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ABSTRACT

We analyse the effect of chemical reaction on unsteady convective heat and mass transfer flow of a viscousfluid in a
vertical channel bounded by wavy walls. The walls are maintained at oscillatory temperature and concentration.
The flow takes place in the presence of temperature dependent heat sources. The non-linear equations governing the
flow, heat and mass transfer are solved by employing a regular perturbation technique. The velocity, temperature
and concentration are discussed graphically for different variations of G,M,a,8,); k,N and x. The rate of heat and
mass transfer on the boundary walls are evaluated numerically for different variations of the governing parameters.

Keywords: Chemical reaction effect, Wavy channel, Hearces!

INTRODUCTION

Transport phenomena involving the combined infleeraf thermal and concentration buoyancy are often
encountered in many engineering systems and nauovadonments. There are many applications of $tartsport
processes in the industry, notably in chemicaliltiges, heat exchangers, solar energy collectord thermal
protection systems. In all such classes of floths, driving force is provided by a combination bétmal and
chemical diffusion effects. In atmosphere flowsertnal convection of the earth by sunlight is afdcby
differences in water vapour concentration. Thieyauncy driven convection due to coupled heat anssnransfer
in porous media has also many important applicationenergy related engineering. These includesinc
migration, fibrous insulation, spreading of cherhjpallution in saturated soils, extraction of gesrtimal energy and
underground disposal of natural waste. Combined &ed mass transfer by free convection under baynldger
approximations has been studied by Bejan and KHaitfai and Kulacki[14] and Murthy and Singh[18]o@pled
heat and mass transfer by mixed convection in Rarfilid-saturated porous media has been analygédibl 3].
The free convection heat and mass transfer in ausognclosure has been studied recently by Angetahl]. The
combined effects of thermal and mass diffusionhiarmel flows has been studied in recent times feyaauthors,
notably Nelson and Wood[23,24], Lee at al[15] atitbos[23,35].

In recent years, energy and material saving coreidas have prompted an expansion of the effdrig@ducing
efficient heat exchanger equipment through augntientaf heat transfer. It has been established aga@[6] that
channels with diverging—converging geometries augrtiee transportation of heat transfer and momentsrthe
fluid flows through a tortuous path viz., the dédt— constricted geometry, there will be more iatincontact
between them. The flow takes place both axiallynfpry) and transversely (secondary) with the seapndelocity
being towards the axis in the fluid bulk ratherrtl@nfining within a thin layer as in straight chafs. Hence it is
advantageous to go for converging—diverging geaswetior improving the design of heat transfer emept.
Vajravelu and Nayfeh[38] have investigated theuefice of the wall waviness on friction and pressiiop of the
generated coquette flow. Vajravelu and Sastry[4®jehanalysed the free convection heat transfer Wis@ous,
incompressible fluid confined between long vertieavy walls in the presence of constant heat sourager
Vajravelu and Debnath[39] have extended this stodyonvective flow in a vertical wavy channel irufdifferent
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geometrical configurations. This problem has begtereled to the case of wavy walls by McMichael and
Deutsch[17], Deshikachar et al[5], Rao et al[27d &mee Ramachandra Murthy[34]. Hyan Goo Kwon &]dihve
analyzed that the Flow and heat/mass transfervimwy duct with various corrugation angles in twondnsional
flow regimes. Mahdy et al[16] have studied the mdix®nvection heat and mass transfer on a vertiealyvplate
embedded in a saturated porous media(PST/PSE).nCemal[3] have analyzed the Convective heat ardsm
transfer in wavy finned-tube exchangers. Jer-Hwamy Et al [9] have analyzed that the mixed conwgadteat and
mass transfer along a vertical wavy surface. Muthet.al[21] have consider mixed heat and massfieathrough
a vertical wavy channel with porous medium. Regekitimar[12] has investigated two-dimensional heatdfer of
a free convective MHD flow with radiation and termgteire dependent heat sources of a viscous incasipte
fluid, in a vertical wavy channel. Several authfdr$,28,29,31,35] have discussed the flow in wavgnetels under
varied conditions.

In many chemical engineering processes, there doewr the chemical reaction between a foreign naassthe
fluid in which the plate is moving. These procestd® place in numerous industrial applications, iolymer

production, manufacturing of ceramics or glassward food processing. Das et al[4] have studiedeffects of
mass transfer on flow past an impulsively startefinite vertical plate with constant heat flux antemical

reaction. Muthukumaraswamy [20] has studied thectdf of reaction on a long surface with suctioncedRely

Gnaneswar[7] has studied radiation and mass tnaoefan unsteady two-dimensional laminar convedtivendary
layer flow of a viscous incompressible chemica#tgcting fluid along a semi-infinite vertical platéth suction by
taking into account the effects of viscous dissgratThe present trend in the field of chemicalkt&zm analysis is
to give a mathematical model for the system to iptatie reactor performance. A large amount of aese work

has been reported in this field. In particular #tady of heat and mass transfer with chemical i@ads of

considerable importance in chemical and hydrometittal industries. Chemical reaction can be cedifas either
heterogeneous or homogeneous processes. This depemnhether they occur at an interface or as glesiphase
volume reaction. Frequently the transformationsceedl in a moving fluid, a situation encountered inumber of
technological fields. A common area of interesthe field of aerodynamics is the analysis of thérbwundary
layer problems for two dimensional steady and inoassible laminar flow passing a wedge. Simultandueat
and mass transfer from different geometrics embgddea porous media has many engineering and gsagiy
application such as geothermal reservoirs, dryfgpoous solids thermal insulation, enhanced abwery, packed-
bed catalytic reactors, cooling of nuclear reactarsl under ground energy transport. A very sigaift area of
research in radiative heat transfer, at the pretiere is the numerical simulation of combined réidia and

convection/conduction transport processes. Therteffas arisen largely due to the need to optimimtustrial

system such as furnaces, ovens and boilers anéthtiiest in our environment and in no conventiogiaérgy
sources, such as the use of salt-gradient soladspéor energy collection and storage. In partiGulzatural

convection induced by the simultaneous actionumfylancy forces resulting from thermal and masaslifi is of
considerable interest in nature and in many indalsapplication such as geophysics, oceanograghying

process, solidification of binary alloy and chenhieagineering Muthukumarswamy et al [19], Kandaswyash

al[10] have discussed the effects of chemical reacheat and mass transfer on boundary layer fie&r a porous
wedge with heat radiation in the presence of soatioinjection.

T=F + O(T, — T1)Cos(ux)

C=C; + O(Cz — Cy) Cos(wt)

y =-Lf(&x/L) y =+ Lf(8x/L)

Configuration of the Problem
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In this paper, we make an attempt to analyse tteteady convective heat and mass transfer flow sfous,
electrically conducting fluid confined in a verticahannel on whose walls an oscillatory temperatanel
concentration are prescribed. Approximate solutimnsoupled non-linear partial differential equasogoverning
the flow, heat and mass transfer are solved byrtunbation technique. The velocity, temperatureyaemtration,
skin friction and rate of heat and mass transferdéscussed for different variations of GovEc,P and t.

FORMULATION AND SOLUTION OF THE PROBLEM

We consider the unsteady flow of a viscous incosgilde electrically conducting fluid in a vertioahvy channel
bounded by wavy walls in the presence of constasat Isources. The unsteadiness in the flow is dudhdo
oscillatory temperature and concentration presdribe the boundaries. We choose a Cartesian cotedayatem

0(x y) with walls aty = £Lf (ox/L). By using Boussinesq approximation we considerdeesity variation only

on the buoyancy term also the kinematic viscositythe thermal conductivity k are treated as coristafihe
equation governing the flow, heat and mass tramssfer

ou ou_ ou_ 1 ap U ,0%u a u, ,Ou‘H’
—+u—+v— = u- 1
ot ox oy P 0X ,o(ax ) ( ol ) P9 @
ov uav Va_v __1 ap U 6 v ﬂ )
o ox oy ,oay Yo, X oy’
oT  oT oT 0°T  9°T
C.(—+u—+v— —+—)+ 3
pO p( t aX ay) (axz ayz) Q ()
2 2
E 2488 2p, 008 ke @
ot 0x ay ox® oy
P~pPy = _ﬂopo(T _Tl) _ﬁ. (C _Cl) )

where u and v are the velocity components in x gsdirections respectively, T is a temperature, Cthe
Concentration, p is a pressupeis a density, k is the permeability of the porowesdium, is dynamic viscosity, k

is coefficient of thermal conductivit is coefficient of volume expansior?’ is the coefficient of expansion with

concentration, D1 is the molecular diffusivitik’ is the coefficient of chemical reaction, gr is taeliative heat
flux and Q is the strength of heat source.

The boundary conditions are
u=0,v=0,T=T,C=C1 aty=-LBx/L)
u=0, v=0, T=1+0(T—T,)cosgr), C=C+0(C—C;)cos(wt) on y=+Lf(Ox/L) (6)

The flow is driven by a constant flux given by
1 eLf
q=—[, udy (7)

Eliminating the pressure between the equations@)&(d introducing the stream functi¢h defined by

u= a_lﬂ V= _0_(// the resulting equation is
ay ox
2 2 2
9CY) 20 00Y) 90 ATY) e (KM SLAZ w +ﬂg_(T T)
y  oX ox oy £, ®)

+ﬂ'gaiy(c—cl)

The equations of energy and diffusion are

OT 0y oT oy oT 0°T  0°T
C K, (s +—) +
Poo o ay ox  ox ay) f(ax2 ayz) Q

©)
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2 2
(9C  0w0C _waC, o, O°C O°C) .o
ot 9y ox O0x oy ox° oy
On introducing the non-dimensional variables
U =u/(v/L),(X,y)=(xy)/L 8= LIl Y Sl MO
T,-T C,-C

The governing equations are in the non-dimensiforat are

o(0%) oy o(0%) _ oy A(0Y)\ _ s
1 e v VR VAR AL
Mzal'g+G(—+N—)

oy
200, Q036 _0yd6, 0% ae
ot " dy Ox Ox dy x> ay?

,0C 0y aC ayac, _ 8°C  a%C

P(y )+

< + K &)C
Vo oy ax axay) o o) (K
where
3 (T~ T) » L OEHIL
G=f[,0L° 25>  (Grashof number),M * = ———°2— (Hartmann Number),
)4 14
2
P= /J—CP (Prandtl number)y = QATL (Heat source parameter),
Ky Ky
= M (Buoyancy ratio), SC = v (Schmidt number),
,B(Tz _Tl) D,
, _al? _K'L? _ .
yo = (Wormsely NumberK = (Chemical reaction parameter),
Vv
Mf =M?

The transformed boundary conditions are
u=0, v=0, 6=0, C=0 at y = -fpx)
u =0, v=0, 6=1+0cos¢t), C=1+0cos (xt)aty=+fdx)

SOLUTION OF THE PROBLEM
On introducing the transformations

=Y
f(X)
the equations (12)-(14) reduce to
2y O(F? 0 o(F? oY a F2 4
X 0x

ox=X and

2)0° ‘/’+Gf )(_+ N—)

26 06’

fzymf(awae_awae
ot on ox o0xadn

P(y? ) =S g
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(13)

(14)

(15)
(16)
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(18)
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oC oy aoC oJyocC 0°C 62C
e e I Cia
ot on ox ox an 0X

In view of the boundary conditions (15-16) we assum

Sy f

) (K &f?)C (20)

Wwxn,t) =W, (x,n)+ee' W, (x,n) +...........
8(x,n,t) = 6,(x,17) + £€" G,(X,17) * ...
C(x,77,t) =C,(x,77) + £€'C,(X,77) +....... (21)

Substituting the series expansion (21) in equat{@i¥(20) and separating the steady and transiemts we get

0, 0°W, 0y, d° 9 9°
(a0 Do 000 0oy 3o 120,

2
an an®ox ox an’ on* on’ 22)
+(6f )%+ N
(GF=)( on on )
3 3 3
(ny ) (5]:)(64[’10‘5/0 +aw164200 _a‘/’1a‘//30_
on on<ox 0n dan<ox 0x dn 23)
al//oal/’l)_al/fl MZO‘/IZO_l_(Gf )( 1+N£)
ox dan® on* on
(P5f)(a¢/° 08, _9¢, 0 °) = 0’ 920 +af ? (24)
ox 0x dn on
P(|y28 + (Jf)(a‘/ll 66 061 awo _ awo a61 _
ox ox dn  ox 0n 25)
96, awl) 026,
on 0x on?
2
%C - (Kf*)C, =0 (26)
PG - (sl ripC, = = (o ) o+
X
(27)
L 9C, g, _ 3y, C, _ aco oy,
ox an ox 0n 0n ox
The equations (22-27) are non-linear in natureuAssgd<<1 we take the solutions as
Yo =Wt OWor + e
W= +OW + i
Gy = O+ 06y + e,
0, =6+ 00, F e,
(O O o
C=C+0C + s (28)
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Substituting (28) in equations (22)-(27) and sefiggahe like powers o we obtain

d?C

Too_ﬂl 00 _Ocoo( 1) OC00(+1) 1

d2300 _ B B

d—/72 - N ,Q:Co0:050(-1) =0,6,(+D) =1

d 2C
d/72 _/81 0 =0,Cp(-)=0Cy,(+1) =0

d?g

ng =-Q,.Cy,6,,(-1) =0,6,(+1) =0

d* d? dé, d d d
l//OO MZ l/’oo G.I: ( 00 go):woo(-'-l) _l//OO (_:D:l l/’oo 0; l/’oo

dr* d7* d7  dy dy

7/ -M} d’yy, -Gf 3 ( °1+N 01) (@, ) de, A°We, _dz/loo d? l/loo)
d,7 d,72 ,7 d/]de dX d[7
dl// dz//
Vo)~ (D=0-g = =0-22=0
d?C

210 =BiC,p=0,C,u(-1) =0,Cyp(+]) =1

d26
dn? _:86 6, =—Q.Cy,6,,(-)=0,6,(+1) =1
dd2C211 _:Bazcn :(a,lf)(dl//oo dC,, + dy,, dCy, _ dyy, dCy _ dyy, dCy, '
n dn dx dn dx dx dn dx dn
Cn(-)=0C,,(+)=0

a2, , dy,, d6,, dw,, dé

— G.=- fAC.. +(a. f 00 10 4 10 00 _
an? Bsb, =—(Q.f7)Cyy +(a, F)( dn o | dp o

_ dl/loo dglO _ dl/llo 00)
dx dn dx dn
911 (-1)=06,(+1)=0
d l//lO B7 d ‘/IlO Gf ( lO +N dC )
d'7 ’7 dn dn
d d

Yo ()~ (-1 =0, ;[;710 :0’72:;10 =0

d* Y d? ‘//11 11 Cu dyy, d’ Yo Ay, dsl//lo
-Gf?® f -
an’ - B dn? ( dn )+(al )( 0 dnidk dx dn?
d d
Y, (+) -y, (1) =0, (;[:711 :0,% =0

On solving the equations (29)-(40) subject to rate\boundary conditions we obtain

_ 5(Ch(,5’1/7) Sh(ﬁl/?))
0" Ch(s)  S(A)
600 =a, (1_’7 ) +a, (Ch(ﬂl) - Ch(ﬁlﬂ)) *+ a5 (’78“(:31) - Sq(ﬂl’]))
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@37)
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(39)
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Yoo = asCh(B17) + e SN(B.17) + 3,77 + a5 + @ (17)

A7) = a,, — a7 +a,Sh(B) +a,Ch(Bi7)

Cy=0

6,=0

. = 05 CMB) | B
Ch(5;)  Sn(6;)

6. = 05CIEH) , S,
Ch(B:)  S(B,)

W10 = boeCh(Bo7) +bseSN(B:7) + 4 (7)

@ (17) = =(b33S(By7) + by, Ch(B:17) + s S(By7) + b, Ch(Be17)

Cu = & Ch(By7) +&,S(5y7) + ¢, (1)
@1(’7) = d13/72 - (d75 -1 d17)sq(181’7) - (d76 _Odlg)Ch(,Blﬂ) - d2031(2,31/7) -
- d21Ch(2181’7) - (d77 +1 d25)3’1(,35/7) - (d78 -1 d27)Ch(,85/7) +
+ (oo +770a3) SN(By/7) + (o + /7056 ) S Lof7) + (dgy +77035)CN(Be17)
+(dg, +77d,0)C(By17) + gy S(B,y7) + (dgs +77d,13)SN(Byy/7) + (dgs +
+17d56)CN(Byy77) + (dus +77d45)Ch(B17) + (dg; + 17056 )Ch(B,7) + (g
+170s,) SN(B117) + ggCN(B,477) + (dey +/7d50) SN(B,o7) + (dgy +77dg4) X
XSN(B.417) + (dg, +17dg5)Ch(BL417) + (dg, +17dg6)Ch(B,47) + (dgs +17d,) X
xS(B,+7)
6., = f6sCh(Be17) + feeSN(Be17) + @ (17)

)

@a(n) = f+ fn+ t07 + (£, +0°£)Ch(Bn) + (s +n° f,)Sh(Bn) + (f —nf , -
-n? fis +n* fL..)Sh(By) + (f, +n’ fio -n’ f15)Ch(By7) + (fie7 +° fig)X
XCh(By7) + 17, S0 (B7) + (f50+17% £ =17 £26)Ch(By7) = (17 5, +17° F6) X

XSN(B,17) = (T, =" T2) S B7) + T.Ch(By) + (T +17° T5,)Ch(By7) +

= (3 =177 £3)S(By7) + (T35 +17° T3 ) SN(Biof1) + (T35 +177 £40)Ch(B7) +
+(fo +7°1,)SN(B) + (Tap + 177 F33)SN(Biof) + (T4 #1717 T46) SN (L) +
+ (£ *)Ch(Bi1) + (T + 177 T5)Ch(Bu) + (T, + 177 £53) SN(Bryn) + (s +
+17° 156)Ch(Busn) + (Tes + 17 T )SN(Bisin) + 55 S(Bo7) + (Too +177 F,) X
XS (Boaf) + (foo +11° Ta3) SN(Boal) + T5,CN(Boa7) + 15,CN (Boat?) + fosf7*x
XCh(B21) + (fos +11fe;) SN (217)

where

B = KScf 2 B; =M f? B:=B.+ 5,
Bs =B~ B B =(iy* +K)f? ge=iy*P
/872:(M12+iy2)f2 /88:/81+ﬁ5 ﬁgzﬁl_ﬂs

,812 = /81 +:86 :813 = /81 _136 /814 = :31 +/37
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Bis =B~ 5 Bis =B, + Bs Bz =B, = Bs

B =B+ B B =B, — B B =B+ By
B =B, = By B =B, + Bs Bow = B, = Bs
and a,a&,.......... Ja10bnLbo, ... ... ,buasf1,fo,....fs7 @are constants .

* FOR B=0 anda = 0 our results are in good agreement with NARAHRI (22).

NUSSELT NUMBER and SHERWOOD NUMBER
The Rate of heat transfer (Nusselt number)at +1 is given by

1 dé
g = Nu(z1) = (m)(d—]
m w y y=+1
and the corresponding expressions are

. 1_1(d1 +éeitd3), NU”:_l =6i(d2 +éeitd4)' Hm — d5 +éeitd6

m
The Rate of mass transfer (Sherwood Number) at =1 is given by

Sh(e1) = (#)( dcj

Nu/):+l =

c.-c,/\dp
and the corresponding expressions are
$n:+1 - C —1(d7 +getd9), S']n:—l :C_(d8+éetd10)’ Cm =d11""9etdlz

where d d,,...... di, are constants.
DISCUSSION OF THE NUMERICAL RESULTS

We investigate the effect of chemical reaction loa tinsteady convective heat and mass transferdfawiscous
electrically conducting fluid in a vertical wavy afnel which are maintained at oscillatory tempeeatand

concentration. The walls are taken/at= +1+ Bexp(x?). [>0 corresponds to dilation of the channel walls
and /3 <0 represents constriction of the walls. We coniine attention to the case ¢f <0.

The axial velocity (u) is shown in figs 1 — 9 foiffdrent values of G, My,B,y,K, N, Sc and x. The actual axial
velocity is in the vertically downwards. Fig.1 repents u with Grashof number 1. The magnitude efihances
with increase in G>0 and depreciates with G<0 widximum atn=0. Higher the magnetic force lesser |u| in the
flow region (fig.2). An increase in the strengthtbbé heat source enhances |u| everywhere in tienrffeg.3). The
variation of u withp shows that greater the constriction of the chamradls smaller |u| in the region (fig.4). An
increase in Wormsely numbgrleads to an enhancement in |u|. Also |u| enhanitbsincrease in the chemical
reaction parameter K (fig.5). When the moleculanyancy force dominates over the thermal buoyancgefohe
axial velocity enhances when the buoyancy forcésnathe same direction and for the forces actm¢he opposite
directions the velocity depreciates in the flowioag(fig.6). The variation of u with Schmidt numb®c shows that
lesser the molecular diffusivity larger |u| (fig.7)From fig.8 we find that |u| enhances with higlieermal
diffusivity. Moving along the axial direction theebocity enhances with X = and depreciates with higher>x2r

(fig.9).
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The secondary velocity (v) is exhibited in figs 18or different parametric values. Fig.10 représenwith G. It is
found that v is towards the mid region in the rightf and is towards the boundary in the left hglfenhances with
increase in |G|. Higher the Lorentz force smallpim| the entire flow region (fig.11). An increase 4 depreciates
[v| and enhances witth > 6 (fig.12). Greater the constriction of the chdmwalls larger |v| in the flow region
(fig.13). From fig.14 we find that the secondaryoeity experiences an enhancement with increase. ihe
variation of with chemical reaction parameter kwhdhat |v| enhances with increase in k in theHeft and in the
right half |\ depreciates with«1.5 and enhances with highexk5(fig.15). The variation of v with N shows thef |
enhances with N > 0 and reduces with [N| (<0) X68y. The variation of v with Sc shows that |v| endes with
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increase in Sc. Thus lesser the molecular difftsiairger the magnitude of v everywhere in the fi@gion(fig.17).
Moving along the axial direction the secondary eéjoenhances with x(fig.18).
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The non-dimensional temperatur@) (s shown in figs.19-28 for different parametrialues. We follow the
convention that the non dimensional temperatfyds( positive or negative according as the actealgerature is
greater / lesser than the T2. Fig.19 represéntgh G. It is found that the actual temperaturduees with G > 0
and enhances with |G| in the entire region. Theshtémperature enhances with higher Lorentz f¢fige?0).
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Also an increase i leads to an enhancement in the actual temperatuiee flow region (fig.21). Greater the
constriction of the channel walls larger the terapae (fig.22). From fig.23 we find thatdepreciates with increase
iny. An increase in K leads to a depreciation in ttte@ temperature (fig.24). The variationfofvith N shows that
the actual temperature reduces with N > 0 and erzawith |N| (<0) (fig.25). Lesser the molecul#fugivity
smaller the actual temperature in the flow regifigquZ6). Moving along the axial direction the adttemperature
experiences an enhancement everywhere in the rd§im@7). The variation of the temperature withamultl
number P shows that higher the thermal diffusisityaller the actual temperature (fig.28).
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The non dimensional concentration (C) is exhibitedigs.29-37 for different parametric values. Wildw the
convention that the non dimensional concentratiopdsitive or negative according as the actual @etnation is
greater/lesser than C2. Fig.29 represents C with iG.found that the actual concentration redus#hb increase in
G > 0 and enhances with |G|. An increase Moareduces the actual concentration (figs.30&31). a@ne the
constriction of the channel walls higher the actaicentration in the entire flow region (fig.32n increase iry
reduces the actual concentration (fig.33). Fron8#gt follows that an increase in the chemicatties parameter k

reduces the actual concentration and enhancesigitier k=2.5.
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When the molecular buoyancy force dominates overthiermal buoyancy force the actual concentratidraaces
irrespective of the directions of the buoyancy é&sr¢fig.35). The variation of C with Sc shows titta¢ actual
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concentration depreciates with lesser the moleaddiffusivity (fig.36).
channel the actual concentration reduces withiretiige flow region (fig.37).

Moving along the axial d&mce of the
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The Nusselt number (Nu) gt= +1 is shown in tables 1- 4 for different valdsG, M, a, B, v, K, N, The rate of
heat transfer depreciatesrpt= + 1 and enhances iqt= -1 with increase in G > 0 while for G <0, [Nmpances at

n=+1 and reduces af = -1. The variation of Nu with Hartmann number Kkbws that higher the Lorentz force

smaller |[Nu| ah = +1. An increase in the strength of the heat@®@nhances |Nu| at= +1 and reduces gt= -1.
The influence of surface geometry on Nu is showtables 1 & 3. It is observed that greater the tan®n of the
channel walls larger [Nu| gt= +1 and smaller |Nu| &t = -1. Also |Nu| enhances with increase in the Wsadgn
numbery at both the walls(tables 1 & 3). The variatior\af with chemical reaction parameter K shows thghér

the chemical reaction parameter K smaller [Nu| at+1 and smaller at = -1. When the molecular buoyancy force

dominates over the thermal buoyancy force the oateeat transfer reduces at both the walls wherbtieyancy

forces act in the same direction and for the foaag in opposite directions it enhancesatl and reduces at
n=-1(tables 2 & 4).

Table 1 : Nusselt number (Nu) af = +1

G | Il I v \ \ Vil VIl IX X
10° 0.403 | 0.22834 0.1391 0.5087 0.55p3 0.44518 0.35002878 | 0.4033 0.40251
3x10 [ 0.3913| 0.19911] 0.091# 0.5014 0551 0.43219 0.34062793| 0.3915 0.39071
-10° 0.4266| 0.28681 0.2345 0.5233 0.5669 0.47116 08710.3046| 0.4269 0.42611
-3x10° | 0.4383| 0.31604 0.2820 0.5306 0.57R2 0.48414 048840.3817| 0.4131 0.4379

M 2 4 6 2 2 2 2 2 2 2

a 2 2 2 4 6 2 2 2 2 2

B -0.5 -0.5 -0.5 -0.5 -0.5 -0.3 -0.7 -0.9 -0.4 -0.9

y 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 15 2.5
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Table 2 : Nusselt number (Nu) an = +1

G | Il I v \' VI
10° 0.40303| 0.42303  0.4303 0.2592 2.40438 3.4837
3x10 [ 0.39127] 0.41127 0.4412F7 0.25163 2.33417 3.2491
-10° 0.42657| 0.44657 0.46657 0.27484 2.54481 3.p53
-3x10° [ 0.43834] 0.46834 0.48834 0.28191 2.61502 3.1876

K 0.5 1.5 25 0.5 0.5 0.5

N 1 1 1 2 -0.5 -0.8

Table 3 : Nusselt number (Nu) af =-1

G | Il 1 v \ \ )il Vil IX X
10° -0.7041| -0.38079 -0.28q -0.69294 -0.6892 -0.70348.70504| -0.70665 -0.7058 -0.7
3x10 | -0.7234| -0.41937 -0.3438 -0.702%8 -0.6957 -0.72P7B.72434| -0.72594 -0.724F -0.72
-10° -0.6655| -0.30363 -0.1702 -0.67365 -0.6764 -0.66488.66643| -0.66803 -0.666p -0.67
-3x10° [ -0.6462| -0.26509 -0.112h -0.664 -0.66P9  -0.64%54.64713| -0.64873 -0.6473 -0.65

M 2 4 6 2 2 2 2 2 2 2

a 2 2 2 4 6 2 2 2 2 2

B -0.5 -0.5 -0.5 -0.5 -0.5 -0.3 -0.7 -0.9 -0.5 -0(5

y 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 15 25

Table 4 : Nusselt number (Nu) afn =-1

G | I Il [\ \ Vi
10° -0.70407| -0.66407 -0.6240F7 -0.36862 1.92885 1.10351
3x10° | -0.72337] -0.70337 -0.643f  -0.37872 1.98172 1.13376
-10° -0.66546| -0.625449 -0.60546 -0.34841 1.8431 1.04301
-3x10 | -0.64616| -0.606164 -0.54616 -0.3383  1.77022 1.01276

K 0.5 15 25 0.5 0.5 0.5

N 1 1 1 2 -0.5 -0.8

P 0.71 0.71 0.71 0.71 7 10

The rate of mass transfer (Sh)rnat £1 is shown in tables 5-8 for different paraneetalues. It is found that the
rate of mass transfer enhances with increase in0@rd reduces with |G| at both the walls. An iaseein M leads
to a depreciation in |Sh| gt= +1 while atn= -1, it reduces with M< 4 and enhances with higher M6. The
variation of Sh with3 shows that greater the constriction of the cham@als larger |Sh| ajf = +1 and smaller at
n=-1. |Sh| enhances gt= +1 and reduces at = -1 with increase ity (tables 5&7). The variation of Sh with K
shows that an increase in the chemical reactioarpater K enhances |Shjat+1 and reduces at= -1.

Table 5 : Sherwood Number (Sh) af) = +1

G | Il 11 v \ \ Vil VI
10° 1.8103 | 0.60319 0.3954F 2.11744 1.56459 1.37068 1081 1.81501
3x10 [ 1.84731] 0.64904 0.45653 2.16972 1.58989 1.3871 481. 1.85202
-10° 1.73628| 0.51144 0.27333 2.01287 1.51399 1.3378F3707 1.741
-3x10 | 1.69927| 0.46557 0.21226 1.96059 1.4887  1.32141 000&| 1.70399

M 2 4 6 2 2 2 2 2
B -0.5 -0.5 -0.5 -0.3 -0.7 -0.9 -0.5 -0.5
y 0.5 0.5 0.5 0.5 0.5 0.5 1.5 2.5

Table 6 : Sherwood Number (Sh) af) = +1

G | 1l I} v \ VI Vil VIll IX
10° 1.8103| 4.11712 8.25034 0.56484 -0.7845 -0.60p74 60BQ| 1.36672 2.32543
3x10° | 1.84731| 4.17459 8.3421p 0.57689 -0.8006 -0.62p2119123| 1.39955 2.3671p
-10° 1.73628| 4.00218§ 8.06678 0.541y5 -0.7925 -0.58481098¥1| 1.30106 2.2419p
-3x10° | 1.69927| 3.94471 7.97501L 0.5302 -0.7364 -0.57R3506787| 1.26824 2.20028
K 0.5 1.5 2.5 0.5 0.5 0.5 0.5 0.5 0.5
N 1 1 1 2 -0.5 -0.8 1 1 1
Sc 13 1.3 1.3 1.3 1.3 1.3 0.24 0.6 2.01
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Table 7 : Sherwood Number (Sh) ah =-1

G | I Il v \4 \i Vil Vil
10° 0.4595| 0.2541 0.1971 0.47742 0.45924 0.4584 0.459041584
3x10 [ 0.4761| 0.2873 0.2469 0.48535 0.475986 0.475 0.4758B475
-10° 0.4262| 0.1876/ 0.0974 0.4617%5 0.426 0.4251 0.426 4250.
-3x1C0° | 0.4096] 0.1544 0.0475 0.45392 0.40938 0.4085 081(098.4085
M 2 4 6 2 2 2 2 2
B -0.5 -0.5 -0.5 -0.3 -0.7 -0.9 -0.5 -0.5
y 0.5 0.5 0.5 0.5 0.5 0.5 15 2.5

Table 8: Sherwood Number (Sh) ah =-1

G | Il I v \' \ Vil VIl IX
10° 0.45945| 0.37524 0.3106B 0.23087 -0.94703 -0.5874516@5| 0.48635 0.43414
3x10° | 0.47607| 0.39504 0.33338 0.23922 -0.98128 -0.60086.4708 | 0.50207| 0.45165
-10° 0.42621| 0.33568 0.26528 0.21417 -0.87852 -0.5449A45525| 0.45491 0.3991Pp
-3x10 [ 0.4096 0.3159 0.24258 0.20582 -0.84427 -0.5p37 8634 | 0.43919 0.38161
K 0.5 15 25 0.5 0.5 0.5 0.5 0.5 0.5
N 1 1 1 2 -0.5 -0.8 1 1 1
Sc 1.3 1.3 1.3 1.3 13 1.3 0.24 0.6 2.01

The variation of Sh with buoyancy ratio N showstt[#h| reduces with |[N| irrespective of the ditediof the
buoyancy forces. Also lesser the molecular diffitgilarger |[Sh| aty = +1 and smaller aj = -1 (tables 6&8 ).

CONCLUSION

In this analysis we investigate the effect of cleahreaction and wall wavyness on the flow charésties. The
important conclusions are:

1. The variation of u with shows that greater the constriction of the chamadls smaller |u| in the region. |u|
enhances with increase in the chemical reactioarpater K. When the molecular buoyancy force dorematver
the thermal buoyancy force the axial velocity erdesnwhen the buoyancy forces act in the same ireand for
the forces acting in the opposite directions tHeacity depreciates in the flow region.

2. Greater the constriction of the channel walls lajggin the flow region. The variation of with ahial reaction
parameter k shows that |v| enhances with increaken the left half and in the right half| depreciates with«1.5
and enhances with higheeXk 5. The variation of v with N shows that |v| enteswith N > 0 and reduces with |N]|
(<0).

3. Greater the constriction of the channel walls lathe temperature. An increase in K leads to aatgation in
the actual temperature. The variatiordafith N shows that the actual temperature reduddsNv> O and enhances
with [N] (<0).

4. Greater the constriction of the channel walls higthee actual concentration in the entire flow regid\n
increase in the chemical reaction parameter k esltite actual concentration and enhances with hig2e5b.

5. Greater the constriction of the channel walls lajiyi| atn = +1 and smaller |Nu| gt=-1. The variation of Nu
with chemical reaction parameter K shows that highe chemical reaction parameter K smaller |[Nq|at+1 and
smaller atn = -1.

6. Greater the constriction of the channel walls laj@| at) = +1 and smaller aj= -1. |Sh| enhances t= +1
and reduces af = -1 with increase iy (tables 7&10). The variation of Sh with K showsttlan increase in the
chemical reaction parameter K enhances |Si##at and reduces at=-1.
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