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ABSTRACT

We analyse the effect of chemical reaction on narep convective Heat and Mass transfer flow of scaus
electrically conducting fluid through a porous medi in a vertical channel with constant heat sesrc The
governing equations flow, heat and mass transfer solved by using Galerkin finite element techaiquith
guadratic polynomial approximations. The approxiimatsolution is written directly as a linear comhbtion of
approximation functions with unknown nodal valuescaefficients. Secondly, the approximation polyiatsrare
chosen exclusively from the lower order piecewislyrmmials restricted to contiguous elements. Vélecity,
temperature, concentration, shear stress and ratdeat and Mass transfer are evaluated numericftydifferent
values of G,M,3,N,Scyanda.

Keywords: Chemical Reaction, Heat and Mass Transfer, Porcedith, Finite Element Analysis

INTRODUCTION

Non — Darcy effects on natural convection in pormedia have received a great deal of attentioredent years
because of the experiments conducted with sevemabmations of solids and fluids covering wide rasigpf
governing parameters which indicate that the erpemial data for systems other than glass watenvatRayleigh
numbers, do not agree with theoretical predictibased on the Darcy flow model. This divergencéhm heat
transfer results has been reviewed in detail inngH&] among others. Extensive effects are thusgbmade to
include the inertia and viscous diffusion termshia flow equations and to examine their effecteriter to develop
a reasonable accurate mathematical model for ctimeettansport in porous media. The work of Vadad Tien
[29] was one of the early attempts to account lier houndary and inertia effects in the momentunmagop for a

porous medium. They found that the momentum boyntyer thickness is of order 0(/%. Vafai and

Thiyagaraja [30] presented analytical solutionstha velocity and temperature fields for the irded region using
the Brinkman Forchheimer —extended Darcy equatidetailed accounts of the recent efforts on noneRar
convection have been recently reported in Tientdog [6], Cheng [5] and Kladias and Prasad [10&re; we will
restrict our discussion to the vertical cavity onRoulikakos and Bejan [17] investigated the iaegffects through
the inclusion of Forchheimer's velocity squaredhteand presented the boundary layer analysis focaaities.
They also obtained numerical results for a few saserder to verify the accuracy of their boundiayer analysis
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for tall cavities. They also obtained numericasulés for a few cases in order to verify the accyraf their
boundary layer solutions. This result in reverddlaw regimes from boundary layer to asymptotictimduction as
the contribution of the inertia term increases @amparison with that of the boundary term. Theyalported a
criterion for the Darcy flow limit.

The Brinkman — Extended — Darcy modal was cons@lérelong and Subramanian [28] to examine the bapnd
effects on free convection in a vertical cavity.hW&¥ Tong and Subramanian performed a Weber — ypmdary
layer analysis, it was shown that for a fixed migdifRayleigh number, Ra, the Nusselt number; dsereath an
increase in the Darcy number; the reduction beargdr at higher values of Ra. A scale analysis el as the
computational data also showed that the transgon t(vO)v, is of low order of magnitude compared to the
diffusion plus buoyancy terms. A numerical studgdxhon the Forchheimer-Brinkman-Extended Darcy touaf
motion has also been reported recently by Beckeretaal [4]. They demonstrated that the inclusibébath the
inertia and boundary effects is important for carv in a rectangular packed — sphere cavity. Ro&asBegum et
al [24] have discussed non-darcy convective haaster flow through a vertical channel with constaeat flux.

Also in all the above studies the thermal diffusieffiect (known as Soret effect) has been neglectéthis
assumption is true when the concentration leveery low. Therefore, so ever, exceptions. Thentta diffusion
effects for instance, has been utilized for isattopeparation and in mixtures between gases witly light
molecular weight (KHe) and the medium molecular weight(Idir) the diffusion — thermo effects was foundto
of a magnitude just it can not be neglected. &wbf the importance of this diffusion — thermoeetf recently Jha
and singh [8] studied the free convection and n@sssfer flow in an infinite vertical plate movimgpulsively in
its own plane taking into account the Soret effé¢afousias [9] studied the MHD free convection amalss transfer
flow taking into account Soret effect. The analgtistudies of Jha and singh and Kafousias [8,9kvib@sed on
Laplace transform technique. Abdul Sattar and Alahhave considered an unsteady convection and mnassfer
flow of viscous incompressible and electrically donting fluid past a moving infinite vertical pooplate taking
into the thermal diffusion effects. Similarity ejions of the momentum energy and concentratiorateans are
derived by introducing a time dependent lengthescaflalsetty et al [15] have studied the effecboth the soret
coefficient and Dufour coefficient on the doubldfuive convective with compensating horizontalrthal and
solutal gradients. Balasubramanyam et al [3] haseudsed the effect of heat generating heat ssunceghe non-
darcy convective heat and mass transfer flow aéeous fluid in a vertical channel. Sudarsana Rexddil[26] have
analysed the soret and Dufour effect on the nonydeonvective heat and mass transfer flow of aotiscfluid
through a porous medium in a circular annulus engresence of temperature gradient heat sources.

In this paper, we investigate effect of chemicact®on and thermo-diffusion on non-Darcy convectheat and
Mass transfer flow of a viscous electrically contitug fluid through a porous medium in a verticabohel in the
presence of constant heat source. The equatiorexrgng the flow, heat and mass transfer are sobyedsing
Galerkin finite element technique with quadratidypomial approximations. The approximation solutisrwritten
directly as a linear combination of approximatiamdtions with unknown nodal values as coefficie®scondly,
the approximation polynomials are chosen exclugifedm the lower order piecewise polynomials reséd to
contiguous elements. The velocity, temperaturacentration, shear stress and rate of Heat and Wmssfer are
evaluated numerically for different variations @frameter

FORMULATION OF THE PROBLEM

Consider a fully developed laminar mixed convecthe@at and mass transfer flow of a viscous, elettyic
conducting fluid through a porous medium in a wattichannel bounded by flat walls. We choose aeSem co-
ordinate system O(x,y,z) with x- axis in the veatidirection and y-axis normal to the walls. Thallge/are taken at
y==x L. The walls are maintained at constant temperaauak concentration .The temperature gradient irfltve
field is sufficient to cause natural convectiorthe flow field .A constant axial pressure gradisnalso imposed so
that this resultant flow is a mixed convection flole porous medium is assumed to be isotropichantbgeneous
with constant porosity and effective thermal diffity. The thermo physical properties of porous rixaare also
assumed to be constant and Boussinesq approximationoked by confining the density variation hetbuoyancy
term. In the absence of any extraneous force ffomnidirectional along the x-axis which is assurtele infinite.
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Configuration of the Problem

The Brinkman-Forchheimer-extended Darcy equatioithvaccount for boundary inertia effects in the neoibam
equation is used to obtain the velocity field. Bhsa the above assumptions the governing equadi@ns

ap _(H 2142 pF
— —(Hu-(gu;H)Ju——=u
PVl ) k) (guH;) 7K W
+A(T -Ty)+ B 9(C-Cy)=0
oT 0°T
ponU&: kf a_y2+Q 2
oC 0°C 0°T
—=D,—--K'(C-C,)+ 3
UG =P g TKCC) TS ®

The boundary conditions are
u=0 , T=T, C=C, on y=-L

_ _ _ _ 4
u=0 , T=T, C=C, on y=+L

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

respectively where u is the velocity, T, C aretfraperature and Concentration, p is the prespusethe density of
the fluid ,Cp is the specific heat at constant gues, |1 is the coefficient of viscosity, k is the permdipiof the
porous mediumg is the porosity of the mediufhjs the coefficient of thermal expansion i& the coefficient of
thermal conductivity ,F is a function that deperws the Reynolds number and the microstructure @bymo
medium, H is the magnetic field vectolis the electrical conductivity of the flujdjs the magnetic permeability of

the medium/3° is the volumetric coefficient of expansion with sadraction concentration and B the chemical

molecular diffusivity ,K is the chemical reactionetficient and Q is the strength of the heat squi¢és the cross
diffusivity. Here, the thermo physical propertidsttoe solid and fluid have been assumed to be aanhstxcept for
the density variation in the body force term (Banssq approximation) and the solid particles arel fthid are
considered to be in the thermal equilibrium) .

We define the following non-dimensional variables a
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r u ] n o — - pd
u' = , (X, y) = /L, =
(V/L)( y)=(xy) p (ov2 112 5
:T—Tz ,:C—C2 )
Tl_TZ ’ Cl_CZ

Introducing these non-dimensional variables theegoing equations in the dimensionless form reducdon
dropping the dashes)

2
‘;—yf:m (D +M2)u+32Au? - 3G(@+NC) (©)
d’g
—+a =(PN;)u 7
d’C ScS§ d%g
——yC =(SCNJu—-——= 8
where
A=FD™? (Inertia or Fochhemeir parameter)
_ 3 2
G= M (Grashof Number) D'= L? (Darcy parameter)
14
2 2y 2
Sc= v (Schmidt number) M? = M(Hanmann Number)
Dl
“(C. - C
N =M (Buoyancy ratio) P= Ko (Prandtl Number)
,B(Tl _Tz) A
QL _K? . .
ad=——- (Heat source parameter) y= (Chemical reaction parameter)
(T, —T)k; D,
AL ) _ BL . .
T = (Temperature gradient) N. =-————(Concentration gradient)
(Tl _Tz) (Cl _Cz)
S, = M (Soret parameter)
LV
The corresponding boundary conditions are
u=0, =1,C=1 ony=-1 u=0, =0,C=0 on y=+1 9)

FINITE ELEMENT ANALYSIS . .
To solve these differential equations with the esponding boundary conditions, we assumé,if@li, ¢ are the

approximations of U and C we define the errors (residuEl)'J , E;, EiC as

E! _d[du (DT + MU' +2AU')? -IG(E +NC) (20)
dr7\ dri7
£ o8 (dC) o o ScS d(de )
dy| dy N dy{ dy
E, _dfdg +a - PN U (12)
dy{ dy
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where
3

. . 3 . 3
u=>uy, C=>Cy  8=> Hkl//k} (13)
k=1 k=1

k=1

These errors are orthogonal to the weight funoticer the domain of @inder Galerkin finite element technique we
choose the approximation functions as the weighttfon. Multiply both sides of the equations (12 by the

weight function i.e. each of the approximation fimc l//; and integrate over the typical three nodded linear
element e, Ne+1) We obtain

Nen

[Eljdy=0 (i = 1234) (14)
,79
Ne+1 o
[Ewidy=0 (i=1234) (15)
']e
Nen o
j Ey/dy=0 (i=1234) (16)
']e
where
" od (du 2, i 2 i\2 i iN i Ay —
j(— —— |-AM2U +3°A(U)? -G8 +NC') gidy=0 17)
AN
Nes1 d dCI ' ' ) SC% Me+1 d del

—| == |-yC' - ScNu")y' dy+ — | =2 ldy=0 18
”e(dy(dy y Nu'jdy+=C U{(dy(dyjdy (18)
Me+1 i
j(i[@ +a-PNu')yidn =0 (19)
o dy( dy

Following the Galerkin weighted residual method amegration by parts method to the equations @7}9) we
obtain

Mes1

dy! [ Mepn Ten ‘
j—l—d‘” dy-aM? [u'widy+5°A [(u')*Widy-
,79

o dy dy e (20)
—&;]ﬂ(ﬁi +NC)Widy=Q,; +Q,
e
where -Q; =W, (ﬂe)z—l;(ﬂe)
Q=¥ (/7e+1)3—L,J;(/76+1)
where -R,; =W, (ﬂe)dd—c;(ﬂe)
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R2] = LlJ (’7e+1) (,76+l)

Ter dW) dg
I dy dy

i Nes1
—_dy-PN; J'uz//d/7+ajzpd/7 S, +S, 22

Te

where =S, =W, (ne)d—(rze)

SZ] =W, (,7e+1) (’79+1)

Making use of equatlons (3.4) we can write abowsaqns as

3
3. Teadyyt 3 ey dv+ NC . d
Su, [ LW gy anu, jw way-a(y0, [P LY,
k=1 Ne dy dy k=1 Ne (23)
) 3 2/7e+1 dw 2 )
+o'0yug | ( d kj gidn=Q,; +Q,,
k1 o5\ a7
w wk 3 Mes1 SC% 3 Nes1 dw'] dwk
C — dy -y C, ww dn + 6 | — dy-
= k,,j dy Z I ‘ kZ; ©o dy dy
e 3 ,7 e (24)
_SCNZCk J.lﬂijlﬂkdy: R, R,
k=L e
3 Ne+1 d[l/' d 3 Ne+1 i 3 Ne+1 i
D6, I &7, A dy+a)_ jz//jdy— PN; D u, jtpktpjdy:SLj +S,, (25)
g, dy dy = kel

choosing differentq—’} 's corresponding to each elementin the equation (20) yields a local stiffness rxaof
order %3 in the form

(£,5)(UF) = &3(gl (@ +NCK)+ M2 (mf Yu) + FA( )(UF,) = (@) +(QL,) (26)
Likewise the equation (21) & (22) gives rise tdfstiss matrices

(6,)(CE) = PN () + 22215 )(61) = R + RS @)
15)(@) - PN, () = S5, + S, 28)
where

(fiz )' (gik,J )' (mk,J )' (nik,J)’(eik,J )’ (tiS) ,(Ii'fJ ) are3matrices a”d( ;,J)'( X )’ (R;J, (RkJ )' (S;J) and (SlkJ)

are X1 column matrices and such stiffness matrices 2¢28) in terms of local nodes in each element are
assembled using inter element continuity and dayiulim conditions to obtain the coupled global neagsiin terms

of the global nodal values of 8,& C. In case we choose n-quadratic elements themliobal matrices are of order
2n+1. The ultimate coupled global matrices are emlto determine the unknown global nodal valueshef
velocity, temperature and concentration in fluigios. In solving these global matrices an iterajwacedure has
been adopted to include the boundary and effedtseiporous region.

The shape functions corresponding to

2929
Pelagia Research Library



B. Uma Deviet al Adv. Appl. Sci. Res., 2012, 3(5): 2924-2939

g = =408 pr = (Y-12(-19 p1 = Y=20(y=24
32 32 32

vz = =204 PRI vy = /7100212

g BYmABY=8 s Gy-120y-10 s By-20(y-24
32 32 32

=B 2 PRI IR PRIRIEL

pr = BYTAEY=8 s Gy-126By-16 s (5y=20(Gy-24
32 32 32

STIFFNESS MATRICES
The global matrix fob is
A3 X3 = Bg (30)

The global matrix for C is
A4 X4 = B4 (31)

The global matrix u is
A5 X5 = Bs (32)

In fact, the non-linear term arises in the modifgsthkman linear momentum equation (20) of the pgraedium.
The iteration procedure in taking the global masics as follows. We split the square term inpsaduct term and
keeping one of them saysiunder integration, the other is expanded im&pf local nodal values as in (13),

resulting in the corresponding coefficient mat(imik]. 's) in (26), whose coefficients involve the unknows .

To evaluated (27) to begin with choose the iniglalbal nodal values of's as zeros in the zeroth approximation.
We evaluate s , 6;'s and G's in the usual procedure mentioned earlier. Latgrosing these values gfsuas first
order approximation calculatgs, G’s. In the second iteration, we substitute fgg the first order approximation
of and s and the first approximation df’s and Gs obtain second order approximation. This proceds
repeated till the consecutive values ¢géy 6;'s and Gs differ by a preassigned percentage. For comjmuiait
purpose we choose five elements in flow region.

*For M=0 the results are in good agreement with lad@mari [16].
*For So=0 the results are in good agreement withaBabramanyam et al [3]

RESULTS AND DISCUSSION

In this analysis we investigate the effect of cheghreaction and thermo diffusion on the non-Daczopnvective
Heat and mass transfer flow of a viscous fluid iregtical channel in the presence of constant seatces.

Figs. 1-6 represent the axial velocity with differezariation of G, M, O, a, Sc, $, N andy. Fig. 1 represents u
with Grashof number G. It is found that the axialoity is in the vertically downward direction f&>0 and is in
the vertically upward direction for G<0. |u| enhesiavith increase in |G| with maximum at y = 0.6e Variation of

u with M and D" is shown in fig. 2. It is found that lesser therpeability of the porous medium/higher the Lorentz
force lesser |u| in the entire fluid region.The niagle of u experiences an enhancement with ineréashe
strength of the heat source/sink (fig.3). The taiaof u with Schmidt number Sc shows that leskermolecular
diffusivity larger |u] in the flow region (fig.4)NVe notice form fig.5 that |u| enhances with incees $>0 and
reduces with |§ (<0) (fig.6). The variation of u with buoyancytimN shows that when the molecular buoyancy
force dominates over the thermal buoyancy forcentlhgnitude of u reduces when the buoyancy forcesnabe
same direction and for the forces acting in oppoditections |u| enhances in the fluid region §jigThe effect of
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the chemical reaction parameteon u is shown in fig.7. It is found that |u| redsidn the degenerating chemical

reaction case and enhances in the generating chler@éction case in the entire fluid region.

0:6 T T —6
-I\0.8 =6-0.4 -882 q o ¥ 6 0. 1
-0.04 +
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u 0,2 % T Y ——l
-0.1 VIR
—*—V
-0.12 4 —*—V
—e—V|
-0.14 +
-0:8 0:18
y y
Fig. 1 : Variation of u with G Fig. 2 : Vatian of u with D' & M
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The non-dimensional temperatu (s shown in figs. 8-15 for different parametri@lwes. Fig. 8 represerfiswith
Grashof number G. It is found that the actual tenafpee enhances in the heating case and depreidtes cooling
case with maximum attained at y = -0.2. The vasiatf® with M and D' shows that lesser the permeability of the
porous medium/higher the Lorentz force lesser titeah temperature in the entire flow region (fi§&10). Fig. 11
represent® with heat source parametar It is found that the actual temperature enhangdls increase in the
strength of the heat source and reduces with hekt(8g.11). Lesser the molecular diffusivity langthe actual
temperature (fig.12). The actual temperature reslugéh increase in S(>0) and enhances withg|§<0)(fig.13).
When the molecular buoyancy force dominates overtllermal buoyancy force the actual temperatureces
when the buoyancy forces act in the same directi@hfor the forces acting in opposite directiorenibances in the
flow region (fig. 14). The variation @ with chemical reaction parametgis shown in fig.5. It is found that the
actual temperature reduces in the degenerating ichemeaction case and enhances in the generatiagical
reaction case.

12
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—a— ||
n -
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—— 1V
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—e—\/|
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-1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
y y
Fig. 8 : Variation oB with G Fig. 9 : Variation o with D*
| 1l 1] [\ \% VI | 1] ]
G 1¢  3x1F 5x1G -10¢ -3x1F -5x1C° D* 10 3x10¢ 5x1¢
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The concentration distribution (C) is shown in fig&23 for different parametric values. Fig.16 esgmts C with
Grashof number G. It is found that the actual catregion depreciates in the heating case and eekaincthe
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cooling case with maximum attained at y = -0.4 #mel point of maximum shifts towards the left bouydaith
increase in G>0 and for G<0, it is attained at y0=2. The variation of C with M and Dshows that the actual
concentration enhances with increase in M dr(Bgs.17&18). The variation of C witlx shows that the actual
concentration enhances with increase##® and depreciates with||(<0) (fig. 19). Lesser the molecular diffusivity
larger the actual concentration (fig.20). Also #ntual concentration enhances with increase# &nd depreciates
with || (<0) (fig.21). From fig.22 we find that the adteancentration depreciates when the buoyancy $oact in
the same direction and for the forces acting inogjip directions it enhances in the entire flowigagThe variation

of C with y shows that the actual concentration reduces irddgenerating chemical reaction and enhances in the

generating case (fig. 23).
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The rate of heat transfer (Nusselt number) at thdswy =-1&1 are shown in tables 1-6 for differgrarametric
values. Tables 1&4 represent Nu with G, M} Bnda. It is found that the rate of heat transfer enkangith G>0
and reduces with G<0 at both the walls. Lessemp#reneability of the porous medium smaller |Nu| &0 and

larger for G>0 at both the walls. The variatiom\af with Hartman number M shows that the rate of lreasfer at
y = -1 reduces with M in the heating case and ecémin the cooling case while aty = 1, it enhawaéds M for all

G. Also it experiences an enhancement with incréagbe strength of the heat source/sink. The tiariaof Nu

with buoyancy ratio N shows that the rate of thatheansfer reduces with N at y = -1&1 when theyauney forces
act in the same direction and for the forces adtingpposite directions, |Nu| enhances aty =-1raddces aty = 1.
Lesser the molecular diffusivity larger |Nu| for @and lesser for G<0 at both the walls (tables 2&%5)e variation
of Nu with Soret parameter Shows that it enhances for G>0 and reduces forwtincrease in &0 at both the

walls while for § <0, it reduces in the heating case and enhandée icooling case at both the walls. Also the rate
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of heat transfer enhances in the degenerating da¢mgiaction case for all G and in the generat@agtion case, it
enhances in the heating case and reduces in tliagoase at both the walls (tables 3&6).

1.8
—— |
—— |
—-— ||
C —— ||
—a— Il T T T
—a— Il
—>— IV 0.2 0.4 0.6 8" 1
—— V|
T T T —0 T T T T
-1 -08-06-04-02 0 02 04 06 08 1
y y
Fig. 20 : Variation of C with Sc Fig. 21 : Nation of C with 3
| I 1] \% | I 1l v
Sc 024 06 13 201 oS 05 1 -05 -1.0
1.5 12
14
—— |
T T T —— ——
-1 0.2 04 0.6 1 |—=—1 —— Il
C C
—— |l —>— IV
—— |V —*—V
——\/|
0.2 04 0.6
=25 -0:6
y y
Fig. 22 : Variation of C with N Fig. 23 : Mation of C with 'y
| I 1] \% | Il 1l v \Y \
N 1 2 -05 -0.8 \ 05 15 25 -05 -15 -25
Table.1: Nusselt number Ny at y=-1
G | Il 1} [\ V Vi Vil Vil IX X

10 300.06 | 284.588 281.04 293.585 290.112 586.168 BB2.2-272.15| -558.26 -844.3)
3x1C | 354.95! | 297.09¢ | 287.21¢ | 329.07: | 316.47- | 695.80! | 1036.6¢ | -326.7¢ | -667.€ | -1008.¢
-10° | 260.034| 272.867 275.971L 265.085 267.975 506225 4734 -232.35| -478.54 -724.7

[3)

3x10 | 229.544| 262.109 271.50Ff 241.692 249.02 445333 1861 -202.03] -417.84 -633.611
M 2 4 6 2 2 2 2 2 2 2
D* 10° 10° 10° 3x1C0 5x1C 10° 10° 10° 10° 10°
o 2 2 2 2 2 4 6 2 -4 6

Table-2 : Nusselt number Ny at y=-1

G | Il 1 \% \% \ Vil

10 300.06| 229.99 300.1 300.17  299.87 299,94 300.19
3x1C | 354.95| 354.18] 356.39 356.39 354.58 354{71 355.2
-10¢ | 260.03| 259.99 260.11 260.11 260.p5 260/17 259.89
-3x1C | 229.54| 229.23 230.11 230.41 230.21 22999 229.09
N 1 2 -0.5 -0.8 1 1 1
Sc 12 1.2 1.2 1.2 0.2¢ 0.€ 2.01
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Table-3 : Nusselt number Ny at y=-1

G | Il 1} [\ \4 VI \l Vil IX
10 300.06 | 300.3521 299.4§ 299.1p  299.907 299.877 299\6299.757| 299.787
3x1C | 354.953| 356.191 352505 351.294  354.65 354(59  38B4.0354.351| 354.41]
-10° | 260.034| 259.818 260.468 260.685 260.409 260,243 .526Q 260.379] 260.346
-3x1C | 229.54« | 229.04* | 230.55! | 231.06: | 230.09: | 230.20: | 231.14: | 230.62¢ | 230.5:
So 0.5 1 -0.5 -1 05 0.5 0.5 0.5 0.5
y 0.5 0.5 0.5 0.5 1.5 2.5 -0.5 -1.5 -2.5

Table-4 : Nusselt number Ny at y=1

G | I M v Vv VI Vil Vil IX X
100 | 4442.12| 4203.99 4137.34 4342.09 4288[43 8866.74 911387 -4407.1] -8831.7 -13256
3x1F | 5290.22| 4386.23 4281.2p 4889.97 4723/99 10561.4 3215§ -5252.1] -10523 -15794
-1 | 3823.75| 4021.67 4070.37 3901.J8 3946(44 763].14 38154 -3791.1| -7598.4 -11405
-3x10 | 3352.71| 3855.7 4036.78 3540.834 3653.6 6690.01 71802-3321.7| -6658.9 -9996p

M 2 4 6 2 2 2 2 2 2 2
D? 10° 10° 10° 10° 3x1C¢ 5x1C 10° 10° 10° 10°

o 2 2 2 2 2 4 6 2 -4 6

Table-5 : Nusselt number Ny at y=1

G | Il I} [\ V \ VIl

10 4442.12| 4441.179 4443.57 4443.86 4439|123 444(.21 4.084
3x1¢F | 5290.22| 5278.2§ 5308.6 5312.34 5284[45 528¢.42 .6&9Y
-1C* | 3823.7' | 3823.0' | 3824.t | 3825.0: | 3827.0t | 3825.9: | 3821.5:
-3x1C | 335271 | 3347.¢ | 3360.0¢ | 3361.5¢ | 3363.. | 3359.¢ | 3345.¢

N 1 2 -0.5 -0.8 1 1 1
Sc 13 13 1.3 1.3 0.24 0.6 2.01

.|>

Table-6 : Nusselt number Ny at y=1

G | Il 1 \4 \ \ Wl Vil IX
10 4442.12| 4446.63 4433.1p 4428.67 4439|128 4439.28 5.483 4437.43| 4437.89
3x10° | 5290.2: | 5309.3! | 5252.3¢ | 5233.6¢ | 5285.5. | 5284.5" | 5276.3: | 5280.8° | 5281.7¢
-10° | 3823.75| 3820.41 3830.4 3833.82 3826|147 3827 383[1.8829.11| 3828.59

[<2)

-3x1C | 3352.71| 3345.03 3368.3p 3376)2 3361[25 3362.92 .38773369.48] 3367.8¢
So 0.5 1 -0.5 -1 0.5 0.5 0.5 0.5 0.5
y 0.5 0.5 0.5 0.5 1.5 2.5 -0.5 -1.5 -2.5

Table-7 : Sherwood number fyat y=-1

G | Il Il \4 \% \ Vil Vil IX X
10 15.9974| 16.355§ 16.4284 16.1471 16.2275 18.9102 8231| 10.1718| 7.2589 4.346P
3x10 | 14.7286| 16.0579 16.31 15.3263 15.6286 16.3y61 38.0211.4335| 9.7859 8.1384
-10° 16.9236| 16.6263 16.5558 16.8067 16.7397 20.[76 84.599.2508 | 5.4144 1.578
-3x1¢F | 17.6298| 16.8759 16.6827 17.3483 17.1786 22.17037108.] 8.5486| 4.0081 -0.5325

M 2 4 6 2 2 2 2 2 2 2
D* 10° 10° 10° 3x1C0 5x1C 10° 10° 10° 10° 10°
o 2 2 2 2 2 4 6 2 -4 6

Table-8 : Sherwood number fyat y=-1

G | Il I} vV Vv ) VIl

107 15.9974| 14.158 4.9478 7.7086 13.6241 14.431 17.p83
3x1CF | 14.7286| 125614 1.516Ff 4.8002 13.3907 13.8466 @9.651
-10° 16.9236| 15.3392 7.4052 9.783F7 13.7934 14.8556 49.02
-3x10 | 17.6298| 16.2478 9.2526 11.3393 13.9218 15.1783 276.1

N 1 2 -0.5 -0.8 1 1 1

Sc 13 13 13 1.3 0.24 0.6 2.01

The rate of mass transfer (Sherwood number) atvtilis y =-1&1 are shown in tables 7-12 for differ@arametric
values. It is found that the rate of mass transfduces at y =-1 and enhances at y = 1 with inerea&>0 while a
reversed effect is observed with G<0. The variatbnSh with M&D™* shows that lesser the permeability of the
porous medium/higher the Lorentz forces larger §6lg|=-1 and smaller at y = +1 for G>0 and lesder = -1 and
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larger at y = 1 for G<0 .With respect to heat seysarametea, we find that the rate of mass transfer enhantcgs a
=-1 and reduces at y = 1 with increase in the gtfeof the heat source while an increase in thength of the heat
sink, reduces, |Sh| at y = -1 and enhances dt forall G (tables 7&9). The variation of Sh withshows that the
rate of mass transfer depreciates at y = -1 andrergs at y = 1 with increase in N>0 and it enhaatgs=-1 and
reduces at y = 1 with |N| for all G. Also lessex tholecular diffusivity larger |Sh| at y = -1 ardder |Sh|aty =1
for all G. (tables 8&11). With respect to Soretgraeter § we find that |Sh| enhances at y =-1 and reducesd
with increase in §0 and a reversed effect is noticed in the behawbiSh| with |§ (<0). The variation of Sh with
chemical reaction parametgrwe find that the rate of mass transfer reducgs=atl and enhances at y = 1 in the
degenerating reaction case and in and reduces atfgr all G (tables 9&12).

Table-9 : Sherwood number fyat y=-1

G | Il Il [\ \ VI VIl VI IX
10 15.9974| 19.6756 8.663L 5.067(03 14.0834 13.7333 43Q.83 12.1771] 12.5467

3x1C | 14.728¢ | 19.095: | 6.088: | 1.8141¢ | 13.667: | 13.484( | 11.55: | 12.586¢ | 12.793:
-10° 16.9236| 20.0973 10.55p 7.3693 14.3856 13.9136 9.4731.8811| 12.3684
-3x1¢F | 17.6298| 20.4174 12.015  9.1885 14.615 14.0503 8.8(183.6573| 12.2335
So 0.5 1 -05 -1 0.5 0.5 0.5 0.5 0.5
y 0.5 0.5 0.5 0.5 15 2.5 -0.5 -1.5 -2.5

Table-10 : Sherwood number fuat y=1

G | Il 1] [\ \% VI Vi VI IX X

10 12.0159| 11.7241 11.6444 11.8984 11.8277 9.5396 33.06 16.9685| 19.4448 21.921
3x1C | 13.054 | 11.9495 11.818p 125644 12.3619 11.6141 748.1 15.9336] 17.373% 18.813
-1¢° 11.258: | 11.500¢ | 11.560: | 11.353¢ | 11.408¢ | 8.025! | 4.792: 17.72¢ | 20.95. | 24.189¢
-3x1C | 10.6805| 11.2974 115143 10.9106 11.0495 6.8708 1806 18.3002 22.11 25.9197

=

w

M 2 4 6 2 2 2 2 2 2 2
D* 10° 10° 10° 3x1CG 5x10 10° 10° 10° 10° 10°
o 2 2 2 2 2 4 6 2 -4 -6

Table-11 : Sherwood number fuaty=1

G | Il 1 \% \% \ Vil
1¢° 12.015¢ | 13.567: | 21.337{ | 19.008. | 14.03: 13.34¢ | 10.667¢
3x1C | 13.054 | 14.87395 24.144F 21.3881 142351 13.8p61 7%2.2
-10 11.2582| 12.6014 19.326f 17.3104 13.8955 13.0006 88%.4
-3x1C | 10.6805| 11.8583 17.8154 16.0377 13.7905 12.7366 868.5
N 1 2 -0.5 -0.8 1 1 1
Sc 13 1.3 13 13 0.24 0.6 2.01

Table-12 : Sherwood number fuat y=1

G | 1l 1 v Vv \| Vil Vil IX

10 12.0159| 8.9128 18.204R 21.2895 13.5351 13.6987 6908. 15.2031] 14.9124
3x1¢ | 13.054 | 9.38754 20.311p 23.9033 13.8753 13.9009 O0Q%.J 14.8677| 14.710
-10° | 11.2582| 856797 16.651P 19.3554 13.2882 13.55254023.| 15.4452| 15.0588
-3x1¢ | 10.6805| 8.30594 15.4604 17.8658 13.1009 13.44199383.| 15.6283] 15.1687
So 0.5 1 -0.5 -1 05 0.5 0.5 0.5 0.5
y 0.5 0.5 0.5 0.5 1.5 2.5 -0.5 -1.5 -2.5
CONCLUSION

In this analysis we discuss the effect of thernffugion and chemical reaction effects on non-damyvective heat
and mass transfer flow in a vertical channel in pinesence of heat sources. By using Galerkin fialeanent
technique the equation are solved. The importanoelasions of this analysis are:

1.|u] enhances with increase ig>8 and reduces with 5(<0). |u| reduces in the degenerating chemigadtian
case and enhances in the generating chemicalogragtse in the entire fluid region.

2.The actual temperature reduces with increase,ilf>8) and enhances witho|&0). The actual temperature
reduces in the degenerating chemical reactionaagenhances in the generating chemical reactsm ca

3.The actual concentration enhances with increas®>f and depreciates with|<0). The actual concentration
reduces in the degenerating chemical reaction ahdrees in the generating case.
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4.The Nusselt number enhances for G>0 and reduces<0rwith increase ingS0 at both the walls while for,S

<0, it reduces in the heating case and enhancéminooling case at both the walls. Also the rdtheat transfer
enhances in the degenerating chemical reactionfoasdl G and in the generating reaction casenhances in the
heating case and reduces in the cooling case lattetwalls.

5.|Sh| enhances at y =-1 and reduces at y = 1 witlkedse in $0 and a reversed effect is noticed in the behaviou
of [Sh| with |§ (<0). The rate of mass transfer reduces at yand enhances at y = 1 in the degenerating reaction
case and in and reduces aty = 1 for all G.
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