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ABSTRACT

We made attempt in this paper to study thermo-diffusion effect on non-Darcy convective heat and Mass transfer flow
of a viscous fluid through a porous medium in a vertical channel with Radiation and heat generating sources. The
governing equations flow, heat and mass transfer are solved by using regular perturbation method with J, the
porosity parameter as a perturbation parameter. The velocity, temperature, concentration, shear stress and rate of
Heat and Mass transfer are evaluated numerically for different variations of parameter.

Keywords. Non-Darcy flow, Heat and Mass Transfer, Constaait flux, Heat sources

INTRODUCTION

The phenomenon of heat and mass transfer has heeobject of extensive research due to its appdicatin
Science and Technology. Such phenomena are obiserbeioyancy induced motions in the atmospherépities
of water, quasisolid bodies such as earth and so on

Non — Darcy effects on natural convection in pormedia have received a great deal of attentiore@ent years
because of the experiments conducted with sevemr@bmations of solids and fluids covering wide rasgof
governing parameters which indicate that the expental data for systems other than glass watevaiRayleigh
numbers, do not agree with theoretical predictibased on the Darcy flow model. This divergencehim heat
transfer results has been reviewed in detail inngH&] and Prasad et al. [16] among others. Extensffects are
thus being made to include the inertia and visabffssion terms in the flow equations and to exaarineir effects
in order to develop a reasonable accurate matheahatiodel for convective transport in porous medide work
of Vafai and Tien [21] was one of the early attesnpt account for the boundary and inertia effeatghie
momentum equation for a porous medium. They fotlvad the momentum boundary layer thickness is déor

of\/g. Vafai and Thiyagaraja [22] presented analyt®malltions for the velocity and temperature fields the

interface region using the Brinkman Forchheimertemded Darcy equation. Detailed accounts of theneefforts
on non-Darcy convection have been recently reparedien and Hong [19], cheng [5], Prasad et al],[E6d
Kladias and Prasad [9]. Here, we will restrict digcussion to the vertical cavity only. Poulikakend Bejan [13]
investigated the inertia effects through the inidnsof Forchheimer's velocity squared term, andspreged the
boundary layer analysis for tall cavities. Thegoabbtained numerical results for a few casesderto verify the
accuracy of their boundary layer analysis for talities. They also obtained numerical resultsafdew cases in
order to verify the accuracy of their boundary lagelutions. Later, Prasad and Tuntomo [14] regztbetn extensive
numerical work for a wide range of parameters, dadhonstrated that effects of Prandtl number rera&imost
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unaltered while the dependence on the modified l@&fasumber, Gr, changes significantly with an irsse in the
Forchheimer number. This result in reversal ofvfiegimes from boundary layer to asymptotic to aanidn as
the contribution of the inertia term increases @amparison with that of the boundary term. They aksported a
criterion for the Darcy flow limit.

The Brinkman — Extended — Darcy modal was cons@l@reTong and Subramanian [20], and Lauriat andsdta
[23] to examine the boundary effects on free cotieacin a vertical cavity. While Tong and Subrariaan
performed a Weber — type boundary layer analysisyiat and Prasad solved the problem numericathafd and
5. It was shown that for a fixed modified Rayleigtimber, Ra, the Nusselt number; decrease witmeease in
the Darcy number; the reduction being larger ahéigralues of Ra. A scale analysis as well astmeputational
data also showed that the transport termil)}y. is of low order of magnitude compared to th&udion plus
buoyancy terms. A numerical study based on thehfmimer-Brinkman-Extended Darcy equation of motiais
also been reported recently by Beckerman et al [#jey demonstrated that the inclusion of bothitiegtia and
boundary effects is important for convection ireatangular packed — sphere cavity.

Also in all the above studies the thermal diffusiefiect (known as Soret effect) has been neglectéthis
assumption is true when the concentration levekry low. Therefore, so ever, exceptions the tlardiffusion
effects for instance, has been utilized for isatropeparation and in mixtures between gases witly light
molecular weight (HHHe) and the medium molecular weight(iir) the diffusion — thermo effects was foundto
of a magnitude just it can not be neglected. &wwf the importance of this diffusion — thermoeetf recently Jha
and singh [7] studied the free convection and nmiasssfer flow in an infinite vertical plate movimgnpulsively in
its own plane taking into account the Soret effdé€afousias [8] studied the MHD free convection amaiss transfer
flow taking into account Soret effect. The analgtistudies of Jha and singh [7] and Kafousiasn@le based on
Laplace transform technique. Abdul Sattar and AJahhave considered an unsteady convection and tnassfer
flow of viscous incompressible and electrically doating fluid past a moving infinite vertical poplate taking
into the thermal diffusion effects. Similarity exjions of the momentum energy and concentratiomtems are
derived by introducing a time dependent lengthescallalsetty et al [12] have studied the effecboth the soret
coefficient and Dufour coefficient on the doubldfusive convective with compensating horizontalrthal and
solutal gradients.

The effects of radiation on MHD flow and heat tf@ngroblem have become more important industrialyany
processes in engineering areas occur at high teyer and knowledge of radiation heat transfeobes very
important for the design of the pertinent equipméiiclear power plants, Gas turbines and varioagpuydsion
devices, for aircraft, missiles, satellites andcgpeehicles are examples of such engineering areas.

Configuration of the Problem

A X

T=T1 CcC=0C:

C =C4

Recently Bharathi [3] has studied thermo-diffusedfect on unsteady convective Heat and Mass trafisfe of a
viscous fluid through a porous medium in vertidahnel. Radiative flow plays a vital role in mangustrial and
environmental process e.g. heating and cooling bleasn, fossil fuel combustion energy process, enajom form
larger open water reservoirs, ,astrophysical flosedar power technology and space vehicle re-enfigneja et al
[18] studied the effects of magnetic field on freenvective flow through porous medium with radiatiand
variable permeability in the slip flow regime. Kamet al [10] studied the effect of MHD free conves flow of
viscous fluid past a porous vertical plate throngh homogeneous porous medium with radiations amgérature
gradient dependent heat source in slip flow reginibe effect of free convection flow with thermabdration and
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mass transfer past a moving vertical porous plate studied by Makinde [11]. Ayani et al [2] studlibe effect of
radiation on the laminar natural convection indudgda line source. Raphil[17] have discussed tiiece of
radiation and free convection flow through porousdium. MHD oscillating flow on free convection ration
through porous medium with constant suction vejowias investigated by El.Hakiem[6]

Keeping the above application in view we made gttemthis paper to study thermo-diffusion effeatrmon-Darcy
convective heat and Mass transfer flow of a visciuisl through a porous medium in a vertical chdnnwigh
Radiation and heat generating sources. The gowgertuations flow, heat and mass transfer are ddiyeusing
regular perturbation method with the porosity parameter as a perturbation paramdtbe velocity, temperature,
concentration, shear stress and rate of Heat args fMansfer are evaluated numerically for diffeneaiations of
parameter

FORMULATION OF THE PROBLEM

We consider a fully developed laminar convectivattend mass transfer flow of a viscous, fluid tlgtowa porous
medium confined in a vertical channel bounded hy falls. We choose a Cartesian co-ordinate sy€¢éxyy,z)
with x- axis in the vertical direction and y-axisrmal to the walls. The walls are taken atdyk. The walls are
maintained at constant concentration .The wall yis-Imaintained at constant temperature and the ywail is
maintained at a constant heat flux. The temperaguealient in the flow field is sufficient to causetural
convection in the flow field .A constant axial psase gradient is also imposed so that this redufliaw is a mixed
convection flow. The porous medium is assumed tdsb&opic and homogeneous with constant porosity a
effective thermal diffusivity. The thermo physiqaioperties of porous matrix are also assumed toobstant and
Boussinesq approximation is invoked by confining tlensity variation to the buoyancy term. In theesgce of any
extraneous force flow is unidirectional along thaxs which is assumed to be infinite.

The Brinkman-Forchheimer-extended Darcy equatioickviccount for boundary inertia effects in the reotam
equation is used to obtain the velocity field.

Since the flow is unidirectional, the continuityexjuation reduces to

ou

6_ =0 where u is the axial velocity implies u = u(y)
X

The momentum, energy and diffusion equations irstfadar form reduces to

-% (ﬂ)a“ u-LE

- u*-pg=0 1
I Jk A @
oT 0°T d(0g) du,,

Cu—=4 +Q—— R+ p(— 2

PN FAGE Qg () @
2 2

a_C:DlaC—kC kllaT 3
ox ay” ay*

The boundary conditions are
u=0 , T=T, C=C, on y=-L
4)
oT (
u=0 , —=gq, ,C=C on y=+L
dy G 2 y

aT

The axial temperature and concentration gradienéfs—& 6_ are assumed to be constant say, A &B
X X

respectively.

We define the following non-dimensional variablss a

. \_ PO
u=——, (X, X, y)/L, = 7
( /L) , (XL Y) = (X y) p (v 15)
T-T Cc-C )©
f=—*2 , C'=_—1
T,-T. C,-C,
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Introducing these non-dimensional variables theegowmg equations in the dimensionless form reduc€on
dropping the dashes)

2
3—; = 77+ 3(D 1)U - 3G(6+ NC) - 324U ©)
d’6 du
dyZ :_cyil.-l-(P:I.NT)u-i_I:):I.Ec(d_y)2 (7)
d’C ScSo d%g
F-yC=(SNJu+ == ©
dy N dy
where
_ 3
A =FD™2 (Inertia or Fochhemeir paramete® = M (Grashof Number)
14
L L2 v .
D =? (Darcy parameter) SC ZE (Schmidt Number)
1
S, = M (Soret parameteriN =M (Buoyancy ratio)
74 ﬂ(Tl _Tz)
C 2
P= it (Prandtl Number) a = Q—L (Heat source parameter)
p) (T, -T.)A
_ kL’ . . AL o _
y= (Chemical reaction parameteN; =-————(Non-dimensional temperature gradient),
D, (T,-T,)
BL ) . _ .
N, =————— (non-dimensional concentration gradient)
(Cl - Cz)
The corresponding boundary conditions are
u=0,6=1,C=1ony=-1
9)
u=0, %:l,C:O ony=+1
oy

SOLUTION OF THE PROBLEM
The governing equations of flow, heat and massfearare coupled non-linear differential equatiokssuming the

porosityd to be small we write

— 2
U=Uy+0U, +O0°U, +...., 9=, +36,+ 3%, +...,C=C, +5 C, + 32C, +... (10)

Substituting the above expansions in the equaf®)nEl0) and equating like powers dfwe obtain equations to the
zeroth order as

d’u, _ a1
dy?
d?6 du
dyzo =-a, +(RN;)u, + RE; (d_;)z (12)
d’C
dy20 - yCo = (&Nc)uo 13)
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The equations to the first order are

d?u, -
d _(D l) u, ==G(6, + NC,)
y?
d?
)
-ycl‘(ScN u,
The equations to the second order are
d®u 3
r 22 (D™M)u, =-G(, + NC,) —Au?
y
d’@ du du
= =(RN;)u 2+PE(( 1) +2( )( 2)
d
y
d°C

2 - yC, =(SN¢)u,

dy?

The corresponding condltlons are

u@®=u(-)=0, (d_yl)(+1) =0, 6(-)=0C,(+) =0, C,(-D=0
u,d)=u,(-)=0, (dd—f/z)(*'l) =0, 6,(-D)=0C,(+1) =0, C,(-1)=0

Solving the equations (11)-(19) subject to the lofaup conditions (21) —(22) we get
7l

U (Y) =—(y2 -1)

b = 05a,y(y +1) + % y(y? +1)+ y(y +1) —as(y+1)(y+2)

-0 2—1§“—1@6—1. 1
C, = 05a4(y )+12(y )+30(y ) +05(y+1)

_ _Ch(B.y) _S(BYy) > _Ch(By)
ul _aig(l Ch(ﬁl) )+a20(y S‘](ﬁl) )+a21(y Ch(ﬂl) )+
+ _Ch(By) s _ Ch(By)
+a,,(y Chig) ) +a(y ChB) )

6, = ag,(y* =2y -3 +a,(y* —3y - 2) +a,(y* -4y -5+
+ag,(y° — By —7) +ag(y’ —8y —9) +a,(Ch(By) -
= Byh(B) = Ch(B,) = BiSh(B)a, (Sh(B.Y) - ByCh(B,) -
= B.Ch(B) + h(B))a,.(Yh(BY) - BCh(B,) - BYCh(B,)
= Sh(B,) +a,(YCh(B.y) - yCh(B,) = B.(y +DSh(B,)
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(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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C1 = E-5l54(y2 _1) + a55(y3 - y) + a56(y4 _1) + a57(y6 _1) + a58(y8 _1)
* a5 (Ch(l[”lyo - Ch(ﬁ1)) + aﬁo(s‘](lgly) - ysq(,gl)) - aso(ys“(lgly) -
- S‘](ﬁl) ~ 8 y(Ch(ﬁJ) - Ch(ﬁ1))

U, =b,(y=1) +5 (y* =1 +b,(y* = y) + by (y* =D +bs(y° -1 +b,(y* -1
+ b9 y(Ch(ﬂly) - Ch(ﬂl)) + (b8 + yblo)(ys'](ﬂly) - s’](ﬂl)) + b17(y2Ch(ﬂ1y)
—Ch(5,))

C. =, (Ch(M.Y) ~Ch(M,) T 1 2 (sn(M) - (M) )+

SH(B,Y) 2

BN )+ a5, (y" —)Ch(By) +
+ ‘5179(3/4 _1) + 681(y2 _1) + aso(ysq(lgly) -
_Ch(B,y) Ch(4,y)

Ch(,[)’l) sq(,[”l)) + 681(Ch(132 Y) - WCh(ﬁz )) +

+a82(8h(ﬁ2y)—%Sh(ﬂz»—agg(yCh(Mly)—Ch(Ml)%)—

Ch(B.y) ()
- Sh(M - Sh(M - Ch -Ch -
g, (YSh(M,y) = Sh(M,) Ch([j,l)) ag5(YCh(B,Y) (8,) Sh(ﬁl))
~ a,s (YS(B,Y) - S(5,) %“rf(%,y))) —ag,(y? ~1)Ch(B,Y) - a(y? ~DSh(B,) -
. Ch(BY) , Ch(Ay) Ch(B,)
— - -~ 1Y)
cng) ) T2 Tanigy ) T ongg)

+a,,(YCh(B,y) —Ch(5,)

_a89(y )

6, =0, (ChBY) ~Ch(B) T2 rb(Sn(y) - sn(B) G M)

+b(yS(B,Y) - &(ﬂz)%> +b,(YCh(B,Y) - Ch(ﬂ»%)

b, (Ch(M,y) ~Ch(M,) 20 + b (Sn(M,y) - S, ) S0 o
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+b,,(YCh(M,y) ~Ch(M,) XB2Y)y Ly (vsn(M,y) - sh(m,) SNy

S(B,) ch(3,)
+b,s(YCh(B,) —%cm» +b,, (YS(B,Y) —% S(B)) +
+b,,(y?Ch(A.Y) —%cmﬂl» b,y (y2Sh(B,Y) —%cm) +
by (y? ~DSh(B,Y) + by (y? ~1Ch(B,Y) +boy(y* —%) +
,_Ch(B,) Ch(B,y)
b33 I — b34 1-—n==
Ol ) g,
Where aa,33,............... by bs,are constants.

NUSSEL T NUMBER AND SHERWOOD NUM BER
The rate of heat transfer (Nusselt Number) is givgn

dé
Nuy:+i =(—) -1 and corresponding expressions are
= dy y=%

Nu,_,, =€ +Je,+0(3%)  Nu,_,=e,+Je +0(?)

The rate of mass transfer (Sherwood Number) isrghy

_,dc : ,
et = (d—) y=+1 and corresponding expressions are
.. =6 +0€,+0(0°)  Sh._,=e,+de,+0(J°)
where Q,bo, ..ol bug.€e1,........ e, are constants

RESULTSAND DISCUSSION

In this analysis we investigate the effect of thewdiffusion on the convective heat and mass trarisfev in a
vertical channel on whose walls a constant heatiflumaintained and also a uniform concentratiopréscribed on
the walls. Figs.1-5 represents the axial veloamywith different values of N, N Sc, So, and Ec.

The variation of u with buoyancy ratio N shows théiten the molecular buoyancy force dominates dwethermal
buoyancy force |u| depreciates when the buoyanmegoact in the same direction and for the foragma in
opposite directions |u| depreciates in the fluigiae (fig.1). From fig.2 we find that higher radiat heat flux
(N4£1.5), |u] enhances in the fluid region and forHeirthigher N=10, |u| depreciates in the entire fluid region
except in a narrow region adjacent to y =+1.Thaatian of u with Schmidt number (Sh) shows thatsésthe
molecular diffusivity larger |u| in the entire flowgion except in the vanity of y=+1 and for furth@wering of the
diffusivity smaller |u| in the flow region (fig.3)ig.4 represents u with soret parametgrISis found that |u|
experiences an enhancement with increasegjnT8e variation of u with Eckert number Ec shothat thigher the
dissipative heat larger |u] in the flow region (B)g

The non-dimensional temperatu® (s shown in figs.6-10 for different parametriclu@s. When the molecular
buoyancy force dominates over the thermal buoydmme the actual temperature depreciates wherotices act in
the same direction and for the forces acting inogjip directions it enhances in the flow regiog.@). Also higher
the radiative heats flux smaller the actual temipeeain the entire region (fig.7). With respect3o we find that
lesser the molecular diffusivity smaller the acttexhperature and further lowering of the diffugiviarger the
temperature and for still lowering of the diffusivemaller the actual temperature in the flow ragislso the actual
temperature depreciates with increase gp0Sand enhances withg|&0) (fig.9). The variation o® with Ec shows
that higher the dissipative heat smaller the adkraperature and for further higher dissipativet texger the actual
temperature except in the vicinity of y =+1 whdrddpreciates (fig.10).
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The non-dimensional concentration (C) is exhibitedigs11-15 for different parametric values. Withspect to
buoyancy ratio N we find that the actual concermdratnhances in the left half and reduces in thbtralf with
increase in N>0 and for N<O we notice an enhanceéine@ (fig.11). Also higher the radiative heatxllarger the
actual concentration (fig.12). Lesser the molecul#fusivity larger the concentration (fig.13). Thactual
concentration enhances with increase r0Sand reduces with {[§<0) in the entire flow region (fig.14). The
variation of C with Ec shows that higher the diasiye heat lesser the concentration. Thus the simmuof the
dissipation results in a depreciation in the cotregion (fig.15).
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The rate of heat transfer (Nusselt number) is degii tables 1-4 for different values'IN,N; and Ec. It is found
that the rate of heat transfer enhances at y =#¢llregluces at y =-1 with increase in G>0 while aersed effect is
observed in |[Nu| with G<0. The variation of Nu widft shows that lesser the permeability of the poroesiom
lesser |[Nu| at y =+1 and larger at y =+1 in thdihgaase and in the cooling case larger |Nu|=tlyand lesser aty
=-1. The variation of Nu with Ec shows that higttee dissipative heat larger |Nu| at both the widibles 1 & 3).
The variation of Nu with buoyancy ratio N showsttéhen the molecular buoyancy force dominates dkier
thermal buoyancy force it enhances at y=1 wherfdhees act in the same direction and for the foemsg in the
opposite directions. Aty =-1, it reduces with Na&@d enhances with N<O in the heating case in tbéngpcase a
reversed effect is noticed in the behavior of |NMjth respect to radiation parameteg 8hows that higher the
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radiative heat flux smaller |Nu| at y =+1 and at-§ it enhances in the heating case and in theirgalase, it
reduces with N5 and enhances with highefN 0 (tables 2&4).

Table 1: Nusselt Number (Nu) at y=1

G/Nu | 1] 1] \% \% VI

10° 1.7555| 1.74320 1.7552 1.3466 1.4042 1.4625
3x10° 1.7618| 1.7588 1.7588 1.3674 1.4408 1.5166
-10° 1.7510| 1.75200 1.7522 1.3246 1.3704 1.4124
-3x1C¢° | 1.7456| 1.7499 1.777f 1.3046 1.33p1 1.3603
D! 5x1F | 10° 2x10 | 5x1¢ | 5x1GF | 5x1CF

Ec 0.01 0.01 0.01 0.03 0.05 0.07

Table.2: Nusselt Number (Nu) at y=1

G/Nu | Il 1} [\ \ Vi Vil

10° 1.7555| 1.7606[ 1.7544 1.7542 1.5234 1.2876 1.2967
3x10 [ 1.7618| 1.7609 1.7558 1.752 1.53p1 1.2964 1.3087
-10° 1.7510| 1.7513 1.7532 1.7536 1.51p2 1.2839 1.2001
-3x10° | 1.7456| 1.7465 1.7516 1.75d6 1.5788 1.2777 1.1938
N 1 2 -0.5 -0.8

N 0.5 0.5 0.5 0.5 1.5 5 10

Table.3: Nusselt Number (Nu) at y=-1

G/Nu | 1] 11l [\ \ VI

10° 1.1745| 1.2021 1.297Y -0.2336 -0.3689 -0.4101
3x10° 0.8833| 1.0179 1.0702 -0.7550 -0.87R5 -1.0134
-10° 1.3771| 1.3422 1.3247 0.2684 0.5094 0.7581
-3x10° | 1.6389| 1..4595 1.384P 0.7801 1.2003 1.6438
D! 5x1F | 1C° 2x1C¢ | 5x1CF 5x1F 5x1F

Ec 0.01 0.01 0.01 0.03 0.05 0.07

Table4: Nusselt Number (Nu) at y=-1

G/Nu | Il 1 v \ Vi Vil

10° 1.1745] 1.1131 1.214]1 1.2208 0.41p5 -0.5066 -0.5783

3x1C° | 0.8833]| 0.9501 1.1198 1.1402 0.1543 -0.6609 -0.9341

-10° 1.3771| 1.30648 1.3082 1.3015 0.709 0.0332  -0.2082
D 1

-3x1C¢° | 1.6389| 1.5722 1.364 1.344 0.97y2 0.38B3  -0.1566
N 1 2 -0.5 -0.8 1 1 1
Ny 0.5 0.5 0.5 0.5 1.5 5 10

The rate of mass transfer (Sherwood number) atlyis exhibited in tables 5-10. It is found that thée of mass
transfer enhances with increase in |G| at botlwtis. The variation of Sh with Bshows that lesser permeability
of the porous medium smaller |Sh| €20% and for further lowering of the permeability tE8x10°) smaller |Sh|

at y =+1 while at y =-1, smaller the rate of massisfer. With respect to Eckert number Ec we fimat higher the
dissipative heat lesser |Sh| and for further higl&sipative heat larger |Sh| at y=+1 and at y snialler |Sh| for all

G (tables 5 & 8). When the molecular buoyancy fatoeninates over the thermal buoyancy force the ahteass
transfer at y £1 enhances in the heating case when buoyancysfarein the same direction and for the forces
acting in opposite directions it reduces at bothwlalls for all G. Also higher the radiative helatxfsmaller the rate

of mass transfer at y+# (tables 6&9).

Table5: Sherwood Number (Sh)at y=1

G/Nu | Il 1 v \ \
10° 0.4609 | 1.1627| 1.0901 0.539 0.5784  0.61B53
3x10° | 2.7188 | 1.7618] 25924 1.578 1.6398  1.6986
b
B

POTOT

-10° -0.4543| -0.8334 0.7786 -0.4645 -0.4886 -0.5]17
-3x10° | -1.9096| -3.1782 0.5288 -1.458 -1.46P8 -1.4669
D* 5x10° 10° 2x10 | 5x10 5x10° 5x10°

Ec 0.01 0.01 0.01 0.03 0.05 0.07
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Table.6: Sherwood Number (Sh) at y=1

G/Nu | Il 1 [\ \ \i Vil
10° 0.4609 | 2.8691| 1.2601 1.037 0.9684 0.66f/6 0.4721
3x10 [ 2.7188 | 3.6834| 1.7557 1.708 210741 15189  1.3086
-10° -0.4543| -0.6685 0.3839  0.365 -0.45p5  -0.4%95 6424

GO

-3x10° | -1.9096| -2.8445 -0.492P -0.3061 -1.73p2 -1.4462.3506
N 1 2 -0.5 -0.8
N1 0.5 0.5 0.5 0.5 15 5 10

Table.7: Sherwood Number (Sh) at y=1

G/Nu | Il 1} [\ \ \i Vil
10° 0.5676| 0.7865| 0.9684 1.2344 0.756[/8 1.4567 2.0123
3x10 [ 0.6814| 0.9635] 2.7188 2.0751 0.836l 2.79p6  3.3934
-10° 0.3247| 0.3586| -0.4548 -0.9859 -0.85%1 0.35/3 (462
-3x10° | 0.1464| -0.393g -1.9086 -2.515 -1.7006 -0.8603 96@0
Sc 0.24 0.6 1.3 2.01 1.3 1.3 13

So 0.5 0.5 0.5 0.5 1.0 -0.5 -1.0

Table.8: Sherwood Number (Sh) at y=-1

G/Nu | 1l 1] [\ \Y VI
10° 0.7491| 0.2618 0.9718 1.0004 0.9915 0.9828
3x10° 0.9038| 1.0569 1.5933 1.18716 1.2146 1.2422
-10° 0.8801| 0.5291 0.3509 0.8558 0.81p5 0.7648
-3x1C | 1.3182] -0.1713 -0.2736 0.6899 0.60B4 0.5262
D? 5x1F | 1C° 2x10° 5x1F | 5x1¢ | 5x1C

Ec 0.01 0.01 0.01 0.03 0.05 0.07

The variation of Sh with Schmidt number Sc shoves tesser the molecular diffusivity larger |Sh| &mdfurther
lowering of the diffusivity smaller |Sh| at #%. Also |Sh| reduces at y=+1 and enhances at yitHlincrease in
S>>0 while an increase indSenhances |Sh| at both the walls for all G (tab&k0).

Table.9: Sherwood Number (Sh) at y=-1

G/Nu | Il I v \ \ Wil
10° 0.7491| 1.8782| 0.1343 1.037 0.9684 0.66f5 0.4721
3x10° [ 0.9038| 1.2388] 0.0478 1.708 21071 15189  1.3086
-10° 0.8801| 0.3611| 0.2215 0.365 -0.45P4  -045P95  -0.4640

T o=

-3x1C° | 1.3182] -0.0711] -0.4922 -0.3061 -1.73p2 -1.4463 3345
N 1 2 -0.5 -0.8
N1 0.5 0.5 0.5 0.5 15 5 10

Table.10: Sherwood Number (Sh) at y=-1

G/Nu | 1l I} \4 \ ) VIl

10° 0.5999| 0.7466| 0.7491 -0.3125 1.5337 0.0519 -0.4248

3x1C | 0.6778| -0.6307] 0.9038 -0.6914 1.736 0.0881 -G542

-10° 0.5721| 0.6352| 0.8801 0.0454 1.33p8 0.0158 0.0342

-3x10° [ 0.9978| 1.1045] 1.3182 0.0675 1.56/8 0.0456 0.0567

Sc 0.24 0.6 1.3 2.01 1.3 1.3 1.3

So 0.5 0.5 0.5 0.5 1.0 -0.5 -1.0
CONCLUSION

In this analysis we investigate effect of radiatéord thermo-diffusion on free and forced convectieat and mass
transfer flow of a viscous fluid in vertical chahméth the right wall maintained at constant hdakf The important
conclusions of this analysis are:

1.Higher radiative heat flux (]¢1.5), |u| enhances in the fluid region and fortfarthigher N=10, |u| depreciates in
the entire fluid region except in a narrow regiatjagent to y =+1. u with soret parametegr % is found that |u|
experiences an enhancement with increasegnTBe variation of u with Eckert number Ec shothat thigher the
dissipative heat larger |u| in the flow region.

2.Higher the radiative heat flux smaller the actwahperature in the entire region. Also the actuaipierature
depreciates with increase in,>® and enhances with o|&0). Higher the dissipative heat smaller the alctu
temperature and for further higher dissipative Haeder the actual temperature except in the \igiof y =+1
where it depreciates.
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3.Higher the radiative heat flux larger the actuata@mntration. The actual concentration enhances initlease in
S>0 and reduces with J&<0) in the entire flow region. Higher the disdipa heat lesser the concentration. Thus
the inclusion of the dissipation results in a defaton in the concentration.

4.Higher the dissipative heat larger |[Nu| at bothviaéls. Higher the radiative heat flux smaller |Huly =+1 and at

y =-1 it enhances in the heating case and in tbérgpcase, it reduces with;&6 and enhances with highei=0.
5.Higher the radiative heat flux smaller the rater@iss transfer at y+1. |Sh| reduces at y=+1 and enhances at y=-1
with increase in &0 while an increase indSnhances |Sh| at both the walls for all G.
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