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ABSTRACT

This paper deals with the effects of heat and nrassfer on two-dimensional steady MHD free conwecflow

along a vertical porous plate embedded in porougliore in presence of thermal radiation, heat geriergt
viscous dissipation and chemical reaction underitifience of Dufour and Soret effects. The resglthomentum,
energy and concentration equations are then madelasi by introducing the usual similarity transfoations.

These similar equations are then solved numeridallysing the shooting method along with fourtirdeo Runge-
Kutta integration scheme. Comparison with previgyshblished work is obtained and good agreemefiousd.

The effects of various parameters on the dimensssnlelocity, temperature and concentration prefds well as
the local values of the skin-friction coefficieNuyssel number and Sherwood number are displayegohgrally and

in tabular form.

Keywords: Free convection flow, Thermal radiation, chemigaction, MHD, heat generation, viscous dissipatio
Dufour and Soret.

INTRODUCTION

Coupled heat and mass transfer by free convectiy®ious media has been widely studied in the tegsars due
to its wide applications in engineering as postidatal heat removal in nuclear reactors, solalectirs, drying
processes, heat exchangers, geothermal and oilelgcdouilding construction, etc. A comprehensigeiew of the
studies of convective heat transfer mechanism tiirquorous medium has been made by Nield and Bdjpn [
Hiremath and Patil [2] studied the effect on fremwection currents on the oscillatory flow throughporous
medium, which is bounded by vertical plane surfaiceonstant temperature. Fluctuating heat and rimassfer on
three-dimensional flow through porous medium wittliable permeability has been discussed by Shatrak [8].

A comprehensive account of the available infornmaiio this field is provided in books by Pop andHam [4],
Ingham and Pop [5], Vafai [6], Vadasz [7], etc.

In recent years, the problems of free convectivat laed mass transfer flows through a porous medionder the
influence of magnetic field have been attractedatiention of a number of researchers becauseeaf plossible
applications in many branches of science and tdobgipsuch as its applications in transportationliog of re-
entry vehicles and rocker boosters, cross-hatclingablative surfaces and film vaporization in costimn
chambers. Magnetohydrodynamics is currently undegga period of great enlargement and differertiatof
subject matter. In light of these applicationsadieMHD free convective flow past a heated vertitat plate has
been studied by many researchers such as Guptayi&judis [9] and Nanda and Mohanty [10]. Chaudhang
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Sharma [11] considered combined heat and masdédrdmslaminar mixed convection flow from a verlicarface
with induced magnetic field. EI-Amin [12] studieltet MHD free convection and mass transfer flow mieropolar
fluid over a stationary vertical plate with congtanction. The interest in these new problems gaasrfrom their
importance in liquid metals, electrolytes and i@dizyases. Many researchers have studied MHD freeective
heat and mass transfer flow in a porous medium.eSainthem are Raptis and Kafoussias [13] invesidj&ieat and
mass transfer effects on steady MHD over a poroedium bounded by an infinite vertical porous plaiiéh
constant heat flux. Kim [14] found that the effesfdheat and mass transfer on MHD micropolar floxgrca vertical
moving porous plate in a porous medium.

Thermal radiation in fluid dynamics has becomegaificant branch of the engineering sciences arahigssential
aspect of various scenarios in mechanical, aerespebemical, environmental, solar power and hazards
engineering. For some industrial applications saglglass production and furnace design and in seab@ology
applications such as cosmic flight aerodynamic&etygropulsion systems, plasma physics and spafteerentry
aerothermodynamics which operate at higher temp@st radiation effects can be significant. Theedffof
radiation on MHD flow and heat transfer problem l@Tome more important industrially. Singh and Shwe
Agarwal [15] studied the Heat transfer in a secgratie fluid over an exponentially stretching stieetugh porous
medium with thermal radiation and elastic deformmatiinder the effect of magnetic field. Makinde @wgllu [16]
studied the effect of thermal radiation on the et mass transfer flow of a variable viscositydflpast a vertical
porous plate permeated by a transverse magndtic fmhammed Ibrahim et al. [17] found the radiatiffects on
MHD free convection flow of a micropolar fluid pasistretching surface over a non darcian porousumed

Combined heat and mass transfer problems in presainchemical reaction are of importance in margpcpsses
and thus have received considerable amount ofteiteim recent times. In processes such as dryliggribution of
temperature and moisture over agricultural fieldl agroves of fruit trees, damage of crops due teZrg,
evaporation at the surface of a water body, engagsfer in a wet cooling tower and flow in a desexler, heat
and mass transfer occur simultaneously. Many pralctiffusive operations involve the molecular dgfion of a
species in the presence of chemical reaction withiat the boundary. Therefore, the study of hedtraass transfer
with chemical reaction is of great practical impmoite to engineers and scientists. Chemical reaciam be
codified as either heterogeneous or homogeneowsgses. This depends on whether they occur atterficice or
as a single-phase volume reaction. A reactionigstsabe of first order, if the rate of reactiordisectly proportional
to the concentration itself. In many chemical eegiting processes, there does occur the chemiatlaedetween
a foreign mass and the fluid in which the platensving. In view of heat and mass transfer and chahmeactions
numerous and wide-ranging applications in varioigdd$ like polymer processing industry in particulia
manufacturing process of artificial film and auiéil fibers and in some applications of dilute mogr solution.
Many researchers have been studied chemical reaeffects on steady MHD flow with combined heat amass
transfer; some of them are Alharbi et al. [18], Gadthar et al. [19], Ibrahim and Makinde [ 20 ], &bd [ 21],
Seddeek and Almushigeh [ 22], Mohammed Ibrahim,[&idhakar Reddy et al. [24], Kishan N and Srinivas
[25], Anjalidevi and David [26].

The study of heat generation in moving fluids ipartant as it changes the temperature distribwtiwhthe particle
deposition rate particularly in nuclear reactoresprfire and combustion modeling, electronic chépsl semi
conductor wafers. Heat generation is also impoiitatihie context of exothermic or endothermic chexhieaction.
Vajravelu and Hadjinicolaou [27] studied the heahsfer characteristics in the laminar boundaredaf a viscous
fluid over a stretching sheet with viscous dissgrabr frictional heating and internal heat generatHossain et al
[28] studied problem of the natural convection flaleng a vertical wavy surface with uniform surfaemperature
in the presence of heat generation/absorption. sl et.al [29] reported that the effects of thernical reaction
and radiation absorption on unsteady MHD convecligat and mass transfer flow past a semi-infinédical
permeable moving plate embedded in porous mediuth theat source and suction. Mohammed lbrahim and
Bhaskar Reddy [30] investigated heat and mass felardfects on steady MHD free convective flow ajoa
stretching surface with dissipation, heat genenagiod radiation.

But in the above mentioned studies, Dufour and tSerens have been neglected from the energy anceobration
equations respectively. It has been found thatgnitux can be generated not only by temperaturdigna but also
by concentration gradient as well. The energy fladsed by concentration gradient is called Dufotectfand the
same by temperature gradient is called the SofettefThese effects are very significant when theptrature and
concentration gradient are very high. Anghel et{21] studied the Dufour and Soret effects on fceavection
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boundary layer over a vertical surface embedded porous medium. Postelnicu [32] analyzed the infieeof
magnetic field on heat and mass transfer from @rsarfaces in porous media considering Soret anfbu
effects. Alam et al. [33] investigated the DufourdaSoret effects on steady MHD mixed convective arabs
transfer flow past a semi-infinite vertical plate.a@tkha and Ben-Nakhi [34] analyzed MHD mixed coniect
radiation interaction along a permeable surfaceénsed in a porous medium in the presence of SatkDafour’s
effects. Many researchers have studied Dufour amdt®ffects on free convective heat and massfaafiew in a
porous medium; some of them are M.S. Alam and M.AhrmRan [35], Sreedhar Sarma et al [36], Mansout.et a

[37], EI-Aziz [38], Afify [39], Alam and Ahammad [3.

The aim of this paper is to discuss the Dufour Sackt effects on MHD free convection flow past digal porous
plate placed in porous medium in the presence eimatal reaction, thermal radiation, viscous disipaand heat
source. The set of governing equations and bouretargtion of the problem are transformed into avabnlinear
ordinary differential equation with assisting ofnflarity transformations are solved using the shmptmethod
along with fourth order Runge-Kutta integration exte. The effects of different physical parametenstloe

velocity, temperature and concentration profilesvatl as the local skin-friction coefficient, locRlusselt number
and local Sherwood number are presented graphiaatlyin tabular form. To verify the obtained resuitte have
compared the present numerical results with previeork by Alam and Rahman [35]. The comparisonltesinow

a good agreement and we confident that our presemérical results are accurate.

MATHEMATICAL ANALYSIS

A steady two-dimensional flow of an incompressihled electrical conducting viscous fluid, along afinite
vertical porous plate embedded in a porous medaigonsidered. The axis is taken on the infinite plate, and
parallel to the free-stream velocity which is vestiand they- axis is taken normal to the plate. A magnetitdfig,

of uniform strength is applied transversely to tlirection of the flow. Initially the plate and tlileid are at same

temperatureT_ in a stationary condition with concentration levgl, at all points. The plate starts moving
impulsively in its own plane with velocity,, its temperature is raised i, and the concentration level at the

plate is raised tdC,,. A homogeneous first order chemical reaction betwituid and the species concentration is

considered, in which the rate of chemical reactouirectly proportional to the species concentratiThe flow
configuration and coordinate system are showneénRigure 1 The fluid is assumed to be slightly conducting] an
hence the magnetic field is negligible in compariggth the applied magnetic field. It is furthessamed that there
is no applied voltage, so that electric field iseft. The fluid is considered to be a gray, absgrigmitting
radiation but non-scattering medium and the Rossetgproximation is used to describe the radigtivat flux in
the energy equation. It is also assumed that ellflthid properties are constant except that ofitifieence of the
density variation with temperature and concentratiothe body force term (Boussinesq’s approximmgtidhen,

under the above assumptions, the governing bournagey equations are
X
i

SIE

x| Ls.

Fig.1. Flow configuration and coor dinate system

Continuity equation
ou, ov_g )
ox ay
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Momentum equation

u%+vg—\;:ug—;§+ gB(T-T)+ g8 (C- g)—asg u—% u—R b )

Energy equation
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Concentration equation
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whereu,v are the Darcian velocities components inxlaady directions respectively/ is the kinematic viscosity,
g is the acceleration due to gravity is the density,i/ is the dynamic viscosityS is the coefficient of volume

expansion with temperaturﬁ* is the volumetric coefficient of expansion withncentrationb is the empirical
constant,T, T andT_ are the temperature of the fluid inside the therbwaindary layer, the plate temperature and
the fluid temperature in the free stream, respebtjvC, C,, and C_ are the corresponding concentratioks,is

the Darcy permeabilityJ is the electric conductivity¥ is the thermal diffusivity,Cp is the specific heat at
constant pressureD_ is the coefficient of mass diffusivitykT is the thermal diffusion ratioC, is the
concentration susceptibility, the ter@, (T — T_) is assumed to be amount of heat generated orkmzbper unit
volume andQ,is a constant, which may take on either positiveegative valuesg, is the radiative heat flux in

they-direction, Kr' is chemical reaction parameter.

The boundary conditions for velocity, temperatund aoncentration fields are given by
u=U,, v=v(¥,T=T,C=C,at y=0
u=0,v=0,T=T,,C=C, asy - » (5)

where U, is the uniform velocity and/,(X) is the velocity of suction at the plate..

Using the Rosseland approximation for radiatiodjatve heat flux is given by Sparrow and Cess [41]
_ 40 oT*

_— 6
%= T3 oy ®)

where g™ and k™ are the Stefan-Boltzman constant and the mearrptimo coefficient, respectively. We assume
that the temperature differences within the flow such that the terii * may be expressed as a linear function of
temperature. Hence, expendinﬁ4 in a Taylor series abolf, and neglecting higher order terms we get

T4 =47°T-3T" (7)
Using equations (6) and (7) equation (3) becomes

2 T3 2 2 2
oT , 0T _ 9°T 16012 1 0°T D,k 0°C, Q, (T—Tm)+L(@J -
Yo

“ox oy oy 3K pgay ¢ oy pg NE
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The equations (2), (4) and (8) are coupled, pdi@mnd nonlinear partial differential equationsdahence
analytical solution is not possible. Therefore ntine technique is employed to obtain the requisedltion.
Numerical computations are greatly facilitated mn+imensionalization of the equations. Proceediityp the
analysis, we introduce the following similarity tisformations and dimensionless variables which edhvert the
partial differential equations from two independeatiables (X, y) to a system of coupled, non-linear ordinary

differential equations in a single varial(g) i.e., coordinate normal to the plate.

In order to write the governing equations and tbaraary conditions in dimensionless form, the feiloy non-
dimensional quantities are introduced.

U, T-T, Cc-C
= = 9 = ® -
N=Wop ¥ JoxU, f(m), 60) T T @n) c.-cC. ©)

where f (77) is the dimensionless stream function afidis the dimensional stream function defined in tkaal
way

Clearly the continuity equation (1) is identicadigtisfied,

Then introducing the relation (9) into equation\{® obtain

u=U,f'(n) andv:‘fU;X0 (nt'=1). (10)

Further introducing equations (9) and (10) intonmeatum equation (2), Energy equation (8) and Canagon
equation (4) we obtain the following local simitgrequations

1 Fs
f"+ ff"+Gré + Gep— Mf' — f'-—f2=0 11
@ DaRe Da ()

16) . )2
1+§i€+PH€+Pmm¢+PQ€+PEdf):( (12)
¢+ Scfg + ScSF" - Kp=0 (13)

where

Gr :g'B(T‘”—_Z-I;)ZX is the Grashof number{sC = gﬁ(CW _ C°°)2)8
Uy W,

_oBi2x o K U,x
= is the magnetic field parameteDa:F is the Darcy numberRe=
X U
0

K apc

3

<)

is mass Grashof number

M

is the Reynolds

p

number, Fszg is the Forchheimer numbeli?r:ﬂ is the Prandtl number R = is the Radiation

X a
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DnK+(Cu=Co) DK+ (T, =)

parameter, Du = is the Dufour number,Sr= is the Soret number,

C.CU(T,—T.) utT, (C,—-C.)
uz U U
Ec=——2—— is the Eckert number(Q) :Lz is the heat generation paramet&C=— is the
¢, (T,-T.) pc,Ug D,
_ Kr'ox _ _
Schmidt numberKr =————— s the chemical reaction parameter.
m—0

The corresponding boundary conditions are
f=f, f'=1,8=1 p=1atnp=0,
f'=0,0=0,p=0asy - (14)

2X

Where fW =~V,,[—— is the dimensionless suction velocity and primesode partial differentiation with respect
0
to the variabley .

The parameters of engineering interest for thegmtegroblem are the skin-friction coefficient, thasselt number
and the Sherwood number, which are given respdgthye the following expressions. Knowing the velyciield
the skin-friction at the plate can be obtained,chttin non-dimensional form is given by

1 1
ERe2 C, = f" (0) (15)

Knowing the temperature field, the rate of heatdfar coefficient can be obtained, which in non-glisional form,
in terms of Nusselt number, is given by

1
NuRe 2 =-¢ (0) (16)

Knowing the concentration field, the rate of masssfer coefficient can be obtained, which in némahsional
form, in terms of Sherwood number, is given by

1

ShRe 2 =-¢ (0) 17)

X
Where Re= Ys is the Reynold is’s number.
U

Mathematical Solution

The numerical solutions of the non-linear differahéquations (11) — (13) under the boundary caonkt (14) have
been performed by applying a shooting method aleitiy the fourth order Runge-Kutta method. Firsabfhigher
order non-linear differential equations (11) — (B3¢ converted into simultaneous linear differdreguations of
first order and they are further transformed imtidial value problem by applying the shooting teigiue. From this
process of numerical computation, the skin-frictoaefficient, the Nusselt number and Sherwood numibéch are
respectively proportional tof"(0),-8'(0) and —¢/(0)are also sorted out and their numerical values are

presented in a tabular form.
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RESULTSAND DISCUSSION

From the numerical computations, dimensionless citglotemperature and concentration profiles asl aelthe
skin-friction coefficient, Nusselt number and Sheod number are found for different values of theiots
physical parameters occurring in the problem. Tdleer of Prandtl numbd®r is taken to be 0.71 which corresponds
to air and the value of Schmidt numiSais chosen 0.22, which represents hydrogen %€2&nd 1 atm. Due to free
convection problem positive large values@Gf= 12 andGc = 6 are chosen. The value Beis kept 100 andFs
equal to 1.0. The values of Dufour number and Smuatber are chosen in such a way that their praduadnstant

provided that the mean temperatufe is constant as well. However, the values of Daroynber Da = 1.0,

magnetic field parameteM = 1.0, suction parametéy = 0.5, radiation parameteR = 1.0, heat generation

parameterQ = 1.0, Eckert numbeEc = 0.1, chemical reaction paramet&r = 0.5 are chosen arbitrarily. The
numerical results for velocity, temperature andoemtration profiles are displayed in Figs. 2 to 16.

The effect of Grashof numb@&r on the velocity field is presented in Fig.2. Theaghof numbefGr signifies the
relative effect of the thermal buoyancy force te tliscous hydrodynamic force in the boundary laper Grashof
numberGr increases the velocity of the fluid increases.Jigresent velocity profiles in the boundary laj@r
various values of modified Grashof numligc. The modified Grashof numb&c defines the ratio of the species
buoyancy force to the viscous hydrodynamic force.modified Grashof numbesc increases the fluid velocity
increases.

The effect of Darcy numbdda on the temperature field is shown in Fig.4. Frais figure we observe that velocity
increases with the increase of Darcy numbar For large Darcy number porosity of the mediunréases, hence
fluid flows quickly.

The effect of Reynolds numb®&e on the velocity fields are shown in Fig.5. It isted that negligible effect of
Reynolds number on velocity profiles.

Figs. 6(a) — 6(c) depicts the effect of ForchheimamberFs on the velocity, temperature and concentration
profiles. It is observed from Fig. 6(a) that thdoegty of the fluid decreases with the increaseFofchheimer
numberFs. Since Forchheimer numbEs represents the inertial drag, thus an increasker-orchheimer number
Fsincreases the resistance to the flow and so adserin the fluid velocity ensues. It is noticesirfrFig. 6(b) that
temperature of the fluid increases with increasE@thheimer numbédfts, since as the fluid is decelerated; energy
is dissipated as heat and serves to increase tataperFrom Fig. 6(c), it is observed that the emiation of the
fluid increases with increase of the ForchheimenberFs.

Fig.7 (a), 7(b) and 7(c) display the velocity, teraiure and concentration profiles for differeniuea of magnetic
field parameteM when the other parameters are fixed. An applied ofagnetic field within boundary layer has
produced resistive-type force which known as Lardotce. This force act to retard the fluid motiaiong surface
and simultaneously increase its temperature andectration values. Therefore, one can see thatvéhecity
boundary layer thickness decreases with the ineremagnetic field parametbt as shown in Fig.7 (a). However,
the temperature and concentration increase witinitreasing of the magnetic field parameéeshown in Fig.7 (b)
and Fig.7(c).

Fig.8 (a). lllustrates the velocity profiles forffdirent values of the Prandtl numier. The numerical results show
that the effect of increasing values of Prandtl hanresults in a decreasing velocity. From Fig)8 ifds observed
that an increase in the Prandtl number resultsdeaease of the thermal boundary layer thicknadsirageneral
lower average temperature within the boundary lay&e reason is that smaller valuesRsfare equivalent to
increasing the thermal conductivities, and theeetfogat is able to diffuse away from the heatecepiadre rapidly
than for higher values d®r. Hence in the case of smaller Prandtl numberb@doundary layer is thicker and the
rate of heat transfer is reduced.

The effect of the radiation parametron the velocity and temperature profiles are shawhigs. 9(a) and 9(b)
respectively. Fig.9 (a) shows that velocity prafildecreases with an increase in the radiation peeaR. From
Fig.9 (b), it is seen that the temperature deceeasethe radiation parametrincrease. This result qualitatively
agrees with expectations, since the effect of tamlidas to decrease the rate of energy transpdhediuid, thereby
decreasing the temperature of the fluid.
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Figs. 10(a) and 10(b) depict the velocity and terapee profiles for different values of the heanhegetion
parameteR. It is noticed that an increase in the heat gditgrgparametef results in an increase in velocity and
temperature within the boundary layer.

Figs. 11(a) and 11(b) show the influence of the dckhumberEc, on the velocity and temperature profiles,
respectively. By analyzing these Figs, it is cleadvealed that the effect of Eckert number isncréase both the
velocity and temperature distributions in the flosgion. This is due to the face that the heat gnexgtored in
liquid due to the frictional heating. Thus the effef increasingec is to enhance the temperature at any point as
well as the velocity.

Fig.12 (a), 12(b) and 12(c) show the combinatidiea$ of the Dufour and Soret numbers on the fietbcity,
temperature and concentration respectively. TheouhumberDu and Soret humbeBr represent the thermal-
diffusion and diffusion-thermal effects in this ptem. Fig.12 (a), shows the influences of the Dufand Soret
number on the variations of the fluid velocity. Rbbe case of increasing Dufour number and decrgaSoret
number, it is seen that the velocity profiles deses.

Fig.12(b), illustrate the effects of the Dufour aBdret number on the variations of the fluid terapene. From
Fig.12 (b), we observe that an increasing Dufoumiper and decreasing Soret number, it is seen tieat t
temperature profiles increases. The Dufour terneriless the effect of concentration gradients aschat Equation
(12), plays a vital role in assisting the flow aatole to increase thermal energy in the boundargrlaihis is the
evident for the increasing values in the fluid temgture as the Dufour numhbeu increase and the Soret numiSer
decrease.

In Fig.12(c), as increasing Dufour numbBu and simultaneously decreasing Soret numBerhas implies
significant effects on the concentration profil@se Soret term exemplifies the temperature gradifetts on the
variation of concentration as noted in Equation) (1t3s observed as the Dufour number increaseSorét number
is decrease, the concentration values is foune teloreases.

The influence of Schmidt numb&c on the velocity and concentration profiles is f@dtin Figs.13 (a) and 13(b)
respectively. As the Schmidt numb&c increases the concentration decreases. This cdaheesoncentration
buoyancy effects to decrease vyielding a reductiorthie fluid velocity. The reductions in the velgciand
concentration profiles are accompanied by simutiaeereductions in the velocity and concentrationruary
layers. These behaviors are clear from Figs. 1&8{d)13(b).

The effects of the chemical reaction paramgteon the velocity and concentration profiles arevatin Figs. 14(a)
and 14(b) respectively. As the chemical reactiompeterKr increases the concentration decreases.

The effects of suction parametdy, on the velocity profiles are shown in Figs.15 (&)s found from Fig.15 (a)

that the velocity profiles decrease monotonicalithvihe increase of suction parameter indicatirggubual fact that
suction stabilizes the boundary layer growth. Ttiects of suction parameter on the temperaturecamdentration
field are displayed in Fig.15 (b) and Fig.15(c)pegtively. From Fig.15 (b), it is noticed that ttemperature

decreases with an increase of suction paranf@teFrom Fig.15(c), it is observed that the concditnadecreases

with an increase of suction paramefer.

The variation of skin-friction coefficient, heatdamass transfer coefficient with radiation paramBeand magnetic
field parameteM are shown in Figs.16 (a), 16(b) and 16(c) respelgtivWe observe that the effect of increadimg
is the decrease in the decrease in the heat ansl tneexsfer and skin friction coefficient. On théet hand, the
magnitude of the heat and mass transfer increabds that of skin friction coefficient decreases rasliation
parameteR increases.
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Fig.6(b). Temperature profilesfor different valuesof Fs
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Table 1 shows the comparison df"(0) ,—8'(0) and —¢'(0) with those reported by M.S. Alam and M.M
Rahman [31], which show a good agreement and wideort that our present numerical results are cbrre

Table 2, and 3 shows the effects of Grashof nursemodified Grashof number Gc, Darcy numBer, magnetic
parameterM, suction parameterf , Prandtl numbePr, radiation parameteR, heat generation parametéy,
Schmidt numbeBcand chemical reaction paramek@ron the physical parameters skin-friction coefiitief "(0) ,
Nusselt number-8'(0) and Sherwood number¢/ (0) respectively. It can be seen that all bf(0), —&'(0)

and —¢/(0) increases as Grashof numb@r, modified Grashof numbe®&c, Darcy numberDa, and suction
parameter f increases. f'(0), —8'(0) and —¢/(0) decreases as magnetic field parameter M increases.
—6'(0) increase as Prandtl numifer or radiation parametd® increases, while it is decreases as heat generatio

paramete or Eckert numbeEcincreases—¢/(0) increase as Schmidt numiseor chemical reaction parameter
Kr increases.

Finally, the effects of Soret number Sr and Dufoumber Du on the skin-friction coefficient, Nusseltmber and
Sherwood number are shown in Table 4. The behafidthese parameters is self-evident from the Tdbbknd
hence they will not discuss any further due to ibyev

Table 1 Comparison valuesof f"(0),—&' (0) and —¢/(0) with different values of Soret and Dufour numbers.

f*(0) -6'(0) ~¢(0)

Sr | Du | Alam and Rahman [31] Presemt Alam and Rahman [31]reséht | Alam and Rahman [31] Present
20| 0.03 3.4231141 3.42938 1.0283189 1.02699 085206 0.12749
1.C | 0.0¢ 3.345747. 3.3523 1.015533 1.0138¢ 0.299275! 0.29764.
0£ ] 0.1Z 3.316248 3.3229! 1.001986 1.0002: 0.384460 0.38299!
04 ] 0.15 3.3141130 3.32085 0.9965224 0.994735 feusizy 0.400363
0.2 ] 0.30 3.3287043 3.33558 0.9718535 0.969p57 01488 0.436742
0.1] 0.60 3.3828661 3.38997 0.9248360 0.922756 Q60 0.458919
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Table 2: Numerical values of skin-friction coefficient (Cf ), Nussetl number (NU) and Sherwood number (Sh) for, Pr =071, Fs=
1.0,Re=100,R=1.0,Du=0.12, Sr=0.5,Sc=0.22, Ec=0.1,Q = 1.0, Kr =0.5.

Gr| Gc| pa| M| f Cf Nu Sh

w
12 | 6.C| 1.C| 1.C | 0.E | 6.3445: | 0.27777: | 0.92180:
5 | 6C]1C]1C| 0. | 3.4204¢ | 0.28788. | 0.87904:
10| 6.0] 1.0/ 1.0| 0.5 | 5.54205| 0.297259 0.91030Q
121 20| 1.0/ 1.0| 0.5 | 5.05881| 0.288464 0.90744
12 1 40| 1.0[ 1.0| 0.5 | 5.70716| 0.297754 0.91468
121 60| 20[ 1.0| 0.5 | 7.43037| 0.246511 0.94101
12 1 6.0| 3.0 1.0| 0.5 | 7.90166| 0.289481 0.94945
12 16| 1.C| 2.C | 0.E | 55034! | 0.29547. | 0.90728
12 1 60| 1.0 3.0| 05 | 476842 0.229299 0.89493
12 1 60| 1.0[ 1.0| 1.0 | 6.65476| 0.307874 0.98198
12 1 60| 1.0 1.0| 2.0 | 7.12034| 0.375614 1.1079

WNwWo s

Fyes)

Table 3: Numerical values of skin-friction coefficient (Cf ), Nussetl number (NU) and Sherwood number (Sh) for Gr = 12.0, Gc =

6.0,Da=1.0,M =10, fw =05Du=012S =05

pr| R| Q| Ec| sc| k| Cf Nu Sh |

071] 10| 100 01] 022 05 6.34454 0.277773 0.921
1.0 | 1.0/1.0| 1.0| 0.22| 0.5| 6.1504 | 0.355013 0.91038
15| 10/10| 01| 0.22| 05| 58776 | 0.470762 0.89356
0.71] 20| 1.0] 0.1 ] 0.22] 0.5| 6.06827| 0.34458| 0.90991]
0.71] 3.0/ 1.0 0.1 ]| 0.22] 0.5| 5.90103| 0.389547 0.90228
071] 1.01 01| 0.1 ] 0.22] 0.5| 6.27499| 0.366377 0.91157
071] 1.0 05| 0.1 ] 0.22/ 0.5| 6.3056 | 0.327554 0.91605
0.71] 1.0|/ 1.0] 0.01| 0.22[ 0.5 | 6.21768| 0.34526 0.90234
0.71] 1.0/ 1.0] 0.05] 0.22| 0.5| 6.32671| 0.32516 0.91274
0.71] 1.0/ 10| 0.1 0.6 | 0.5] 6.09895| 0.27776§  1.2643(
0.71] 1.0/ 1.0] 0.1 | 0.78] 0.5 | 6.01588| 0.277751 1.41114
071] 1.0] 100 0.1 022 1.0 6.20678 0.276978 1.16894
0.71] 1.0] 1.00 0.1 0.22 2.0 6.02923 0.275442  1.54835

[e0]

03

O P NNOTW

Table 4: Numerical values of skin-friction coefficient (Cf ), Nussetl number (N U) and Sherwood number (Sh) for, Gr = 12.0, Ge =
6.0,Da=1.0,M =1.0, fw =05Dbu=012,Sr=05,,Pr=0.71,Fs=10,Re=100,R=1.0,Sc=0.22,Q=1.0Ec=0.1, Kr =0.5.

sr| bu| Cf Nu Sh

0.5 ] 0.1z | 6.3445 | 0.27777: | 0.92180:

1.0 | 0.12| 6.35474 0.278037 0.9202p7
2.0] 0.12] 6.37527 0.278545 0.9172B39
0.5]| 0.03] 6.3325| 0.284933 0.920915
0.5] 0.06] 6.33651 0.282548 0.921211
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