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ABSTRACT

We analyse the combined effects of Hall currents and radiation on the convective heat and mass transfer of a
viscous electrically conducting rotating fluid through a porous medium past a vertical porous plate. in the presence
of heat generating sources. The equations governing the flow, heat and mass transfer are solved exactly to obtain
the velocity, temperature and concentration and are analysed for different variations of the governing parameters
G, M, m, N;, So andyThe rate of heat and mass transfer are numerically evaluated for different sets of the
parameters. The influence of chemical action, Hall currents ,thermo-diffusion and radiation effects on the flow ,
heat and mass transfer characteristics are discussed in detail.

Keywords. Chemical reaction, Hall effect, Soret effectt&img fluid.

INTRODUCTION

Free convection and mass transfer flow in poroudiume has received considerable attention due toutserous
applications in geophysics and energy related probl Such types of applications include naturaugtion in

isothermal reservoirs, acquifires, porous insutaiio heat storage bed, grain storage, extractiomerimal energy
and thermal insulation design. Studies associaidd flaws through porous medium in rotating envinment have
some relevance in geophysical and geothermal atigiits. Many aspects of the motion in a rotatirgmie of
reference of terrestrial and planetary atmosphegeirdluenced by the effects of rotation of the med Also

buoyancy and rotational effects are often comparablgeophysical processes. Convective transpaat riotating
atmosphere over a locally heated surface givegaidest storms (typhoons) and other atmosphecelations.

The unsteady flow of a rotating viscous fluid intennel maintained by non-torsional oscillationsié or both the
boundaries has been studied by several authormadtyse the growth and development of boundary &ayer
associated with geothermal flows for possible apgpions in geophysical fluid dynamics[4,7,8,12-17% later
Singh et al[19]studied free convection in MHD fl@f a rotating viscous liquid in porous media. Sireghal[20]
have also studied free convective MHD flow of aatinty viscous fluid in a porous medium past a itditvertical
porous plate.

In all these investigations, the effects of Haltrents are not considered. It was emphasized byliGg\b,6] that
when the strength of the magnetic field is suffithe large, Ohm’s law needs to be modified to induHall
currents. The Hall effect is due to merely to tlbeways magnetic force on the drifting free chargdw electric
field has to have a component transverse to tleetitin of the current density to balance this fofnemany works
on plasma physics, the Hall effect is ignored. Buabe strength of the magnetic field is high ahe number of
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density of electrons is small, the Hall effect cam be disregarded as it has a significant effadhe flow pattern of
an ionized gas. Hall effect results in a developnodéran additional potential difference between agife surfaces
of a conductor for which a current is induced padieular to both the electric and magnetic fieltheTcurrent is
termed as Hall currents. Model studies on the effétlall current in MHD convection flows have beearried out
by many authors due to application of such studtiethe problems of MHD generators and Hall accétesa
Yamanishi[22] have discussed the Hall effects om steady hydromagnetic flow between two paralletqs.
Debnath [7] has studied the effects of Hall cuseant unsteady hydromagnetic flow past a poroug e rotating
fluid system and the structure of the steady ardeady flow is investigated. Alam et al [2] havedsed unsteady
free convective heat and mass transfer flow intatirg system with Hall currents, viscous dissipatand Joule
heating. Taking Hall effects into account Krishnt a[9] have investigated Hall effects on the uadie
hydromagnetic boundary layer flow. Rao et al[15Véhanalysed Hall effects on unsteady hydromagrittie.
Sivaprasad et al[21] have studied Hall effects asteady MHD free and forced convection flow in aqus
rotating channel. Achaya et al[1] have discusseltlddarent effect on magnetohydrodynamics free emtion flow
past a semi-infinite vertical plate with mass tfansMalique et al(11) have studied the effectsvafiable
properties and Hall current on steady MHD laminamwective fluid flow due to a porous rotating disharma et
al(11a) have discussed the Hall effect on MHJD whigenvective flow of a viscous incompressible flpidst a
vertical plate immersed in a porous medium witht lseaurce/sink. Ahmed et al(1b) have investigateduhsteady
three dimensional MHD flow of a viscous, electrigatonducting fluid past a suddenly started inénftorizontal
porous plate taking into account the effect of i@l currents. Reddy et al [10] have discussedettfect of Hall
currents on convective heat and mass transfer diba viscous, rotating fluid through a porous medipast a
vertical porous plate. Recently several authors [[l&a, 16b, 16c, 16d, 21a] have discussed the ifowavy
channels under varied conditions

In this paper we investigate the combined effeétslall currents and radiation on the convectivethaad mass
transfer of a viscous electrically conducting riotgtfluid through a porous medium past a verticaious plate. in
the presence of heat generating sources. The egsaoverning the flow, heat and mass transfesalred exactly
to obtain the velocity, temperature and concemmatind are analysed for different variations of goeerning
parameters G, M, m, ;N So ang.The rate of heat and mass transfer are numerieaijuated for different sets of
the parameters. The influence of chemical actiaal| eurrents ,thermo-diffusion and radiation effeon the flow ,
heat and mass transfer characteristics are distussketail.

Configuration of the Problem

FORMULATION and SOLUTION OF THE PROBLEM

We consider the steady flow of an incompressitikgous, electrically conducting ,rotating fluid passemi-infinite
vertical plate embedded in a porous medium. Inuheisturbed state ,both the plates and fluid rovgdte same
angular velocity Q and are maintained at constant temperature anckotmation. Further the plates are cooled or
heated by constant temperature gradient in soneetitin parallel to the plane of the plates. We sleoa cartesian
co-ordinate system O(x,y,z) such that the platatisg=0 and the z-axis coincide with the axis dftion of the
plates .The steady hydromagnetic boundary layeatens of motion with respect to a rotating frameving with
angular velocityQ under Boussinesq approximations are
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du 10p 0% % _
-W, —-2Qv=-——+v +(u H,J u)—(—)u- 2.1
37 oox oz (HH oI u) (k) o) (2.1)
2
-W, @+ZQU vV v = (uHyJ,v) - (—)v (2.2)
° 9z 0 z°
The energy equation is
oT 62
2iC, (W, Xy =k, ST+ Qqr, - T) - (Z)w(u )4
(2.3)
po
The diffusion equation is
0°C
pocp(_W ) D - k1C k11 (2.4)
Equation of State is
p_poo:_ﬂopoo(T_Too)_ﬂ.poo(C_Coo) (25)

where u, v are the velocity components along x wmdirections respectively, p is the pressure iniclgdthe
centrifugal forcey is the density, k is the permeability constgnis the dynamic viscosity (ks the thermal

diffusivity,D; is the chemical molecular dh"‘fusivityﬂ0 is the coefficient of thermal expansio3’ is the

volumetric coefficient of expansion with mass fiaof Q is the strength of the heat source;,jskthe cross
diffusivity and qis the radiative heat flux.

When the strength of the magnetic field is vergéawe include the Hall current so that the geregdli Ohm'’s law
is modified to

J+w,r, JxH =g (E + p,gxH) (2.6)

where q is the velocity vector. H is the magnegtdfintensity vector. E is the electric field,sJthe current density
vector, @, is the cyclotron frequency?, is the electron collision time,is the fluid conductivity andi, is the
magnetic permeability.

Neglecting the electron pressure gradiention-stig thermo-electric effects and assuming the etedigid E =
0,equation (2.6) reduces

o t My, = ouHv 2.7)
j,—m, =-ouHyu (2.8)
where m=w,7, is the Hall parameter.

On solving equations (2.7)&(2.8) we obtain

jx__a,u |_|°(v+mu) (2.9)
1+m

. _OUHy

iy Lt (mv-u) (2.10)

By using Rosseland approximation the radiative Reatis
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__40 (M)

" 3By oy

It should be observed that by using Rosseland appation the present analysis is limited to optic#hick fluids.
We assume that the temperature differences witigrilow are sufficiently small so that'* may be expressed as a

(2.11)

linear function of the temperature. This is acconipd by expanding T%ina Taylor series abouf,, and
neglecting higher order terms as

T'* 0412 -317 (2.12)

where 0" is Stefan-Boltzman constant aifg is the mean absorption coefficient.

Far away from the plate we have
0
ox

- .9 (2.13)

Using the equations(2.5),(2.12)&(2.13)the equatiohmotions governing the flow through a porous medwith
respect to a rotating frame are given by

2 2 2
—WO@—ZQv:Va l; + (J/J‘*HOZ) (Mv—u) - (L)u+
0z 0z° p,@d+m") k (2.14)
+ Ap.(T-T,)+ B gp.(C-C,)
2 2 2
—WO@+ZQu=V 9 \; - (J/J‘*HOZ) (v+ mu)—(z)v (2.15)
0z 0z° p,[L+m?) k
Combining (2.14)&(2.15) we get
aq .. (uZHZ) . v 0°q
-W,—-2Qq=——""-"—"—-@L-imq-(—)g+V 2.16
where
g=u+iv

The non-dimensional variables are

I — Z q! =i
wIiw) "W,
g (T-T.) _(c-C.)
T,-T, C,-C,
The equations governing the flow, heat and masstea are (dropping the dashes)
2
00,99 _ joq=-G(6+ NC) 2.17)
0z 0z
2
(uuiJ9§+P9€—aeame (2.18)
3N )0z 0z
0°C oC ScSo 9%6
I s Sl f g =ttt 2.19
02z 0z - N 0z 19
M?(@-im) % L?

where A =(D™* + 2iIE+ , E= G (Ekman number),D ™ :? (Darcy parameter),

1+ m?
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L*(T, -T ‘(C,-C k

G= AL (T, =) (Grashof number)N =—'8 (C ) (Buoyancy ratio),N, = 'BR. !
1 3

p?2 BT, -T.) 40°'T

e
2

(Radiation

4 14
parameter),P =— (Prandtl numberna = (Heat source parametei¥C = — (Schmidt number),
f 1 1

So= ki'# (Soret Number)y =k,L? / D, (Chemical reaction parameter)
Vv

_3N,P _ 3N,z
1= al -
3N, +4 3N, +4
The boundary conditions are
g=0 on z=0
0=1, C=1 on z=0
q-»O, 6-0 , C->0 as Z-o (2.20)

Solving equations(2.17)-(2.19) subject to the baupaonditions(2.20) we obtain

q = (a) exp-mz) - a; exp(-m,z) +a, exp(m,2)
C =exp(m2)
6=(1+a;)exptm,2) - a, exptm,z)

where

_1+41+ 4K _ Sc+4/(S)? +4y
m, = > m =

2
_R+ R +ag,

m, =2 a,=1+a,

- Q& ca—a+
e R L
__ G@+a) __ Gy
FTmem-F ey
_ GN
T —m -

NUSSELT NUMBER AND SHERWOOD NUMBER
Local rate of heat transfer across the walls (Nudkember) is given by

dé
(Nu) 220 = (E) z=01 =-m, @+ as) +a;m
Rate of mass transfer(Sherwood Number) is given by
dC
Q). =(—)__ = -
(8) 10 = (o m

DISCUSSION OF THE NUMERICAL RESULTS

The effect of Hall currents and thermo-diffusion convective Heat and Mass transfer flow of a viscéuid
through a porous medium past a vertical plateviestigated. We take P = 0.71 in this analysis.
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The velocity component (u) is shown in figs 1-7 different values of G, M, m,E SO, N, y. Fig.1 represents the
velocity with Grashof number G. It is found that 0 for G>0 and u < 0 for G < 0. |u| experienceg@mancement
with increase in [GR 0). The variation of u witaftinann number M shows that higher the Lorentzefdacger u
in the entire flow region(fig.2).An increase in thll current parameter (m) enhances |u| in theonéfig.3). |u]
reduces with increase in the radiation parametdffijl4). Thus higher the radiative heat flux smatlge velocity in
the flow region. With respect to soret parametgw& observe that u is positive for all values of [@Bpreduces with
increase in |$ (<0) and enhances withy $0) (fig.5). From fig.6 we find that u reducestlvincrease in the
Ekmann number Ein the entire flow region. The variation of u withemical reaction parametgishows that u
depreciates with increaseys1.54 and enhances with highe®.5 in the entire flow region(fig.7).
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The transverse velocity(v)is shown in figs.8-13 different parametric values. maximum attainedhi& vicinity of
the plate. The variation of v with M shows thatheg the Lorentz force small@4 in the entire flow region (figs.8).
From fig.9, we find that higher the Hall paramatetarger|v| in the flow region. From fig.10, we find that higy
the radiative heat flux the changelyh is marginal in the vicinity of the plate and fgpaeciable large far away from
the boundary.).Fig.11 represents v with Soret patantso. It is found thd¥| decreases with increase in So>0 and
enhances withSd(<0).The variation of v with & shows thafv| depreciates with increase if€D.3 and enhances
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with E’>0.5 in the flow region(fig.12).An increase in thé@eeical reaction parametgr <1.5 results in a
depreciation irjv| and for highey=2.5 we notice an enhancemenpilffig.13).
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The non-dimensional temperatur®) (s shown in figs 14&15 for different values of ,N; .The temperature
gradually reduces from its prescribed value 1 en(Qzand attains the value ‘0’ for away from the IwAh increase
in the heat source parametereduces the temperature(fig.15).Also the tempesaguperiences a depreciation with
increase in the radiation parameter(fig.15).
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The concentration distribution (C) is exhibitedfig 16-18 for different § ,y and N. The variation of C with
radiation parameter Nshows that higher the radiative heat flux smalle concentration in the entire region
(fig.16). With respect to So we find that the cemtration depreciates with increase in So>0 andmecds with
[Sd(<0)(fig.17).An increase in the chemical reactiargmetery reduces the concentration in the vicinity of the
plate and its variation is marginal far away frdm boundary(fig.18).

The shear stress at z = 0 is shown in tables br-@ifferent G, D', M, m, N ,Sc,Sg,and N. It is found that the
shear stress enhances with increase in G. Higleet.ahentz force/lesser the permeability of the pgranedium
smaller t| at z = 0. An increase in the Hall parameter maeohs 1| at the wall(table.1). When the molecular
buoyancy force dominates over the thermal buoydoe the stress enhances when the buoyancy faotés the
same direction and for the forces acting in oppoditections it depreciates at z=0. It reduces withhease in the
radiation parameter Nb and enhances with M10(tables.2).From table 3, we find that lesser riecular
diffusivity smaller | at z = 0 and for further lowering of the molecw#fusivity larger f|. The variation of with
soret parameter,Shows thatt| enhances with §5(¢ 0)(table.4). An increase in the Ekmann numbeéroE the
chemical reaction parametgresults in a depreciation in the stress at y=hl¢t5).The variation of with P shows
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that higher the thermal conductivity {P0) larger the stress and for further higherl® smaller the stress at
z=0(table.6)
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0.8 v 0.8 a1l
—— |V
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The rate of heat transfer (Nu) at z=0 is shownalnlg.1. It is found that the rate of heat trangfehances with
increase in the heat sources parametétigher the radiation parameteg Mrger the rate of heat transfer.

Table-1 Nusselt Number (Nu) at z=0

a | Il I I\

2 | -0.34169| -1.23399 -1.5677D -1.67809
4 | -1.14576| -1.65524 -2.0792y -2.21784
6 | -1.37968| -1.98009 -2.4746b -2.63535
Ny 0.5 15 5 10

The Sherwood number (Sh) at z = 0 is shown in ta&i@ for different values of Sc,oSN, Ny, y and P. Lesser the
molecular diffusivity larger |Sh| at the wall. Algeenhances with increase in the soret parametef @nd reduces
with increase in So<0.When the molecular buoyamege dominates over the thermal buoyancy forcerdte of
mass transfer experiences a depreciation when ubgabcy forces act in the same direction and fer ftrces
acting in opposite directions it enhances at thendary(table.2) .The rate of mass transfer enhanithgncrease in

the radiation parameter N1. Also it reduces with.5 and S€0.6 and enhances with Sc>1.3 and for higher values
of y>2.5 it enhances at the boundary(table.3).
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Table-2 Sherwood Number (Sh)atz=0

Sc | Il 1l [\ \ \ Vil
0.24 | -0.89630| -0.9553§ -0.7781] -0.71905 -0.86676 -M319 -0.76337
0.6 | -1.23038| -1.39264 -0.9058 -0.74359  -1.14925 -(5943 -0.86529
1.3 | -2.01014| -2.40981 -1.2108 -0.81113 -1.81030 -(181j1-1.11088
2.01| -2.90203| -3.57023 -1.5656 -0.89743 -2.56793  -01897 -1.39858
S 0.5 1.0 -0.5 -1.0 0.5 0.5 0.5

N 1 1 1 1 2 -0.5 -0.8

WIOOT &

Table-3 Sherwood Number (Sh)atz=0

Sc | Il 1l v \ \ Vil
0.24 | -2.90203| -3.19714 -3.4268 -3.5287  -1.39415 -1.34p52.02742
0.6 | -2.01014| -2.19643 -2.3425 -2.44253 -1.67885 -21808 -2.28196
1.3 | -1.23038| -1.31214 -1.3771 -1.42716  -2.32831 -Z/801 -2.84252
2.01| -0.89630| -0.9276Q0 -0.9527| -1.15176  -3.09035 -3B294 -3.49187

OO OS

N; 05 1.5 5 10 05 05 0.5
y 05 05 0.5 05 15 25 35
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