttrease of wall temperature paraméaterThe effects of the
Schmidt number Sc on concentration is shown in E&.It is noticed that theoncentrationdecreases with the
increase o5chmidt number Sc

Numerical results are reported in the Table 1. Fiiahle 1, it is important to note that the skirction together
with the heat and mass transfer rate at the mopiatg surface decreases with increasing magniftide.rate of
heat and mass transfer at the plate surface ireseagh increasing intensity of buoyancy forc&,(Gc) and

decreases with increasing intensity of magnetid f{#1)or permeability parameter (K). Moreover, thidn friction

decreases with buoyancy forces and increases adtleasing magnetic field intensity and Schmidt nem{sc).

Furthermore, the surface mass transfer rate ineseagile the surface heat transfer rate decresitesan increase
in the Schmidt number (Sc).

The effects of various governing parameters orskire-friction coeﬁiciean ~Nusselt numberNu and Sherwood

numberSh are shown in Table-1. It is observed that the -$tiation, Nusselt number and Sherwood number
decreases with the increase of magnetic paranivter permeability parameter Kit is found that the Nusselt
number increases as radiation paramiéeor Prandtl numbelPr or wall temperature¥ increases. It is noticed that
the Sherwood number increases with increasing Sithmimbersc.

CONCLUSION

In this paper we study the mass transfer effectsanimtive MHD flow over a non isothermal stretajpisheet
embedded in a porous medium. The expressions &welocity, temperature and concentration distidng are
the equations governing the flow are numericallivsd by shooting technique. The effects of varigaserning

parameters on the skin-friction coefficier@( ). Nusselt number (Nuand Sherwood numbeft{) are shown in

Table-1. It is observed that the skin-friction, Net number and Sherwood number decreases witin¢hease of
magnetic parametdvl or permeability parameter K. The dimensionless aitlp temperature and concentration
profiles for different values of modified Grashafmber Gc. It can be seen that the velocity profiblesease with
the increase of modified Grashof number &gs noticed that the temperature and concentigtiofiles decrease
with the increase of modified Grashof number Gc.
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