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ABSTRACT

This paper focuses attention to study the effe€tseat and mass transfer characteristics on stb#dp free
convective flow of a viscous incompressible eleeity conducting and radiating fluid past a movinertical plate
embedded in a porous medium in the presence dfghesource and chemical reaction with convectivéase boundary
condition. The hot fluid is in contact on the lsftrface of the plate, while the stream of colddltiows along the right
surface. Using the similarity transformations, fmerning equations are transformed into nonliredmary differential
equations, and then solved by Runge-Kutta methedgalwith shooting technique. The velocity, tempamatand
concentration as well as the numerical values of giction coefficient, Nusselt number, plate so® temperature and
Sherwood number for various material parametersdm®ussed and represented through graphs ands.talfle present

results are compared with the available literatang] found to be in good agreement.

KEYWORDS: Heat And Mass Transfer, Free Convection, InternabtHGenerationHeat Source, MHD, Porous

Medium, Radiation, Chemical Reactjd@@onvective Boundary Condition, Shooting Method
1. INTRODUCTION

The study of heat and mass transfer plays vital ioflows past or through porous media. It fingplacations in
several engineering and geophysical fields. Fomgta in nuclear reactors, oil recovery, undergroendrgy transport,
geothermal reservoirs and thermal insulation. Bgad Khair [1] presented the heat and mass tramdfects on free
convection boundary layer flow embedded in a pornmeslium. By using series expansion combined hedtraass
transfer by natural convection from a sphere eméeédd a porous medium was studied by Lai and Kulgjk Raptiset
al. [3] and Lai and Kulacki [4] analyzed the effeofdree convection heat and mass transfer on boyrdger flow past a

vertical plate with suction and blowing in satuthpmrous medium.

The study of free convection under the influencenafnetic field has attracted the interest of masgarchers in
view of its application in geophysics and astrojitsisHuges and Young [5] gave an excellent summé@pplications.
Shanker and Kishan [6] studied the effect of maasmsfer on MHD boundary layer flow past an imputbyvstarted
infinite vertical plate. Bhaskara Reddy and Bathdi& 8] studied MHD effects on natural convectlaminar flow of an
incompressible viscoelastic fluid. Later, he anatyzhe effect of MHD on forced and free convecfilonv through two
parallel porous walls. Elabashbeshy [9] studiedetiects of heat and mass transfer on MHD bountiaygr flow past a
vertical plate in presence of variable temperatum@ concentration. Helmy [10] studied effect of MieB boundary layer

flow of unsteady free convection past a verticabps plate.
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Radiative heat transfer in which heat is transmhiftem one point to another without intervening iined and had
became a significant branch of the engineeringnseie and is an essential aspect of various scenaribazards, solar
power, environmental, chemical, aerospace and mégdlaengineering. Hossain and Takhar [11] studhes effect of
radiation in a laminar mixed convection flow ovevextical plate with uniform surface temperaturan&ethaet al. [12]
analyzed the effect of radiation on MHD laminar bdary layer free convection flow past an impulsjvsfarted vertical
plate with variable surface temperature and comagah. Chandrakala [13] examined the free convedbioundary layer
flow of a viscous incompressible fluid with uniforineat flux in the presence of thermal radiationkidReddyet al.[14]
investigated the thermal radiation effects on hymhagnetic flow due to an exponentially stretchimget. Raptis [15]
analyzed the effects of thermal radiation on freevective flow over a vertical infinite porous magambedded in a porous
medium by using a regular perturbation technigakak [16] analyzed the effect of MHD on boundamgelaflow due to
an exponentially stretching sheet in presence difat@n. An unsteady free convection oscillatorgwfl past a moving
vertical plate in presence of radiation was pre=erily Mansour [17]. Sajid and Hayat [18] examinkd &ffect of
radiation on the mixed convection flow past an ergrtially stretching sheet. This problem was solaedlytically by
employing homotopy analysis. The same problem wdged by Bidin and Nazar [19] using numerical tegue.
Recently, Poornima and Bhasker Reddy [20] analykedadiation effects on MHD free convection bougdayer flow
of nanoflow over a nonlinear stretching sheet. Mdki[21] studied numerically the effects of head amass transfer on

boundary layer flow past a moving vertical porolaggin presence of thermal radiation.

Analysis of transport processes and their intesaciith chemical reaction has the greatest cortioha to many
areas of chemical science. In many chemical engimgprocesses a chemical reaction occurs betwderegn mass and
the fluid. Daset al [22] analyzed the mass transfer along an impelgistarted infinite vertical plate with the effeaif
heat flux and chemical reaction. Many authors stidhe effect of chemical reaction on differentgetries. Effects of
chemical reaction heat and mass transfer, on lanfio& along a semi infinite plate were analyzed Awjalidevi and
Kandaswamy [23]. MHD mixed convection Hiemenz flthwough porous media was studied by Seddstedd. [24] by
taking chemical reaction, variable viscosity andiation in to account. Patil and Kulkarni [25] désed free convective
flow of a micro polar fluid through a porous mediuwith heat generation. Gangadhar and Bhaskar R¢aély
investigated hydro magnetic flow past a moving ieattplate embedded in a porous medium in the peEsef suction

and chemical reaction.

The study of heat source or sink is important iabems of exothermic and endothermic chemical reast
Olanrewajuet al. [28] studied the effect of heat generation onrntt@rboundary layer with a convective surface bounda
condition. Similarity solution of MHD flow past aextical plate with convective boundary conditionswabtained by
Makinde[29]. Later he analyzed the effect of heamtayation on the same problem [30]. Ibrakétral [31] analyzed an
unsteady MHD free convection flow past a verticaiving plate by considering radiation, heat souot®mical reaction
and suction. Hall current effects on MHD flow aloagstretching vertical plate with chemical reactiamternal eat

generation or absorption was analyzed by SalenmAdddEl-Aziz [32].

In this paper an attempt is made to study the tiadigffects on MHD free convective boundary laflew of a
viscous incompressible fluid over a moving vertigklte embedded in a porous medium and the comlgfiedts of heat
source and chemical reaction with convective serfagundary condition. The governing equations efftaw field are

partial differential equations and these equatemesreduced to a set of ordinary differential eiquist by using similarity
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transformations, the resultant equations are cdughe non-linear, and hence are solved numeritgllysing the fourth
order Runge - Kutta method along with shooting téghe. The effects of various governing parametershe velocity,
temperature, concentration are presented graphieatl discussed quantitatively. The local skintivic coefficient,
Nusselt number, plate surface temperature and Sloehare computed numerically for variations in mgjarameters and

reported in tables.
2. MATHEMATICAL ANALYSIS

We consider a steady two dimensional hydro magtietic of a viscous incompressible radiating streafncold
fluid past a semi infinite vertical moving plate leadded in a porous medium, in the presence of desa¢ration and
absorption. The x-axis is taken in the directiontted flow and y-axis perpendicular to it. A uniformmagnetic field of
strengthBy is considered in the transverse direction. Theeglamperature and concentration are taken f§ bedC,, and
the ambient temperature and concentration of thid fire denoted by,, andC,, The cold fluid on the right side of the
plate is heated by convection from hot fluid presdcheat transfdy, and heat is generated internally at volumetrie Gt
The fluid is assumed to be of small electrical amility so that the magnetic Reynolds number iimiess than unity

and hence induced magnetic field can be neglected.

u ry
T Tx
o
g »
Ca
u=Up T
y=0 C
T. u —
! 0 +«——— B
C, o ‘
— ¥
V —p

Figure 1: Schematic Diagram of the Physical Model

Under the above assumptions and usual Boussinapgi®ximation, in the absence of input electriddfiehe

continuity, momentum, energy, and concentratioraiqus describing the flow can be written as
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whereu andv denote the fluid velocity in the- andy - directions respectivelyl andC are the temperature and
concentration of the fluid respectively the kinematic viscosity - the electrical conductivity; - the fluid densityg -
the gravitational acceleratiof, - the thermal expansion coefficient, - the solutal expansion coefficieri, - the
permeability of the porous medium,- the thermal diffusivity, Qo - the heat sourcel, - the specific heat at constant

pressureg; - the radiative heat flu - the mass diffusivityandKr'- the rate of chemical reaction .

The boundary conditions for the velocity, temperai@nd concentration fields at the plate surfackfaninto the

cold fluid are
u(x,0)=U,, v(x,0)=0,

-k"’a_;(x,o)=hf[Tf—T(x0)], (©)

C(x0)=C,= AX + C,

u(x0)=0, T(x®)=T, C(x»)=C,

00

Where C,, is the species concentration at the plate surfAces the constant! is the power index of the
concentrationlJy is the plate velocityk is the thermal conductivity of the fluid.

Following Brewster [33], applying Rosseland appnoaiion, the heat flug, for the optically thick fluid can be written as

_ 40 oT!

e
3k 0y ©6)

Hereo is the Stephen-Boltzmann constant &nis the mean absorption. Taking the temperatuffereifices to be small,

we linearize the equation (3) using Taylor expamsibT* aboutT,.. After simplification we get

4 _ g3
T =41"T 3'[? @

In view of the equations (6) and (7), the equaf®reduces to
2 XT3 32
ua_T+Va_T :a’a_T+&(T— T )+16*0-—T°°6_T
ox dy 9y pC 3Kpg dy @®

In order to write the governing equations and tberaary conditions in dimensionless form, the felltg dimensionless

guantities are introduced.

_u 1Y% __ 1, Uy ..
=Y, [—, ' =—=,—fm)+—=1'(n),
T=Wox u=u, '), "~ "2\ x 2 2X 2

_T-T c-C oB; 98(T; - T.) x
EE— ¢(/7):—°°, HaX: O’erzf—z
Tf T°° CW_Coo IaJO UO

6(n)

Index Copernicus Value: 3.0 — Articles can be semb editor.bestjournals@gmail.com



Radiation and Chemical Reaction Effects on MHD Nattal Convection Flow Past A Moving Vertical 21
Plate Embedded in A Porous Medium with Heat Sourcand Convective Surface Boundary Condition

_9B(C,~C)x . _h |ux _ Qx
Ge, = B =t (X U g 5=
CS( U02 X k UO PI’— p y SC— D y S< Uomp

1 *. 3
KrX,NCZL,R:M*T“’,Q:L
Us C.—C, 3K’k Kc

Kr, =
)
where prime denotes differentiation with respect,tg is the similarity variablef () - the dimensionless stream
function, f'(#) - the dimensionless velocity(; )- the dimensionless temperatuygy) - the dimensionless concentration
Ha, - the local magnetic field paramet@&t, - the local thermal Grashof numbé&r, - the modified Grashof numbef) -
the permeability parametec; the stretching sheet parametBi, - the local convective heat transfer paramefer; the

Prandtl numberSc- the Schmidt numbef, - the local heat source parametér, - the local chemical reaction parameter,

Nc - the concentration difference parameter Radhe radiation parameter.

In the view of the above similarity transformatiptisee equations (2), (8) and (4) reduce to

f’"+% ff"~Ha, f'+Grd+Gcgo-Qf' (1)

(10
(1+4R)6" +Lprig+ Pr§é = (
2 (11
¢" o1 Scfg' - ScKy(g+ N§=0
2 (12)
The corresponding boundary conditions are
f (0)=0,
6'(0)=Bi,[6(0)-1], ¢(0)=1
f'(w)=0, 8(x)=0, ¢()=0 (13)

It can be noted that the local parametdes, Gr,, Gg, Bi,, andKr, and in (10) - (12) are functions &fand

generate local similarity solution. In order to Bavtrue similarity solution we assume the follogvielation [34]:

_ a b c
h=—7, 0c=2, g==
f x < B <
. d e ,.m
B ==, Q=—, Kr'=—
X X X

(14)

wherea, b, ¢, d, endm are the constants with appropriate dimensionsidw of relation (2.14) the parameters,
Ha,, Gr,, GG, Bi,, andKr, and are now independentoind henceforth, we drop the indexfor simplicity.
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For the type of boundary layer flow under consitlera the skin-friction coefficient, Nusselt numband
Sherwood number are important parameters. Thegieseribed as follows.

Knowing the velocity field, the shearing stresshat plate can be obtained, which in non-dimensiforah (skin-

friction coefficient) given by

2r, _ 2u ,0u S L
c, === =2Re* (9
0o Mg oy

whereRg is the Reynolds number arfj)is the shear stress along the plate.

Knowing the temperature field, the heat transfeefficient at the plate can be obtained, which ia tion-

dimensional form in terms of the Nusselt numbegivgn by

Nu=— WX —_ XL)[a—Tj =-Re26(0

ay y=0

gw is the surface heat.

Knowing the concentration field, the mass transfeefficient at the plate can be obtained, whiclthi@ non-

dimensional form in terms of the Sherwood numbegiven by

sh=— X __-___ X [g_cyj =-Re2¢ (0

k(G.-C) (G-G)
Om is the surface mass.
3. SOLUTION OF THE PROBLEM

In this section, we present the numerical solutiérthe system of ordinary differential equation®)(: (12)
subject to the boundary conditions (13). Equati¢i®) - (12) constitute a highly non linear coupledundary value
problem of third and second order and in geneiflcdlt to solve analytically. So we develop maftective numerical
shooting technique (Jaiet al [35]) with fourth-order-Runge-Kutta integratioch&me with Newton Raphson Method.
First of all, higher order non-linear differenti@atjuations (10) - (12) are converted into simultaselinear differential
equations of first order. The set of these equat@me converted into an initial value problem byangeof the shooting
technique. The resultant equation is solved by Rtigtta fourth order method. As the criterion ofigeergence, in order
to get six decimal place accuracy of humerical tsoy the step size is taken 4§=0.0001. From the process of numerical
computation, the physical quantities such as tirefsiction coefficient, heat transfer coefficiepiate surface temperature

and mass transfer coefficient are also obtained.
4. RESULTS AND DISCUSSIONS

In order to get a physical insight into the probleanparametric study is conducted to illustrate effects of
different governing parameters viz ., the magnétild parameterHa), the thermal Grashof numbeBr), the modified

Grashof numberGc), the permeability paramete®), the convective heat transfer parameigy, the Prandtl numbe®f),
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the Schmidt numbelS@, the heat source parametes)(the radiation parameteR), the chemical reaction parametéar(
and concentration difference parametdc)(upon the nature of flow and transport, the nuo@rresults are depicted
graphically in Figs.2-21. Throughout the calculatipthe parametric values are chosen asl#s10.1,Gr=G¢=0.1,0Q=0.5,
Bi=0.1,Pr=0.72,5=0.02,R=0.1,Kr=0.1, Sc=0.62 andNc=0.01. All the graphs therefore correspond to thedees unless
specifically indicated on the appropriate graphmsucal results for the skin-friction coefficiertihe Nusselt number, the

Sherwood number and plate surface temperatureafious values of physical parameters are repontd@bles.

In Figure 2 depicts the velocity distribution faffdrent magnetic parameter4) values. It is observed that Ha
increases, the velocity decreases. This is dubdddct that applied magnetic field gives rise trdntz force, which
opposes the velocity. Figure 3 denotes the efféddaon the temperature. It is seen that the temperaitithe fluid
increases abla increases. This is due to the fact that appliegnetc field tends to heat the fluid, and thus duthe

heat transfer from the wall and simultaneouslyéases its concentration boundary layer is presémtédjure 4.

The effect of the convective heat transfer param@g) on the temperature is presented in Figure 5 Helen
that with an increase in the convective heat temphrameter, the thermal boundary layer thickmesgases with an

increase in the plate surface convective heat pateam

The effects of the thermal Grashof numb@r)(and mass (solutal) Grashof nhumb@c) on the velocity field are
shown in Figure 6 and Figure 7. It is found that tkelocity increases with an increase@nandGc. This is due to an
increase inGr and Gc¢, the thermal and mass buoyancy effects incredsas;esurface cooling increases, results in
increase in velocity. It can be seen that veloityeases near the plate and decreases smoothiyfeama the plate for
increasing values dbc. Figure 8 and Figure 9 illustrates the tempeeatlistribution for different values @r andGc. It
can be seen that temperature decreases for ingeasiues ofcr andGce. The effect of buoyancy paramet&s andGce
on the concentration field is illustrated in Figli@ and Figure 11. It is noticed that concentraionndary layer thickness
decreases with an increase in the thermal or $otashof numbers. It is due to fact that an inseemn Gc and Gr,

increases the mass buoyancy effect, and theredogéd flow increase and hence concentration ineseas

Figures 12-14 display the effect of the permeabparameter Q ) on the velocity, temperature and concentration
distributions. As shown in the figures, the temp@mand concentration are increasing with increatiie dimensionless
permeability parameter and the velocity decrease§aincreases. It is observed that, the velocity demgaas the
permeability parameter increases. The param@eis inversely proportional to the actual perme&piK of the porous
medium. Hence an increase M will increase the resistance of the porous medias the permeability physically

becomes more) which will tend to decelerate the fimd thereby reduce its velocity.

Figure 15 shows the effect of the Prandtl numBe)y én the temperature. The Prandtl number definesdtio of
momentum diffusivity to thermal diffusivity. It isan be seen that with an increas®inthe temperature decreases. This is
because, physically, if Prandtl number increases, thermal diffusivity decreases equivalent to éase the thermal
conductivities, and therefore heat is able to défaway from the heated surface more rapidly tbahifher values oPr

that reduces the thermal boundary layer.

Figure 16 depicts the temperature distributionvmious values of thermal radiation parameRr [t can be seen

that asRincreases there is an increase in thermal bouridgey.

Figure 17 shows the variation of the temperaturéh Wie heat source paramet§. (It is noticed that as heat
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source parameter increases, temperature incredlespresence of heat source rise in the heat genereauses an

increase in the thermal state of the fluid and behermal boundary layer increases.

Figure 18 shows the variation of the concentrapoofile for different values of chemical reactioarpmeter
(Kr).1t is seen that aKr increases, concentration decreases. This is beegéheseKr increases the bonds between atoms

will break up and thereby dilutes the concentratibthe fluid.

The effect of chemical reaction paramet€r)(on the concentration is presented in Figure LB dbserved that
the species concentration decreases with an irecri@athe chemical reaction parameter. Physically gihows that an
increase in chemical reaction parameter breaks@ponds between the atoms and thus the densihe afpecies dilutes

and thereby decreases the concentration of tha flui

The variation in the velocity and concentration haary layer of the flow field for different values Schmidt
number are shown in Figure 19 and Figure 20. Teeteof Schmidt number is to decrease the conaéotr distribution
of the flow field. It is further found that the dease in the concentration boundary layer of tbev ffield is more
significant in presence of heavier diffusing speci€his causes buoyancy effects to decrease yipldiduction in the

velocity.

The effect of the concentration difference paramge) on the temperature is shown in Figure 21. Itlzarseen

that, an increase in the concentration differerarammeter decreases the concentration.

Numerical results for the skin-friction coefficierthe Nusselt number, Sherwood number and plat&acir
temperature for various values of physical pararaetee reported in Tables. It is observed thathigeace of radiation
parameter and the permeability parameter thabi®R$0 and Q =0; (10), (11) and (12) together with boundary dbod
(13) are the same as those obtained by Rout [3@&.pFesent results are compared with that of Rioal [87] for the skin
friction coefficient, Nusselt numbers, plate suedemperature and Sherwood number in Table 1 throed case RR=0

and found that there is an excellent agreement.

From Table 2, an increase in the local convectiwat ltransfer parameter shows an increasing tremioeitocal
skin friction coefficient, heat transfer coeffictemass transfer coefficient and plate surface &atpre. It is observed as
magnetic parameter increases, the plate surfageetature increase while the skin friction, ratebedit and mass transfer
decrease. It can be seen that with an increaseipdrmeability parameter, the skin friction caréfnt, rates of heat and

mass transfer coefficients decrease, where addte qurface temperature increases.

From of Table 3, it is noticed that as the radiafimrameter increases, the skin friction coeffigiptate surface
temperature and Sherwood number increase whete dsusselt number decreases. With the data inakefour rows of
Table 3, it is seen that as the Prandtl numberases, there is a rise in the Nusselt number dhih flhe skin friction
coefficient, the plate surface temperature and 8bed number. With the data in the last four rowshaf Table 3 it is
observed that as heat source parameter increaseskith friction coefficient, plate surface temparatand Sherwood

number increase while the Nusselt number decreases.

From Table 4 it is clear that both the skin fricticoefficient and Nusselt number decrease whilethe surface
temperature increase and Sherwood number increasgsapidly as the Schmidt number or chemical ieagparameter

or concentration difference parameter increases.
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Figure 4: Concentration Profiles for Different Values ofHa
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Figure 9: Temperature Profiles for Different Values ofGc
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Tablel: Comparison of thePresent Results with that of Routet al. [36]

31

Bi | Gr | Ge |Ha | Pr | Sc | J'O) -9'(0) o) -0(0) J') -0'(0) 4(0) -0'(0)

0.10.1]01)01]0.72]0.62|-0.402271 | 0.078635 | 0.213643 | 0.3337425 | -0.402271 | 0.078635 | 0.213643 | 0.333742
10 [ 01]01]01][072]0.62]-0.352136 | 0.273153 | 0.726846 | 0.3410294 | -0.352136 | 0.273153 | 0.726846 | 0.341029
0.1]05]01]01]0.72]0.62]|-0.322212 | 0.079173 | 0.208264 | 0.3451301 | -0.322212 | 0.079173 | 0.208264 | 0.345130
0.1]10]01]01]0.72]0.62]-0.231251 | 0.079691 | 0.203088 | 0.3566654 | -0.231251 | 0.079691 | 0.203088 | 0.356665
0.1]01]05]01]0.72]062]-0.026410 | 0.080711 | 0.192889 | 0.3813954 | -0.026410 | 0.080711 | 0.192889 | 0.381395
0.1]01]10]0.1]0.72]0.62 | -0.379918 | 0.082040 | 0.179592 | 0.4176699 | -0.379918 | 0.082040 | 0.179592 | 0.417669
01010101 1.0 ]062][-0.407908 | 0.081935 | 0.180640 | 0.3325180 | -0.407908 | 0.081935 | 0.180640 | 0.332518
0.1]01]01]01][0.72]078[-0.411704 | 0.078484 | 0.215159 | 0.3844559 | -0.411704 | 0.078484 | 0.215159 | 0.384455

Table 2: Numerical Values of theSkin Friction ' (0), Nusselt Number 6'(0), plate Surface Temperatured(0), and
the SherwoodNumber -¢'(0) for Kr=0.1,Nc=0.01,Pr=0.72,R=0.1

S$=0.02 andSc=0.62

Bi [Ha|Ge|Gr[ Q] f'® | -8 [ 60 | -0’
0.1 | 0.1]01]01]|0.5]-0.767385 | 0.069413 | 0.305626 | 0.388505
015 0.1 | 01| 0.1] 0.5 | -0.738092 | 0.130827 | 0.561797 | 0.391220
02 10.1]01]01]|0.5]-0325170 | 0.169380 | 0.828240 | 0.393031
0.1 10.1]01]0.1]|0.5]-0.764439 | 0.069432 | 0.305190 | 0.388505
0.1 |03 01]0.1]|0.5]-0.870754 | 0.068214 | 0.317161 | 0.379190
0.1 |05]01]0.1]| 0.5 -0.968835 | 0.067114 | 0.328202 | 0.371777
0.1 1 0.1 ] 1.0]0.1|0.5]-0.129323 | 0.075371 | 0.245259 | 0.445081
0.1 | 0.1] 30|01 0.5 1.070647 | 0.079649 | 0.202370 | 0.516541
0.1 | 0.1|50]0.1 |05 2.133467 | 0.081573 | 0.183059 | 0.563180
0.1 | 0.1 ] 0.1] 01| 0.5 -0.761495 | 0.069450 | 0.304754 | 0.388103
0.1 |10.1]01]03]|0.5]-0.709114 | 0.070423 | 0.294986 | 0.394949
0.1 | 0.1 ] 01|06 0.5 -0.637631 | 0.071529 | 0.283882 | 0.403611
01 (01010101 -0.489237 | 0.072482 | 0.274315 | 0.413471
0.1 10.1]01]0.1]| 04 ]| -0.701358 | 0.070133 | 0.297895 | 0.393351
0.1 | 0.1]01]01]| 0.7 -0.870754 | 0.068214 | 0.317161 | 0.379190
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Table 3: Numerical Values of the Skin Frictionf" (0), Nusselt number #'(0), Plate Surface Temperatured (0), and
the Sherwood Number ¢'(0) for Bi=0.1,Gr=0.1,G¢=0.1,Ha=0.1,Kr=0.1

Nc=0.01 and9=0.5

R Pr| s | () -9'(0) 0(0) -0'(0)
0.1] 0.72] 0.02 -0.761495 0.069450 0.304754 0.388103
0.3] 0.72] 0.02 -0.753944 0.063840 0.360824 0.389539
05| 0.72] 0.02 -0.749542 0.060644 0.392760 0.390400
0.7] 0.72] 0.02 -0.746566 0.0585p9 0.414096 0.390991
0.1] 0.72] 0.02 -0.761495 0.069450 0.304754 0.388103
0.1] 1.0] 0.02 -0.767268 0.073882 0.260445 0.387056
0.1 15| 0.02 -0.773714 0.079086 0.208419 0.385965
0.1 20| 0.02 -0.77742p 0.082288 0.176425 0.385397
0.1] 0.72] 0.02 -0.761495 0.067450 0.304754 0.388103
0.1] 0.72] 0.04 -0.75833D 0.066985 0.330645 0.388642
0.1] 0.72] 0.06 -0.754147 0.0636p6 0.364635 0.389356
0.1] 0.72] 0.0§ -0.748383 0.059085 0.411204 0.390343

WNO[OT[OHSTW[OT[O R[0T

Table 4: Numerical Values of the Skin Frictionf" (0), Nusselt Number-6'(0), plate Surface Temperaturef(0), and
the Sherwood Number-¢'(0) for Bi=0.1,Gc=0.1,Gr=0.1,Ha=0.1,Kr=0.1

Pr=0.72,R=0.1 and2=0.5

Kr | Sc | Nc | f'(0) -9'(0) 0(0) -0'(0)
0.1] 0.62] 0.01 -0.761495 0.069450 0.304754 0.388103
0.3| 0.62] 0.01 -0.77039% 0.069116 0.308111 0.534169
05| 0.62] 0.01] -0.775927 0.068980 0.309977 0.641540
0.7] 0.62] 0.01 -0.779929 0.068807 0.311205 0.733205
0.1 0.3] 0.01 -0.73405) 0.0590P1 0.408964 0.263130
0.1] 0.62] 0.01 -0.746718 0.058618 0.413006 0.390961
0.1 1.0| 0.01 -0.75641B 0.058365 0.415538 0.516581
0.1 15| 001 -0.76483% 0.058100 0.417298 0.653738
0.1] 0.62] 0.01 -0.761495 0.069450 0.304754 0.388103
0.1] 0.62] 0.04 -0.762296 0.0694D5 0.305210 0.395348
0.1] 0.62] 0.07 -0.763097 0.069359 0.305671 0.402600
0.1] 0.62] 0.1] -0.76390D 0.069312 0.306136 0.409860

ONO[0T[~ |00 OO N[/~ |0T

CONCLUSIONS

This paper analyzes the effect of thermal radiabonMHD free convective flow over a moving vertiqahte
embedded in a porous medium in the presence ofdmeate and chemical reaction with convective sarfaoundary

condition. The results and discussion of the priestly leads to the following observations.

* Anincrease in the magnetic parameter enhance®tiygerature, concentration, Skin friction coeffitieNusselt

number, plate surface temperature, and Sherwoota&ubut reduces the velocity.

* Increase in the convective heat transfer paranmteeases the temperature, the skin-friction coieffit, Nusselt

number, Sherwood number and plate surface temperatu

* Anincrease in the permeability parameter leadsntincrease in the temperature, concentration &atd purface

temperature and decrease in the velocity, skitidriccoefficient, Nusselt number and Sherwood numbe

 As mass (solutal) Grashof increases the velocityemses near the plate and then it decreases dynaothy
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from the plate, while the velocity increases thioaugt the boundary layer with an increase in thentlaé Grashof

number.

An increase in the mass (solutal) Grashof or théer@m@ashof number causes a fall in the temperattire,
concentration as well as the plate surface temperaivhereas rise in the skin friction coefficiddtisselt number

and Sherwood number.

As the Prandtl number increases, the temperatwie, feiction coefficient, plate surface temperatuaed

Sherwood number decrease while the Nusselt numbegases.

There is an increase in the thermal boundary lah@kness, the skin friction coefficient, plate faae
temperature and Sherwood number while the Nussghiber decreases with an increase in the radiation

parameter or heat source parameter.

As the chemical reaction parameter or the concénraifference parameter Schmidt number increases there
is an increasén the plate surface temperature @tierwood number while decrease in the concentrasian

friction coefficient and Nusselt number.

An increase in the Schmidt number leads to a desedn the velocity.
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