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Abstract: This paper analyze unsteady free convection aedtmass transfer flow

through a non-homogeneous porous medium boundead inyfinite porous vertical plate

with slip flow taking into account the radiatiochemical reaction, hall current, soret
effect and temperature gradient dependent heateolihe approximate profiles for

velocity, temperature, concentration are obtaingdiding perturbation techniques. The
expressions for skin friction, heat and mass flexderived
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1. INTRODUCTION

Natural convection flow induced by buoyancy foreesing over bodies with different geometries in a
fluid along a porous medium is prevalent in mantured phenomena and has varied and wide range of
industrial applications, for example in atmosphdiws, the presence of pure air or water is natsjide
because of some foreign mass may be present ngtaradrtificially due to industrial emissions. ere
convection arises in fluids when temperature chamgeise density variation leading to buoyancy force
acting on the fluid elements. Natural processes sscvaporization of mist and fog, photosynthesis a
occur due to thermal and buoyancy forces develomgda result of difference in temperature or
concentration or a combination of these two. Suchfiguration plays vital role in industry based
applications like heat exchange devices, coolingnolten metals, insulation systems, filtration, roiieal
catalytic reactors and processes.

In many practical applications, the particle adjade a solid surface no longer takes the velogitthe
surface. The particles at the surface has a ftaitgential velocities, it slips along the surfaech a
flow regime is called the slip-flow regime and tkeffect cannot be neglected. At the macroscopiel Jét
is accepted that the boundary condition for a wiscfiuid at a solid wall is the so called no-slipeo
While has been proven experimentally to be accumata number of macroscopic flows, it remains an
assumption that is based on physical principlefadhnearly two hundred years ago, Navier's prepas
general boundary condition that incorporates thesibility of fluid slip at a solid boundary. Navier
proposed condition assumes that the fluid slip-cigfaat a solid surface is proportional to the shsteess
at the surface. Agarwal Hét al.* have studied that effects of Hall currents on higgro-magnetic free
convection with mass transfer in a rotating fllAttindele Michael Okedoyehas studied that Analytical
solution of MHD free convective heat and mass fienfow in a porous medium.

Balamurugan Ket al.® have investigated the Chemical reaction effectHeat and Mass Transfer of
Unsteady flow over an infinite vertical porous plambedded in a porous medium with heat source.
Balamurugan K.Set al.* have studied the thermo diffusion and chemicattiea effects on a three
dimensional MHD mixed convective flow along an iiffié vertical porous plate with viscous and Joules
dissipation. Jaiswal B.S and Soundalgekar VMwve studied the oscillating plate temperaturecggfon

a flow past an infinite porous plate with constsmttion and embedded in a porous medium. Jhaé.K,
al.’ have studied mass transfer effects on the flow aasexponentially accelerated vertical plate with
constant heat flux. Kim Y.Jhas investigated the unsteady MHD Convective traasfer past a semi-
infinite vertical porous moving plate with variatsaction.

Kumar H has studied the radiative heat transfer with hydegnetic flow and viscous dissipation over
stretching surface in the presence of variable fieat Lighthill M.J.° has investigated the response of
laminar skin friction and heat transfer to flucioatin the stream velocity. Makinde O.Et al.’®.have
studied the unsteady free convection flow with isucon an accelerating porous plate. Maygasetil.**
have studied the analytical solutions for unstefagly convection flow through a Porous medium in the
stream velocity. Mbeledogu.U and Ogult?/ave investigated that the Heat and mass tram$fan
unsteady MHD natural convection flow of a rotatfhgd past a vertical porous flat plate in the Emese

of radiative heat transfer. Muthucumarasanfﬁ,ﬁs studied the effect of Heat and mass transffow
past an oscillatory vertical plate with variablenfeerature. Raptis A.A' has investigated the fluid flow
through a porous medium in the presence of magfielit
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Raptis A.A., Kafousias Nhave investigated the heat Transfer in flow throagiorous medium bounded
by an infinite vertical plate under the action ahagnetic field. Sarada K and Shanker **Bhave
investigated the effects of Soret and Dufour oruasteady MHD free convection flow past a vertical
porous plate in the presence of suction or inject®ingh K.D and Kumar Rhave investiged combine
effects of hall current and rotation on free coecMHD flow in a porous channel. Srinivasa Rao G
et.al."® have studied Soret and Dufour effects on MHD bampdayer flow over a moving vertical porous
plate with suction.

2. FORMULATION OF THE PROBLEM

We consider the flow of an electrically conductivigcous incompressible fluid flow along an infinite
vertical porous plate. Choosg axis along the plate ang’ axis normal to it. The flow is oriented

vertically upward along the' -direction. Hence all the physical properties tu fluid are functions of
y andt'.

Under the usual Boussinesq approximations the iffiogoverned by the following system of equations.

hadye (D

oy

ou ,ou azu’ oB? v

—+V— +2KW= - 0 "+ mw T-T '— -—u ... (2

o + o + 6y’2 p(1+m2)(u +mw)+gg( .)+9B.(C'-C.) K'pu (2)
2 2

ow v’M Ku':vaV\Z/+ o8, ( mu’—vx/)—LV\/ ...(3)

ot oy ay* p (1+ mz) K'p

o, ,oT _ k9T Q oT_ 1 oq
e oy’ pC,0y* pC,dy pC, oy

! ’ 2
USRVELS Dac; D¥; asz Ko(C'-C.) .. (5)
o0 oy oy T, oy

The boundary conditions are

“'=L1[auj W= L(GWJT =T + (T, -T. )"

. (4)

oy’ oy’
C'=C, +&(C, -C.)e"™ aty =0 ... (6)
u’ — O,T’ — TOL,C' — Cl; at y' — 00

u',v' and Ware velocity components of velocity along x-axisays and z-axis directions
respectively. t is the time, g is the acceleratiae to gravity, 3 and g_ are the coefficients of volume
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expansion,V is the kinematic viscosityk ; is the chemical reaction of the fluid flow? is the density

of the fluid,J is the electrical conductivity of the fluidg, is the uniform magnetic field]" is the

temperature,Cp is the specific heat at constant pressujejs the radioactive heat fluxy'is the

temperature of the plat®_ is the temperature of the fluid away from the @lat = [2'_”‘1] being the
m,

mean free path wheren is the Maxwell reflection coefficientC is the concentration C, is the
concentration of the fluid at the wall as well@gs is the concentration of the fluid away from thate.
The equation of continuity (7.1) vields that is either a constant or some function of time,deewe
assume thatVv' = -vj, (1+ 5e‘”"’) . (7
v, is the suction velocity at the plate aadis the positive constant. The negative sign inghat the
suction velocity acts towards the plate.

Consider the fluid which is optically thin with alatively low density and radioactive heat fluxgisen

a ] !
by _(i =4 -T)l, where Iis the absorption coefficient at thatel ... (8)

oy

On introducing the following dimensionless quagti

:ﬂ vit' u w _4|/n’|vI O'BOI/G gpv(T, -T.)

at:Lyu:_1W__1n_ 2 1 2 3
v V(’) \/o \/0 \/o \/o
om=98v(C,-C.) Kp:K'p\/OZT:T'—T; c=C-C o
A v T.-T. C,-C.’ K
DK, (T, =T, ( 12
k=XV g - T(,W T),KO:K—OZV,R: WL p=Lv 9
v VT, (C,-C.) A PCVy v
The equations (2),(3), and (4) ,(5) becomes
2
E@_(l tece -nt)_+2|< aL;— M 2(u+mw)+GrT+GmC—iu ... (10)
4 ot oy 1+m Kp
10w _ 0w M 1
= —(l+ece™ —2K + mu-w)——w .11
T ) "o T MW TG (11)
2
EO_T_(:H -m)aT 107 HG_T_RT .. (12)
4 ot dy  Proy’ oy
2
EO_C_(1+ge‘m)a_C=ia_C2:+SOa_ZE—KoC .. (13)
4 ot dy Scoy oy
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The corresponding boundary conditions becomes

u=h@,w=ha—N,T=1+aé”,c=1+aé”, ay=(
oy oy

.. (19
u-0T-0C - 0, asy -
Where,
Vgﬂ T, _To:: 1~
Gr :% is the Grashof numbeGm = vah (Cg’ C°°) is the modified Grashof number
0 Vo
2
Vv Kp\V)”
M =0|3)2 is the magnetic numbeKp= 52 0 isthe Permeability
0
Ko=-—-is the chemical reaction parametgp, - DK: (Tu=T.) s the soret number,
Vo vT,(C,-C.)
VK. . vl -
K =——-is the rotation parameteR=———is the Radiation Parameter,
A Vo
U
I:)I:Tpis the Prandtl number
The equations (10) and (11) can be combined isiogle equation by takirlg =u+iw, we get the
following differential equation.
2
Ea—':—(1+,9e‘”t)a—|::a—::— M1+—1—2iK F+ GrT+ GmC ..5j1
4 ot dy ody Kp
M .
M, = 1-
Where, = 1+m’ (L=im)
With boundary conditions,
oF
F=h E ,Ony:O F —»O,asy—>°° ... (16)
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3. METHOD OF SOLUTION

To solve equations (12), (13) and (15), Assurrdng be small so that one can expreésg andC as a
regular perturbation series interms ofn the neighborhood of the plate as

F(y.t)=F(y)+eF(y)e"

T(y,t)=To(y) +£T(y)e™ .. (17)

C(y.t) =Cy(y) +£C,(y)e™

Using (17) in the equations (12), (13) & (15) amphating the coefficient of° , ¢! neglectinge® terms
etc., then we get the set of ordinary differergimliations

Fr+ Fé—(Mﬁ%—ZinFOZ—GrTO—GmCO .. (18)

p
" [ 1 H n — !

F'+F/- M1+K_p_2|K_Z F,=-F,—GrT,-GmC, . (19)

T/ + PrT,+ -RPIT, = 0 - (20)
n

T'+ PrT1’+—(R—:J PiT, =— P, .. (21)

Cl+ ScC)y~ SeK (C, = ~SeST ! - (22)

c;'+8c<;—( Ko-gj ScG=- Sch- ScSY - (23

On solving the above differential equations withidaing boundary conditions, we get the set of
solutions as below

F,=0,F,=0T,= OT,= 0C,= 0C,= 0, y - o

T, =" .. (24)
T, =A™ +A ™ ... (25)
T:em1y+£(A1em2y+ Azemly) an ... (26)
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C, =A™ +Ae™ . (27)
C,=A£™+A ¥+ A+ A7+ AV ... (28)
C=A."™ + AW +& (A" + A €Y+ A EV+ ALe + A& )& .. (29)
=A™ + A"+ A ™ + A" ... (30)
FE=Ae +AEY+A Y+ A +A 7+ Age + A8+ AEY

... (31)
+A22em3y + A23em1y + A24em2y + A25énly

Al’AZ’A3A4A5A GA YA BA ’QA ldb\ !I.P\ '_I.é ’1@ ’f%\ ’ﬁ ’& 1@ ’rq ,n} ’ q] ’I;ln ’En ’
AgA A LA LA LA A LA , expression for the constants are given in Appendi

Skin Friction: The Skin friction for the velocity F is given by

T, :—ﬂ(%j =AM +tAM +AM+AM+e(A M FA M FA D FA I+
y=0

Agn +Am+A mF+A m A FA M A M FA R)e" .. (32

Heat Flux: The rate of heat transfer at the plate of non-dsimral nusselt number is given by

Nu=—[g—Tj=ml+£(Alm2+A2ml) e ... (33)
y
Mass Flux: The rate of mass transfer at the plate of non-daioeial Sherwood Number is given by
_ [oC _ ot
Sh=- 5 _Asms"'A4m1+£(A9m4+ A10m3+A1fn1+A1£n2+A15n)1e - (34)
y=0

4. RESULTS AND DISCUSSION

Here, some of the results of physical interesthenvielocity, temperature, concentration distributgmd
also on the wall shear stress and the rate oftheatfer, rate of mass transfer at the wall weseldised.
Further, the result is also in good agreement with result of Madhusudhana Rao etiflpmit hall

current, soret effect and rotating frame of refeeen

We have studied the main flow velocity, seconddoyfvelocity, temperature and concentration by
including various parameters like Prandtl NumbeGt®n parameter, Schmidt number, Thermal Grashof
number and mass Grashof number. The effect of flavameters on velocity field, Temperature field,
Concentration field, skin friction, heat flux anchss flux have been analyzed numerically and discuss
with the help of numerical values.
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Figures 1, 2 and 3depict the temperature of the fluid. It is obseriteat increase of Prandtl, temperature
gradient and radiation retards the temperaturdefltid flow. In figures 6, 7 depicts the profile of the
concentration of the fluid flow. Here, Increase Sthmidt number and chemical reaction retards the
concentration of the fluid flow. Increases of Sctitmiumber are seemed to decrease the concentration
profile of the fluid flow due to the decrease i tmolecular diffusivity. But ifigure 5 the increases of
Soret parameter increase the concentration praofilehe fluid. In these sense, involving various
parameters to analysis the fluid flow along infimitertical porous plate .In velocity profile frdigure 8,
increase of Grash of number increases the maiociglof the fluid flow, It implies that thermal
buoyancy assisting the velocity of the fluid flolwdughout the flow field. Irfigure 10 depict that
increases of rotation parameter retards the primatgcity of the fluid flow because of increases of
coriolis force retards the forward flow of the fluFigure 9 illustrates velocity distribution increases with
an increase of soret number from which we concthdé the fluid velocity rises due to greater thdrma
diffusion. Infigure 11 the increases of hall current retard the primatpcity of the fluid flow. Velocity
profiles with the variations of slip parameter thisiobserved that the significance of the velowthigh
near the plate and there after it decreases aruh reathe stationary position at the other end. The
increase influence of magnetic parameter on bdthgoy of the fluid goes on decrease due to resistan
force which is oppose to the velocity of the fldimv.

Figures 18 to 20depict that the skin friction shows the increafects while increasing of Hall Effect.
Heat flux shows the decrease effect if increaseadfation parameter. But mass flux shows increase
effects while increase of Soret number.

10+
1.0
Pr=0.71
Pr=10 HeL
08 -
Pr=5.0 H=2
Pr=110 \ H=3
\ H=4
‘6”‘8”‘10”‘12”‘14” ‘6‘”8”‘10”‘12”‘14”
Figure 1: Temperature Profile for variot Figure 2: Temperature Profile for variot
values of pr values ofH
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Figure 19: Heat flux for various values of Figure 2C: Mass flux for various values of Soret
Radiation Parameter R Effect §

5. CONCLUSION

In this work, we have studied the Hall effects omgmetohydrodynamics slip flow past a porous vdrtica
plate with radiation and Soret effect in rotatingstem.The governing equations are solved by using
perturbation techniques. An asymptotic solution tbé resulting differential equations under the
prescribed boundary conditions is obtained. Nuraéniesults are discussed with help of graphs. The
conclusions of the study are as follows:

Both primary and secondary velocities increase evhitrease of Grashof numbers. Increase of Soret
effect enhances the velocity of the fluid flow. lease of Hall parameter decreases the primary itgloc
but the reverse process exists for the secondaogitye Increase of slip flow parameter enhanceth bo
the primary and secondary velocities. Rotation qpatar retards the primary velocity of the fluidvilo

But the reverses processes exists in cross seatlocity of the fluid flow. Increase of Soret nuemb
enhances the primary and secondary velocitiese&ser of Magnetic parameter retards both the primary
and secondary velocity of the fluid flow. Temperatprofile shows decrease effects while increase of
both radiation and Prandtl number, but the revgnseess exists if increase of Soret effect in the
concentration field. Here, consider the skin fantias function of hall parameter enhances the skin
friction profile.

APPENDIX
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A = BELias Ay = Bl 1

m,” +m,— (M, +2iK* + 1n) m’+m —(M,+2K?*+ =)
Ky—— Ky——
4 4
A, (1-hm,)+A, (-hm)+A, (hm
+A, (I-hm)+A, (I-h m)+A, (+hm)

P =7 +A, (1-hm,)+ A, (1-hm)+A,, (-hm)
Ay, (1_hm4)+A34 (1_hm1)
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