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ABSTRACT

The present paper is to investigate the effect of linear thermal stratification in stable stationary ambient fluid on
steady MHD convective flow of a viscous incompressible electrically conducting fluid along a moving, non-
isothermal vertical plate in the presence of mass transfer, Soret and Dufour effects and heat generation or
absorption. The governing equations of continuity, momentum and energy are transformed into ordinary differential
equations using local similarity transformation. The resulting coupled non-linear ordinary differential equations are
solved using Runge-Kutta fourth order method along with shooting technique. The velocity and temperature
distributions are discussed numerically and presented through graphs. The numerical values of skin-friction
coefficient and Nusselt number at the plate are derived, discussed numerically for various values of physical
parameters and presented through Tables. The numerical results are benchmarked with the earlier study by Shrama
and Singh [ 15] and found to be in excellent agreement.

Key words: Heat and Maas transfer, heat generation or alsorpthermal stratification, MHD, convection,
boundary layer flow, non-isothermal plate.

INTRODUCTION

Convective heat transfer in thermal stratified ambifluid occurs in many industrial applicationsdais an
important aspect in the study of heat transfestidtification occurs, the fluid temperature isdtion of distance
and convection in such environment exists in lakesans, nuclear reactors where coolant (gendigillyl metals)
is present in magnetic field etc. Cheesewrightdgtdmined the natural convection along an isothenedical

surface in non-isothermal surroundings. Chen arahtgirn [2] studied natural convection along anhisonal

vertical plate in thermally analyzed the effecinmdignetic field on natural convection in liquid mdtdaK) used as
coolant in nuclear reactor. Venkatachala and Na}lolptained the non-similarity solution for natucalnvection in
thermally stratified fluid. Uotani [4] experimenitalstudied the natural convection in thermally stiGation for

liquid metal (PbBi). Kulkarni et al. [5] investigad the problem of natural convection from an isotted flat plate
suspended in a linearly stratified fluid mediumtr@sh [6] presented the similarity solution of matuconvection
along vertical isothermal plate.

The study of magnetohydrodynamic (MHD) flows playsimportant role in agriculture, engineering aptrgeum

industries. The problem of free convention underittiluence of a magnetic field has attracted therest of many
researchers in view of its applications in geopts/sind astrophysics. Soundalge&aal .[7] analyzed the problem
of free convection effects on Stokes problem faegtical plate under the action of transverselyliagpmagnetic

field. Helmy[8] presented an unsteady two-dimenaiolaminar free convection flow of an incompressijbl
electrically conducting (Newtonian or polar) fluidrough a porous medium bounded by an infiniteic@riplane

surface of a constant temperature. Zueco[9] andlyfze hydromagnetic convection past a flat plate.
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The heat source/sink effects in thermal convectane, significant where there may exist a high tewsuoee
differences between the surface (e.g. space oodlff)band the ambient fluid. Heat Generation is atgportant in
the context of exothermic or endothermic chemiealction. Sparrow and Cess [10] provided one ofetudiest
studies using a similarity approach for stagnapomt flow with heat source/sink which vary in timeop and
Soundalgekar [11] studied unsteady free convedliom past an infinite plate with constant suctiardaeat source.
Hossairet al.[12] studied problem of the natural convection flaleng a vertical wavy surface with uniform surface
temperature in the presence of heat generationfatiigo. Chamkha and Khaled [13] obtained similagbjution of
natural convection on an inclined plate with intdrheat generation/absorption in presence of texrssvmagnetic
field. Molla et al. [14] observed the effect of hganeration/absorption on natural convection a@mgavy surface.
Shrama and Singh [15] have studied the Steady M¥Hural Convection Flow with Variable Electrical
Conductivity and Heat Generation along an Isothévfeatical Plate. Tania et al [16] considered tHteas of
Radiation, Heat Generation and Viscous DissipatioMHD Free Convection Flow along a Stretching $hee

In all these studies Soret / Dufour effects araum&sl to be negligible. Such effects are signifioahen density
differences exist in the flow regime. For exampleew species are introduced at a surface in fluidadio, with
different (lower) density than the surrounding dluboth Soret and Dufour effects can be significafgo, when
heat and mass transfer occur simultaneously in @ingdluid, the relations between the fluxes and triving
potentials are of more intricate nature. It hasnbémund that an energy flux can be generated ndy bgy
temperature gradients but by composition gradiastsvell. The energy flux caused by a compositicadignt is
called the Dufour or diffusion-thermo effect. Oretbther hand, mass fluxes can also be createdniyyetature
gradients and this is called the Soret or thernfélksion effect. The thermal-diffusion (Soret) effefor instance,
has been utilized for isotope separation, and ixtureé between gases with very light molecular weigi2, He)
and of medium molecular weight (N2, air), the diffan-thermo (Dufour) effect was found to be of asiderable
magnitude such that it can not be ignored (Ecked Brake [17]). In view of the importance of thesigove
mentioned effects, Dursunkaya and Worek [18] stlidigfusion-thermo and thermal-diffusion effectstiansient
and steady natural convection from a vertical sarfavhereas Kafoussias and Williams [19] presetttedsame
effects on mixed free-forced convective and masssfier boundary layer flow with temperature depahde
viscosity. Maleque [20] was discussed by Dufour &uwdet Effects on unsteady MHD convective heat isads
transfer flow due to a rotating disk. Sravan et[2l] have analyze the effect of Soret parametethenonset of
double diffusive convection in a Darcy porous metdgaturated with couple stress fluid.

The object of the present chapter is to analyzesteady MHD convective flow of a viscous incompiieles
electrically conducting fluid along a moving, n@woihermal vertical plate by taking mass transfereSand Dufour
effects and heat generation or absorption into @ticoThe governing boundary layer equations havenbe
transformed to a two-point boundary value problemsimilarity variables and the resultant problemsidved
numerically using the forth order Runge-Kutta melthalong with shooting technique. The effects ofiaas
governing parameters on the fluid velocity, tempem concentration, skin-friction coefficient, Nsgdt number and
Sherwood number are shown in figures and tablesaaatyzed in detail.

MATHEMATICAL ANALYSIS
Consider steady laminar convective flow of a visaoucompressible electrically conducting fluid ajoa non-

conducting, non-isothermal vertical plate movinghwionstant velocity), kept at temperaturé,, , and the ambient
fluid far away from plate has temperatufg . Thex-axis is taken along the plate aywdxis is normal to the plate.

The ambient fluid has temperatufg atx = 0. Magnetic field of uniform intensity3, is applied iny direction. The

physical model is given in Figurel. It is assumbdttthe external field is zero, also electricaldfiglue to
polarization of charges and Hall effects are neghkcincorporating the Boussinesq's approximatiathiw the
boundary layer, the governing equations of contynuhomentum, energy and species [Jeffery [22],aaf23],
Schlichting and Gersten [24]], respectively areegiby:

Continuity equation

ou, ov_, (2.1)
ox oy

Momentum equation
0u du_ 0u oB.
— tV—=y—-
ox oy oy’

u+gB(T-T,)+9gB.(C-C)) (2.2)
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Energy equation

2 2
pcp(ua—T+va—Tj = ka T2 + Dyl 0 Cz: +q(T-T,) (2.3)
oy c. oy

S

Species equation
dC aC __ 9°C Dk 07T
u \% +

T ay—== 24
ox oy "oy’ T, oy’ @4
The boundary conditions for the velocity, temperatnd concentration fields are
u=U,v=0,T=T,=T,+bx, C=C, aty=0
u-0T T, =T,+ax,C - C, asy -0 (2.5)

where u, v, T and C are the fluid x-component dbeity, y-component of velocity, temperature anch@antration
respectively, is the fluid kinematics viscosity, 0 - the density,0 - the electric conductivity of the ﬂuidﬂT

and,Bc- the coefficients of thermal and concentrationamgions respectivelyk - the thermal conductivityC,, -
the free stream concentratidy, - the magnetic induction,lJ - the free stream velocityD,,, - the mass diffusivity

and g is the gravitational acceleration, €8¢ is the species concentration at the plate surface.

The mass concentration equation (2.1) is sati¢fiethe Cauchy-Riemann equations
0 0

w2 oy
ay ox

where (X, Y)is the stream function.

(2.6)

To transform equations (2.2) - (2.4) into a setaoflinary differential equations, the following slarity
transformations and dimensionless variables arednted.

U T-T. c-C oBxX*
=y —, y=yJuxU (@), 0@n)= =, S =, M =—2—(Re)",
n y,/ux =y (7). 6(7) T T, @) c.-cC. (Re)

U
Gr = g,Br(TWZ—Tm)x Ge= gﬁc(sz—Cm)x’ Du = D.k (C,-C.) a-= D,k (T, —T.) |
u pec,(T,~T.) '~ puT,(C,~C.)
C
S:E<1,U:£,Pr:h,&ziyRe:%,Q:%_ (2.7)
b p k D,, v U

wheren - similarity variablef - dimensionless stream functioh; dimensionless temperaturg, - dimensionless
concentration,M - the Magnetic field parameterGr - the thermal Grashof numbefC - the solutal Grashof
number, DU - the Dufour number S -the Soret numbefS - Stratification parameter) - the kinematic viscosity,

Pr - the Prandtl numberSC -the Schmidt numbeiRe - the Reynolds numbe€) — heat generation or absorption
parameter.

In view of equations (2.6) and (2.7), Equation®)20 (2.4) transform into

f’"+%ff"+Gr«9+cho—Mf'=O (2.8)
9"+%Pr f6'+ PrDug ™ PQ8 = ( (2.9)
qo"+%8cf¢f+ S6"=0 (2.10)

The corresponding boundary conditions are

3167



M. J. Subhakar et al Adv. Appl. Sci. Res., 2012, 3(5): 3165-3184

f=0,f'=16(0)=1Sp=": at y=0
f'=0,=0,p=0 as y=oo (2.11)

where the prime symbol represents the derivatith mispect to] and

Other physical quantities of interest for the pewsbl of this type are the skin friction
1 1

parameteC, = 2(Re)_5 f "(0), the plate surface temperatéi0), Nusselt numbeNu = —(Re)? 8 '(0) and
I Ux
the Sherwood numbefh = —(Re)? ¢ '(0) (whereRe = — is the Reynolds number). For local similarity case
U

integration over the entire plate is necessarybtaino the total skin friction, total heat and masssfer rates.

SOLUTION OF THE PROBLEM

The set of coupled non-linear governing boundamgeraequations (2.8) - (2.10) together with the lamy
conditions (2.11) are solved numerically by usinghge-Kutta fourth order technique along with shaogtinethod.
First of all, higher order non-linear differentiglquations (2.8) - (2.10) are converted into simétaus linear
differential equations of first order and they dwether transformed into initial value problem bgpdying the
shooting technique (Jait al[25]). The resultant initial value problem is salvby employing Runge-Kutta fourth

order technique. The step siZ®7 =0.05 is used to obtain the numerical solution Vi decimal place accuracy
as the criterion of convergence. From the procéssimerical computation, the skin-friction coeféat, the Nusselt
number and the Sherwood number, which are resgégtproportional to f “(0),—& (0) and—¢/(0), are also
sorted out and their numerical values are presentadabular form.

RESULTSAND DISCUSSION

The governing equations (2.8) - (2.10) subjecth® boundary conditions (2.11) are integrated asriesl in
section 3. Numerical results are reported in thél@s 1-2. The Prandtl number is taken to be Pr=@viich
corresponds to air, the value of Schmidt numbel) (8ere chosen to be Sc=0.24,0.62, 0.78,2.62, reptieg

diffusing chemical species of most common inteiresir like H, , H,O, NH ; and Propyl Benzene respectively.

The effects of various parameters on velocity pesfin the boundary layer are depicted in Figs. k-8 observed
that the velocity starts from a higher value at pkate surface and decrease to the free streame fallaway from
the plate surface satisfying the far field boundaogdition for all parameter values. In Fig. 1 #ifect of increasing
the magnetic field strength on the momentum bountdser thickness is illustrated. It is now a wedtablished fact
that the magnetic field presents a damping effecthe velocity field by creating drag force thapopes the fluid
motion, causing the velocity to decease. Simikandrof slight decrease in the fluid velocity nda vertical plate is
observed with an increase in Stratification par@mé) (see in Fig.2). Fig.3 illustrates the effect bé tthermal
Grashof numberGr) on the velocity field. The thermal Grashof numbmgnifies the relative effect of the thermal
buoyancy force to the viscous hydrodynamic forddwe flow is accelerated due to the enhancementiadydncy
force corresponding to an increase in the thermmak®f number i.e. free convection effects. Itasiged that the
thermal Grashof numbe6() influence the velocity field almost in the boungdéayer when compared to far away
from the plate. It is seen that as the thermakwanumber Gr) increases, the velocity field increases. Theotffe
of mass (solutal) Grashof numbe&d) on the velocity is illustrated in Fig.4. The mgsolutal) Grashof number
(Gc) defines the ratio of the species buoyancy forceht viscous hydrodynamic force. It is noticedttthe
velocity increases with increasing values of thieitsd Grashof number. Further as the mass Grastober Gc)
increases, the velocity field near the boundargiagcreases.

Fig.5 illustrates the effect of the Schmidt num{&s) on the velocity. The Schmidt numb&c) embodies the ratio
of the momentum diffusivity to the mass (specieiffusivity. It physically relates the relative thiness of the
hydrodynamic boundary layer and mass-transfer @otnation) boundary layer. It is noticed that ahr8idt
number &) increases the velocity field decreases. Figusitithtes the effect of Prandtl numbEr)(on the velocity.

It is noticed that as the Prandtl numbeer)(increases, the velocity increases. As seendreéilier cases, far away
from the plate, the effect is much significant..Figshows the variation of the velocity boundaryelawith the heat
generation/absorption paramet&)).( It is noticed that the velocity boundary laydickness increases with an
increase in the heat generation/absorption paraniéte 8 shows the variation of the velocity boandlayer with
the Dufour numberu). It is observed that the velocity boundary latfeckness increases with an increase in the
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Dufour number. Fig. 9 shows the variation of thiogity boundary-layer with the Soret numb&r)( It is found that
the velocity boundary layer thickness increaseh wait increase in the Soret number.

As per the boundary conditions of the flow fieldden consideration, the fluid temperature attaigsniaximum
value at the plate surface and decreases expoihemtighe free stream zero value away from theepld his is
observed in Figs. 10-18. The effect of the magnetiameterNl) on the temperature is illustrated in Fig.10.slt i
observed that as the magnetic parameter incretdsedemperature increases. Fig.11 illustrates ffexteof the
Stratification parameterS[ on the temperature. It is noticed that as Sitation parameter increases, the
temperature decreases. From Figs. 12 and 13plitsisrved that the thermal boundary layer thickdesseases with
an increase in the thermal or Solutal Grashof numlffigr or Gc). Fig. 14 illustrates the effect of Schmidt number
(%) on the temperature. It is noticed that as thban®dt number $c) increases an increasing trend in the
temperature field is noticed. Much of significamntribution of Schmidt numbeIS¢) is noticed as we move far
away from the plate.

The effect of Prandtl numbePr) on the temperature field is illustrated Fig.1&s the Prandtl nhumberP()
increases the themal boundary layer is found tmtreasing. Fig.16 illustrates the effect of thathgeneration or
absorption parameteQf on the temperature. It is noticed that as that lyeneration or absorption parameter
increases, the temperature increa$ég. 17 shows the variation of the thermal boundaygr with the Dufour
number Du). It is noticed that the thermal boundary layeckhess increases with an increase in the Dufour
number. Fig. 18 shows the variation of the therbmaindary-layer with the Soret numb&)( It is observed that the
thermal boundary layer thickness decreases with@aerase in the Soret number.

Figs. 19-27 depict chemical species concentratigaingt span wise coordinate for varying values physical
parameters in the boundary layer. The species atmat®n is highest at the plate surface and dseréa zero far
away from the plate satisfying the boundary conditiThe effect of magnetic paramet®f) (on the concentration
field is illustrated Fig.19. As the magnetic paseden increases the concentration is found to bee&sing.
However, as we move away from the boundary layer effect is not significant. The influence of SBiatification
parameter § on the concentration field is shown in Fig.20.is noticed that the concentration decreases
monotonically with the increase of ti@ratification parameteiThe effect of buoyancy parameters (Gr,Gc) on the
concentration fieldis illustrated Figs. 21 and 22. It is noticed thia¢ concentration boundary layer thickness
decreases with an increase in the thermal or SdBrashof numbersGr or Gc). Fig. 23 illustrates the effect of
Schmidt number &) on the concentration. It is noticed that as 8uhmidt number &) increases, there is a
decreasing trend in the concentration field. Notmaf significant contribution of Schmidt numbé&c) is noticed

as we move far away from the plate.

The influence of the Prandtl numbePr] on the concentration field is shown in Fig.2#is noticed that the
concentration decreases monotonically with theeiase of the Prandtl numbdathe influence of the heat generation
or absorption parametef) on the concentration field is shown in Fig.26is noticed that the concentration
decreases monotonically with the increase offtsat generation or absorptidrig. 26 shows the variation of the
concentration boundary-layer with the Dufour num{i2u). It is observed that the concentration boundaget
thickness decreases with an increase in the Dufiounber. Fig. 27 shows the variation of the coneiuin
boundary-layer with the Soret numb&r)( It is found that the concentration boundary fajéckness increases with
an increase in the Soret numb8r)(

In order to benchmark our numerical results, tresent results fahe 8'(0) in the absence ¥, Gr, Ge, Sc, Du,

S, S are comparegith those of Shrama and singh [15] and found tirexcellent agreement as demonstrated in
Table 1. From Table 2, it is observed that thellgkm-friction coefficient, local heat and masartsfer rates at the
plate increases with an increase in the buoyanagefo or Dufour number or Soret number or heat
generation/absorption parameter. As the Schmidtbeunincreases, both the skin-friction and Nussahimer
decrease, whereas the Sherwood number increassas Ifound that the local skin-friction coefficieand local
mass transfer rate at the plate decreases but INussber increases with an increase in the Pramadtiber. It was
observed that the local skin-friction coefficietdcal heat and mass transfer rates at the plateasss with an
increase in the Magnetic parameter or Stratificaiarameter.
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Fig.L: Variation of thevelocity T' with M for Pr=0.71, Sc=0.24, Gr=Gc=0.1, $=0.2, Du= Sr=Q=0.1.
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Fig.2: Variation of thevelocity T ' with Sfor Pr=0.71, Sc=0.24, Gr=Gc=0.1, M=0.5, Du= Sr=Q=0.1.
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Gr=1.0,2.0,3.0,4.0

Fig.3: Variation of thevelocity T with Gr for Pr=0.71, Sc=0.24, Ge=1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.4: Variation of thevelocity T with Gefor Pr=0.71, Sc=0.24, Gr=1, S=0.2, M=0.5, Du=Sr=Q=0.1.

—

2 ' 3
n

3171




M. J. Subhakar et al Adv. Appl. Sci. Res., 2012, 3(5): 3165-3184

Sc=0.24,0.62,0.78,2.62
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Fig.5: Variation of the velocity f' with Scfor Pr=0.71,Gr=Gc=1, S=0.2, M=0.5, Du= Sr=Q=0.1.

1.2

1.0

0.84
f'
0.6-

0.44

0.2

0.0 T T T T T T T T T T
0) 1 2 3 4 5 6

Pr=0.24,0.62,0.78,2.62

Fig.6: Variation of the velocity f' with Pr for Sc=0.24, Gr=Gc=1, S=0.2, M=0.5, Du= Sr=Q=0.1.
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Fig.8: Variation of thevelocity T with Du for Pr=0.71, Sc=0.24, Gr=Gc= 1, M=0.5, S=0.2, Sr=Q=0.1.
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Fig.9: Variation of thevelocity T’ with S for Pr=0.71, Sc=0.24, Gr=Ge= 1, M=0.5, S=0.2, Du=Q=0.1.
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Fig.10: Variation of the temperature ® with M for Pr=0.71, Sc=0.24, Gr=Gc=1, S=0.2, Du=Sr=Q=0.1.
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Fig.11: Variation of the temperature @ with Sfor Pr=0.71, Sc=0.24, Gr=Gc=1,M=0.5, Du=Sr=Q=0.1.
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Fig.12: Variation of the temperature 6 with Gr for Pr=0.71, Sc=0.24, Gc= 1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.13: Variation of the temperature 8 with Gc for Pr=0.71, Sc=0.24, Gr=1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.14: Variation of the temperature @ with Sc for Pr=0.71, Gr=Gc= 1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.15: Variation of the temperature @ with Pr for Sc=0.24, Gr=Gc=1, M=0.5, S=0.2, Du=Sr=Q=0.1.

1.0

0.8

0.6- Q=-1.0,0.0,0.5,1.0

o
0.4-

0.2

% —— 5 .

Fig.16: Variation of the temperature @ with Q for Pr=0.71, Sc=0.24, Gr= Gc¢=1, S=0.2, Du=Sr=Q=0.1.
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Du=1.0,3.0,5.0,7.0

Fig.17: Variation of the temperature 8 with Du for Pr=0.71, Sc=0.24, Gr= 1, M=0.5, S=0.2, Sr=Q=0.1.
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Fig.18: Variation of thetemperature 6 with Sr for Pr=0.71, Sc=0.24, Gr=Gc =1, M=0.5, S=0.2, Du=Q=0.1.
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Fig.19: Variation of the temperature ® with M for Pr=0.71, Sc=0.24, Gr= Gc =1, S=0.2, Du=Sr=Q=0.1.
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Fig.20: Variation of the temperature @ with Sfor Pr=0.71, Sc=0.24, Gr= Gc =1, M=0.5, Du=Sr=Q=0.1.
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Fig.21: Variation of the concentration ¢ with Gr for Pr=0.71, Sc=0.24, Gc=1, M=0.5, $=0.2, Du=Sr=Q=0.1.
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Fig.22: Variation of the concentration 2 with Ge for Pr=0.71, Sc=0.24, Gr=1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.23: Variation of the concentration 2 with Scfor Pr=0.71, Gr=Gc= 1, M=0.5, S=0.2, Du=Sr=Q=0.1.
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Fig.24: Variation of the concentration @2 with Pr for Sc=0.24, Gr=Gc=1, M=0.5, S=0.2, Du=Sr=Q=0.1.

3181



M. J. Subhakar et al Adv. Appl. Sci. Res., 2012, 3(5): 3165-3184

1.0

0.8-
0.64 Q=-1.0,0.0,0.5,1.0
0.4

0.24

0.0

0 ' 1 ' 2 ' 3 ' 4
n

Fig.25: Variation of the concentration 2 with Q for Pr=0.71, Sc=0.24, Gr=Gc =1, M=0.5, S=0.2, Du=Sr=0.1.
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Fig.26: Variation of the concentration ¢ with Du for Pr=0.71, Sc=0.24, Gr=Gc= 1, M=0.5, S=0.2, Sr=Q=0.1.
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Fig.27: Variation of the concentration @2 with Sr for Pr=0.71, Sc=0.24, Gr=Gc = 1, M=0.5, S=0.2, Du=Q=0.1.

Table 1 values of 0'(0) for different values of Pr are compared with theresults obtained by Shrama and singh [15]

Shrama and singh[15 Present Results
Pr Without Q | With Q Without Q With Q
g'0) | 6(0) | 6(0) | 6'0)
0.001| -0.0264 0.9391 | -0.062839 | -0.0574165
0.01 -0.0805 0.8236 | -0.0659358| -0.00109612
0.1 -0.2301 0.5424 | -0.100842 | 0.0640626

1.0 -0.5671 0.0058 -0.44375 0.433445
10 -1.1662 | -0.7962 | -1.68029 -3.14378

Table2 Variation of f "(0), —9'(0) and —¢'(O) at the platewith Gr, Gc, Sc, Pr, M, Du, Sr, Q, S.

Gr|Ge| sc|pPr|M|Du|s| Q| s | f"0) | -6'0) | -¢'(0)

1010|024 071 05| 01| 01| 0.1 0.2| 0.6558990( 0.3179780| 0.2741690
20|10 024|071| 05| 0101|021/ 0.2]| 1.1643000| 0.3461440| 0.2869250
30(10(024|071|05|01|01]|0.1]0.2| 1.6417600| 0.3687390 | 0.2976470
1020|024 071 05|01| 01| 0.1 0.2]| 1.4096000( 0.3675870| 0.2987390
10| 30| 024|071|05|01|01]|01] 0.2] 2.1211400| 0.4045810| 0.3190750
10| 10| 062|071 05| 01| 01| 0.1 0.2| 0.5432280( 0.2884810| 0.4196470
10| 10| 262|071 0501|0101 0.2| 0.3314850( 0.2273320| 0.8888617
10| 10| 024| 30| 05| 0101|021/ 0.2]| 0.6105570| 0.3800570| 0.2696790
10(10|024| 50 |05 01| 01| 0.1 0.2| 0.5214600( 0.5426030| 0.2610730
10|10 024|071 10| 01]| 01| 0.1 0.2| 0.2079070( 0.2807960 | 0.2581550
10| 10| 024|071 30| 0101|012/ 0.2]| -0.874264| 0.1897000 | 0.2260430
10|10 024|071 05| 30| 01|01 0.2| 0.8386370| 0.0796548 | 0.2930530
10(10| 024|071 05| 50| 01|01 0.2| 0.9705880( 0.1080130 | 0.3059060
10| 10| 024| 071| 05| 01| 3.0| 0.1 0.2]| 0.7681750| 0.3428290| 0.1420110
10|10 024|071 05| 01|50 01| 0.2| 0.8530670| 0.3599110| 0.3503120
1010|024 071 05| 01| 01| 05| 0.2]| 0.0959297| 0.7617390 | 0.1999726
10| 10| 024| 071| 05| 01| 01| 1.0| 0.2 | 1.4234200| -1.2081000( 0.3495820
10(10| 024|071 0501|0101 0.4]| 0.5229280( 0.2301570| 0.2716590
1.0/10) 024|071 05|/01]01]0.1] 0.6] 0.3866810| 0.1462070| 0.2688060
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CONCLUSION

The present chapter analyzes the steady MHD carreeftbw of a viscous incompressible electricallgnducting
fluid along a moving, non-isothermal vertical pldig taking mass transfer, Soret and Dufour effeectd heat
generation or absorption into account. The govereiquations are approximated to a system of naatiordinary
differential equations by similarity transformatiddumerical calculations are carried out for vasiaalues of the
dimensionless parameters of the problem. A companigth previously published work is performed andaellent
agreement between the results is found. The reatdtpresented graphically and the conclusionasvdrthat the
flow field and other quantities of physical intarese significantly influenced by these paramet@ise results for
the prescribed skin friction, local heat and maasdfer rates at the plate are presented and destuk is found
that the local skin-friction coefficient, local Heend mass transfer rates at the plate increaseaniincrease in the
buoyancy forces or Soret number or Defour numbehiemt generation/absorption parameter. It was wbdethat
the local skin-friction coefficient, local heat anthss transfer rates at the plate decreases withcegase in the
Magnetic parameter or Stratification parametertfesSchmidt number increases, both the skin-fiictiod Nussel
number decrease, whereas the Sherwood number sesrda was found that the local skin-friction dméént and
local mass transfer rate at the plate decreasdsussel number increases with an increase in theddrnumber.
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