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ABSTRACT

We analyze the effect of chemical reaction, radiation, and radiation absorption on the transient convective
heat and mass transfer flow of a viscous, electrically conducting fluid in a vertical wavy channel with oscillatory
flux. The equations governing the flow, heat and mass transfer are solved by a regular perturbation technique with
the slope ¢ as a perturbation parameter. The velocity, temperature, concentration, the rate of heat and mass transfer
are analyzed for different variations of the governing parameters a, Qy, Ny f and K.
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INTRODUCTION

Coupled heat and mass transfer phenomenon in pamed& is gaining attention due to its interestipglications.
The flow phenomenon is relatively complex ratherthhat of the pure thermal convection process.edground
spreading chemical wastes and other pollutantsn gtarage ,evaporation cooling and solidificateme the few
other application areas where the combined themwhdad natural convection in porous media are olesbr
.Combined heat and mass transfer by free convectimter boundary layer approximations has been eduldy
Bejan and Khair [2],Lai and Kulacki [15] and Murtland Singh [20].Coupled heat and mass transfer ixgdn
convection in Darcian fluid-saturated porous média been analysed by Lai[14].The free convectiat Aed mass
transfer in a porous enclosure has been studiethtlgdoy Angirasa et al[1]. The combined effectstefrmal and
mass diffusion in channel flows has been studiedrecent times by a few authors, notably Nelson and
Wood[23,24],Lee at al[16] and others[35,38].

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 establishedH&] channels
with diverging — converging geometries augmenttthasportation of heat transfer and momentum. h&sfluid
flows through a tortuous path viz., the dilatedonstricted geometry, there will be more intimatatest between
them. The flow takes place both axially (primaay)d transversely (secondary) with the secondamcitglbeing
towards the axis in the fluid bulk rather than ¢oimig within a thin layer as in straight channelblence it is
advantageous to go for converging — diverging geonesefor improving the design of heat transfer ipment.
Vajravelu and Nayfeh [36] have investigated théumrfice of the wall waviness on friction and pressinop of the
generated coquette flow. Vajravelu and Sastry [8#le analysed the free convection heat transfer viscous,
incompressible fluid confined between long vertivalvy walls in the presence of constant heat sourcater
Vajravelu and Debnath [38] have extended this stadyonvective flow in a vertical wavy channel ouf different
geometrical configurations. This problem has bexended to the case of wavy walls by McMichael Bedtsch
[19], Deshikachar et al [7], Rao et al [27] andéSRamachandra Murthy [31]. Hyan Goo Kwon et all [idve
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analyzed that the Flow and heat/mass transfervimy duct with various corrugation angles in twondnsional
flow regimes. Comini et al [5] have analyzed then@ective heat and mass transfer in wavy finned-exmhangers.

In many chemical engineering processes, there doesr the chemical reaction between a foreign raassthe
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[6] have studiedeffects of
mass transfer on flow past an impulsively startefinite vertical plate with constant heat flux antemical
reaction. Muthukumara-swamy [22] has studied tHeces of reaction on a long surface with suctioecéntly
Gnaneswar[9] 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 dissgrat

The present trend in the field of chemical reactioalysis is to give a mathematical model forsgystem to predict
the reactor performance. A large amount of reseammtk has been reported in this field. In particile study of
heat and mass transfer with chemical reaction isoosiderable importance in chemical and hydroretatal
industries. Chemical reaction can be codified #seeiheterogeneous or homogeneous processes. fgads on
whether they occur at an interface or as a singés@ volume reaction. Frequently the transformatmoceed in a
moving fluid, a situation encountered in a numbietechnological fields. A common area of interesttie field of
aerodynamics is the analysis of thermal boundaygri@roblems for two dimensional steady and incasgible
laminar flow passing a wedge. Simultaneous hedtraass transfer from different geometrics embedded
porous media has many engineering and geophysgipdication such as geothermal reservoirs, dryingpafous
solids thermal insulation, enhanced oil recoverygcked-bed catalytic reactors, cooling of nucleactars, and
underground energy transport. A very significamaaof research in radioactive heat transfer, aptesent time is
the numerical simulation of combined radiation andvection/conduction transport processes. Thetdffts arisen
largely due to the need to optimize industrial egstsuch as furnaces, ovens and boilers and theshti our
environment and in no conventional energy soursesh as the use of salt-gradient solar ponds ferggn
collection and storage. In particular, natural aotion induced by the simultaneous action of buoyaforces
resulting from thermal and mass diffusion is of siderable interest in nature and in many indusajglication
such as geophysics, oceanography, drying procedilifisation of binary alloy and chemical enginewy.
Kandaswamy et al[13] have discussed the Effectshefnical reaction, heat and mass transfer on boyrdger
flow over a porous wedge with heat radiation inphesence of suction or injection

Recently, Jayasudha et al [12] has discussed fhetadf magnetic field on unsteady convective hewad mass
transfer flow in a vertical wavy channel with ostibry flux with radiation absorption

In this paper we discuss the effect of chemicaktien,radiation and radiation absorption on unsgeé&de

connective heat and mass transfer flow in a vértiay channel. The unsteadiness in the flow is tlughe

oscillatory flux in the flow region. The coupleduadions governing the flow, heat and mass traniséee been
solved by using a perturbation technique with tlopesd as the perturbation parameter. The expressionhfor
velocity, the temperature, the concentration, theas stress and the rate of heat and mass traarsfeferived and
are analyzed for different variations of the gowegrparameters G, R, NB,N, Ny a, y .k x and t.
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Formulation of the problem:

We consider the combined influence of radiation a@h@mical reaction on the unsteady motion of viscou
incompressible fluid in a vertical channel bountigdvavy walls. The thermal buoyancy in the flowldiés created
by an oscillatory flux in the fluid region. The walre maintained at constant temperature and otnatien. The
Boussinesq approximation is used so that the dewaiiation will be considered only in the buoyarfoyce. The
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viscous and Darcy dissipations are neglected inpeison with heat by conduction and convectionhie ¢nergy
equation. Also the Kinematic viscosity the thermal conducting k are treated as consté¥eéschoose a rectangular
Cartesian system 0 (x, y) with x-axis in the @kidirection and y-axis normal to the walls. Thallgv of the

X

channel are ay = xLf (T)

The equations governing the unsteady flow, heatnaask transfer are

Equation of continuity

ou ov
4+ -0 (1)
ox oy
Equation of linear momentum

Ju du ap 0°u  0°u

—tuU—+Vv ) =-—+ U+ — aucH U 2
pe(at ™ a) ™ /J(a a)pg(ue o) )

o v op 0% 4%

—+uUu—+Vv—)=——+ Y(—+—
PG " Uox ) oy Hox ay) @)
Equation of Energy:

oT oT 62T 62T 0
Col g Ve = A S+ S - =Ty +ai(e-cy - k) @
ot 0x 6

Equation of diffusion
oC o0C  o0C 9°C  0°C
—+u—+v—) =D, k.(C-C 5
(at I ay) (aXZ ) A ( e) (5)
Equation of state
P=Pe==PP(T-T) =B p.(C-C) (6)

where [, is the density of the fluid in the equilibriumat, Te, Ce are the temperature and concentratitimei

equilibrium state,(u,v)are the velocity componaitsng O(x,y) directions, p is the pressure, T,Cthestemperature
and Concentration in the flow regipis the density of the fluid, is the constant coefficient of viscosity ,Cp ie th
specific heat at constant presshi®,the coefficient of thermal conductivity 3 is the coefficient of thermal
expansion, Q is the strength of the constant iateneat sourceg,is the electrical conductivityue is the magnetic
permeability, ,BD is the volumetric expansion with mass fractionfoent D,, is the molecular diffusivity and; k

is the chemical reaction coefficient.

0
P~ p.9 )
X

In the equilibrium stateQ = —

where P = P, + Py, Pp being the hydrodynamic pressure.

The flow is maintained by an oscillatory volume xflfor which a characteristic velocity is defined as

qL+ke“) = judy 8)

—Lf

The boundary conditions for the velocity and terapgre fields are
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u=0,v=0 ,T=T, C=G ony=—Lf(%)

_ _ _ _ X
u=0,v=0,T=T, C=C, ony = +Lf (T) )
In view of the continuity equation we define theeaim functionp as

U:'llJy,V:lle (10)

Eliminating pressure p from equations (2) & (3) aisthg the equations governing the flow in termg afre

[(O%); +@x(D%)y =gy (O%) <] =0 = Bg(T ~To)y -
2

0
-£79(C - Coly - @HD L L
y
OT , 0y dT oy oT X 160°T? 0°T
C ADT - T,)+Q(C-C,)+ € 12
Pe (at oy ox  ox ay) Q(T -T,) +Q( 0) 5. oy (12)
9C , 0y 9C _dy oC ,
DO“C -k (C-C 13
(at ay OX  OX ay) o o) (13)
Introducing the non-dimensional variables in (9()®) as
] ] ' ' T T2 C_C2
X=x/L,y=y/Lt'=taoW=W/v,0= ,C'= (14)
T, -T, C -¢,
the governing equations in the non-dimensional foafier dropping the dashes ) are
ow.0%) G o’y
R(*(O%), + ————2) =0% + (=)@, + NC )-M? 15
(v (C°y), 2(x.y) ) =0y (R)(y y) oy (15)
2
p(y2 29 06 oy a8 oy ae) —%9-a8+0C+ 4 a_f 6
ot oy X Ox oy 3N, dy
So(y? 9C 4 0¥ 0C _OWOC) _ mag_yc (17)
ot oy X ox ay
where
3
R= % (Reynolds numbe@ = 'BgAI L (Grashof number)
vV 14
21322
P Cp ( Prandtl number)M 2 =M (Hartman Number)Sc = _E (Schmidt Number)
1 1
QL2 K1L2 . .
a= g (Heat source parametel§ = D (Chemical reaction parameter)
1
2 —
y2 = & (Womersley numb@€), = M (Radiation absorption parameter)
v D,C,
Dz :a_2 6_2
x> oy’
The corresponding boundary conditions are
pHf)-w(-f)=1
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a_l//: ) a_‘//:() atyn =+ f (18)

0x oy

0(x,y)=LC=1ony=-f,0(x,y)=0,C=0 on y=f ?—OZ—C—O aa y=0 (19
y y

The value ofp on the boundary assumes the constant volumetricifi consistent with the hypothesis (7) .Also the
wall temperature varies in the axial direction @ac@rdance with the prescribed arbitrary function t

M ethod of Solution
The main aim of the analysis is to discuss theupeations created over a combined free and foroesextion flow
due to traveling thermal wave imposed on the borieslaThe perturbation analysis is carried out $suming that

the aspect ratiod to be small.

Introduce the transformation such that

x=o2 =59
0x ox
Then
0 0
—=0 - —=0@1
o (9) > @

For small values a¥<<1 ,the flow develops slowly with axial gradieritasderd

And hence we tak%aj =0@®
X

Using the above transformation the equations (15rdduces to

2 2 D 4 2 ?
R (), + (g”( ‘)”)) g+ ()6, +NC,) M ‘Zy”f 20

06 61,1/65 _ oy od
ot dy ox O0x oy

Py — —)=0{6-a6 +QC (21)

,9C 0y 8C _ oy oC

&
4 ot oy X o ay

—)=0C-KC (22)

Where
2 2
J° 6_2 + a—z
ox~ oy
Introducing the transformation

y
e}

the equations(3.1-3.3)reduces to

T (2 (Fp), + "‘g”(f ‘)”))- e G )(e +NC,) - (M2 ) r/ @3

06 oy 06 oy 06
»(2 20 1 (0¥ 09 ¥
ot on X ox on

02 =

—)=F?0-af?9+Qf*C (24)
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&C(yza—c+ f(a_l,UO_C_a_lﬂO_C) = EF2C-KC
ot dn ox 0x dan
Where
2 2
Fr=g? 9 40

x> an’

We adopt the perturbation scheme and write

Y x7.8) =, (17, 0) + ke' Ty (x7,0) + O 1 (x.7,1) +ke" T 1(x,7,1)) +
é(x,n,t) =6, (x,n,t) +ke" 8, (x,7,t) + 3(8 ,(x,n,t) +ke".8 ,(x,7,1)) +

é(x,n,t) =C, (x,/7,t) + ke"Cq (x,7,t) + O(C ,(x,77,1) + ke" C, (x,77,1)) +

(25)

(26)

On substituting ( 20) in (23) - (25) and separatimg like powers od the equations and respective conditions to the

zeroth order are

Gf®
Yo, namn ~ (M/f 2)‘/’0, oy = _(?) (6,, +NC,,)
6,,, —(af )8, =0

Cypy —(KSCF2)C, =0

With Wo(+1)We(-1) = 1,

LIJOr]ZO,l-IJo,x—O an =+1
6,=1 , C, =1 on n=-1
g,=0 C, =0 on n=1

go,y/y - (IPyzf 2)50 =0
C_:O,fm - (KSCVZ f Z)C_:o =0

2, 2 Gf3, — _
Gopmy ~ (M +iy) I, = _(?)(60,,7 +NC,,,)

a.(x)=0 C,(x) =0
J,(+D)-7,(-)=1 ¢&,,(t)=0¢,,(xD)=0

The first order equations are

7 — (V7 %%3)(61,7 +NC,,) + (RN W@h , Yo xn ~WoxPosnn)

6, ~(@1?)6,=(PR)Wo,6,, ~¥s,60)

C, —(KSf?)C, =(Sf) @o,Copy ~¥o,Cor)

D= (M +H A ET, :%G—:)@n +NC,,) +(RO@o Yoy *
W o xan ~Yox Doy ~ToxPonnn)
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(27)

(28)

(29)

(30)

(39

(32)
(33)

(34)

(39

(36)

(37)
(38)

(39)
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glﬂ’] a ((I Py2 + a) f 2) 51 = (PRf ) (wO,']gOVX +w0,/]00>< _wo,xeo,/y _wo,xgo/;) (40)

61‘,7” - ((K + I VZ)S:-II 2) 61 = (&f ) ([/Io,qéo,x +w0,l7cox _wo,xco,q _wo,xéory) (41)

With 1) Pia)=0
l.IJ]_’n = O ,l.IJ]_ , x— 0 atr] = il (42)
0,(x1) = 0 G(+1) = 0

g()=0  GD=0

o) - (-)=1 ¢,) =0, (x)=0

NUSSELT NUMBER and SHERWOOD NUMBER
(7)., = d, +Ecd, + &, + O(3?)

The local rate of heat transfer coefficient (Nussamber Nu) on the walls has been calculated usiedormula
1 06
Nu =

- Hm _HW (a_y)n:il

where

6. = O.5J1'6?d/7
-1

and the corresponding expressions are
dy, +od
(N u)”:+l = ( 9 : 11)
(6, —Sn(x+ 1))

(N, = 9+ 3%)
(6,1

Where g, =d,, +9d,,

The local rate of mass transfer coefficient (ShemvéNumber Sh) on the walls has been calculatedgusia
formula

c,-C, oay ™
1
where C,= O.SICdy
-1
and the corresponding expressions are
d, +dd d, +od
(91),7:+1 - ( 4 6), (S,])”:_l - ( 5 7)
(Cnn) €, -1
WhereC,, =d;, +0d;; d;0y i d,, are constants given in the appendix.

RESULTSAND DISCUSSION

In this analysis, we investigate the effect of clwinreaction, radiation and radiation absorption unsteady
convective heat and mass transfer flow of scotis electrically conducting fluid in a veat wavy channel
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in the presence of heat generating sourcesaXia¢ velocity is shown in figure 1 — 5 for difeart values ofy,
Q1,B, N1K.

An increase in the strength of the heat sourceceslju| in fluid region. Also for evaryu exhibits a reversal flow
in the entire flow region (fig.1). An increase hetradiation absorption parameterr@sults in an enhancement in |u|
in the lower half and reduces in the upper halhefchannel (fig.2). The variation of u with radbatparameter N
shows that higher the radioactive heat flux{N5) larger the axial velocity and for further hggtvalues of N>3.5,
we notice a depreciation in u(fig.Zhe influence of the surface geometry on u is showfig.3.It is found that
higher the constriction of the channel walls, larfgg forf< 0.3 and smaller foB0.5

The variation of u with chemical reaction parameéteshows that the axial velocity enhances with éase in k
(fig.4).

The secondary velocity (v) which is due to the wadlviness of the channel is shown in figs 6-10

The variation of v with heat source parameteshows that the magnitude of v enhances remarkaittyincrease in
a in the lower half of the channel and depreciatethé upper half of the channel (fig.6). An incee@s Q leads to
an enhancement in |v| (fig.7). The variation ofithwadiation parameter N1 shows that higher tltho@ctive heat
flux larger the secondary velocity (fig.8). Frorg.fl we find that higher the constriction of the hal walls larger
[v| in the flow region. The variation of v with achial reaction parameter k shows that |v| enhawitbsincrease in
k<0.5 and depreciates with highex1k5 (fig.10).

+5
1 .
n./- :
- 0
&5
X 1
Fig.1 Variation of u with o Fig 2 Variation of u with Q1
I II 1III I II III
oL 2 4 6 Q1 2 4 6
]
B8
— —
1 04
Fig.3 Variation of u with N1 Fig 4 Variation of u with
I II I v v I Im Im mw v
N1O03 15 353 3 10 g 01 03 03 07009
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Fig 5 Variation of u with K
I I III Iv
E 03 05 15 25

=
L
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L4 ]

1 0, 1

Fig.7 Vanation of v with Q1

I I I
QL 2 4 6

E
X 0., 1

Fig 9@ Variation of v with p
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B -01 03 0507 09

=
=
-1 1]

i T 1
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Fig 6 Variation of v with o
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Fig € Vanation of v with N1
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O
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Fig 10 Variation of v with k
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1Ll

Fig.11 Vanation of 8 with o
I II III

Fig 13 Variation of Gwith N1
I I III IV WV

N105 15 35 5 1

[ ]

n 0 1

Fig.15 Varnation of O with k
I II III IV
k 0305315 25

-1 0

. 1

Fig .12 Vanation of 6 with Q1

I I III
Q1 2 4 6
| %
A 0 1

Fig .14 Variation of 8 with B
I I Il v v
p-01 03 05 -07-09

(4 %]

Fig 16 Vanation of C with o
[ II 1III
a 2 4 6
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1

Fig .17 WVaration of C with Q1 Figlf WVaration of C with N1
I II 1III I II III IV WV

QL 2 4 6 N105 15 35 5 1

g
-1 0 1
Fig 19 WVariation of C with p Fig 20 WVariation of C with k
I o I Iv v I II III IV
B -01 03 05-07-09 kE 030515 25

The non-dimensional temperatu@® (s shown in figures 11-15 for different parametvialues. We follow the
convention that the non-dimensional temperaturpasitive or negative according as the actual teatpeg is
greater or lesser than,. TThe variation o® with heat source parameterexhibits an increasing tendency with
(fig.11) From figl2.We notice that the actual tem@pere enhances with increase in the radiation rakisa
parameter @ The variation o with N; shows that the actual temperature reduces wittease in N<1.5 and for
higher N>3.5 we notice an enhancement in the actual temper#fig.13). The influence of the wall waviness is
shown in (fig.14). It is found that higher the ctiidion of the channel walllf§|<0.7) larger the actual temperature
and for further higher constrictio3(=0.9) smaller the actual temperature. An increasthénchemical reaction
parameter 0.5 leads to a depreciation in the actual tempezatnd again enhances with highe0k (figl5).

The non-dimensional concentration (C) is shownigs f.6-20 for different parametric values. An irage in the
heat source parameter (<4) reduces the actual concentration and for higies,we find an enhancement in
C(fig.16). An increase in Qenhances the actual concentration in the entike fegion (fig.17).. The variation of C
with N; shows that the actual concentration reduces withease in 1.5 and enhances with;Nh the range
3.5<N;<5 and again reduces for still highef=MO (fig.18).Higher the constriction of the chanmellls larger the
actual concentration in the flow region (fig.19)Ha20.5, we find that the actual concentration enhancethe
region and for higher 0.7, it depreciates in the regions and for furthgther k0.9,it increase in the flow
region(fig.20).The rate of heat transfer (Nujat +1 is shown tables 1-4 for different values ofiG3, N1,k, Q. It

is found that the rate of heat transfer enhanags+dtand reduces af=--1 with G>0 and for G<0,we notice an
enhancement at both the .walls. The variation ofWith chemical reaction parameter k shows that| éiljances
with k atn = +1. An increase in Qreduces it ah=+1 and enhances gt= -1. . With respect to the radiation
parameter N1 we find that |[Nu| reduces at+1l. Moving along the axial direction the Nusselt fnemreduces at
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n=+1 and enhances gt -1 for all G. higher the constriction of the vglhrger the magnitude of rate of heat
transfer at both walls (tables 1-4). The rate ofssnaansfer (Sh) aj+ 1 is shown in tables 5-8 for different
parametric values. An increase in G>0 enhancest|§ +1 while it enhances a = +1and reduces at= -1 for
G<0. An increase in the radiation absorption patam®@ enhances the rate of mass transfey=al in the heating
case and in the cooling case, it reduces at bettwtils.An increase ind.5 enhances |Sh| and depreciates with
higher k22.5 in the heating case and cooling case a red@f$ect is observed in the behavior of |Shj=at1.Atn

= -1 the rate of mass transfer depreciate increasefor allG. The variation of Sh with radiatiorayameter N
shows that higher the radioactive heat flux€R®5) smaller Sh aj=1 and enhances gt-1 while a reversed effect

is noticed for higher N45 for all G. Higher the constriction of the channallls larger |Sh| aj = +1 and smallen
= -1.(tables 5-8)

Table-1Nu aty=+1 ($<0)

G | Il I v \ | v VI
10 | -2.67594] -3.5283 1.30452 -1.7498 -3.3163 -4.B8448.2131
30 | -1.81281] -3.5339 1.3131)8 -1.3995 -2.0329 -3.60005.4756
50 | -1.43725] -3.543% 1.32165 -1.19P4 -1.5407 -2.37824.1627
B
5
2

-10 | -6.4516| -3.5264 1.2956 -2.53%5 -15.164 -10(8[/217.413
-30 | 8.88845( -3.5281 1.2864 -5.4921 4.4577  23.1B191.8729
-50 | 2.28471| -3.5333 1.2774 14.235 1.72353 5.16pG2.1438

o 2 4 6 2 2 2 2
Kk 0.5 0.5 0.5 1.5 2.5 0.5 0.5
Q 2 2 2 2 2 4 6

Table-2 Nu at y=+1

G | Il Il [\ \ VI Vil VIl IX X
10 | -2.675( -2.883 -3.017 -1.920 -1.1544 -2.421 @066[ 0.79491f -18.73§ 0.174Y

§

30 | -1.812| -2.854 -2.604 -1.0274 -0.5343 -2.427 3pB7| 0.75359| 52.2674 0.05614
50 | -1.437| -2.832 -2.34]1 -0.7547 -0.3877 -2.438 M47 0.70725| 12.7154 0.035}
-10 | -6.451| -2.921] -3.74 25.4903 2.44% -2.421 TB®B4 0.83058] -7.03597 -0.121fL
-30 | 8.8884| -2.971 -5.348 1.428¢48 0.54786 -2.425 1428 | 0.85993] -3.9769 -0.0417
-50 | 2.2847| -3.040 -11.6 0.696f 0.315015 -2.435 @K&q 0.88228] -2.5839 -0.024B
B -0.5 -0.1 -0.3 -0.7 -0.9 -0.5 -0.5 -0.5 -0.9 -0.9
N 0.5 0.5 0.5 0.5 0.5 15 3.5 5 10 100

Table-3Nu at y=-1

G | Il LI} [\ V VI VIl

10 -1.415 | -3.215§ 1.6705 -5.05784 -2.32D5 -3.650-7.54666
30 | -1.0119] -3.217) 1.6764 -0.16649 -1.4493 -2.3884.91837
50 | -0.8607] -3.2214 1.6822 -0.233p1  -1.1394 -1.808.70814
-10 | -3.5612] -3.2161] 1.6641 0.179% -14.361  -9.47747.5644
-30 | 2.44292|] -3.218§ 1.6582 1.392] 2.26379 10.9988.11716

Ll K22 S

[y

[¢2]
N

-50 | 0.62177| -3.2234 1.65188 -1.792#44 0.84483 3.3189.10072
o 2 4 6 2 2 2 2
k 0.5 0.5 0.5 15 2.5 0.5 0.5
Q: 2 2 2 2 2 4 6

Table-4 Nu at y=-1

G | Il 1} \Y V VI VIl VIII IX X

10 | -1.415] -1.4334 -1.55¢ -1.05 -0.6897 -2.462 P1BG| 1.99666| 1.3235] -0.117¢4
30 | -1.011] -1.547q -1.44¢6 -0.6028 -0.34p5 -2.468 1@&65| 1.89821] 1.36058 -0.0332
50 | -0.860| -1.641q -1.38]1 -0.4747 -0.26f3 -2.482 63| 1.79622 1.39704 -0.0170
-10 | -3.561] -1.2934 -1.786 7.740943 1.30385 -2.46199105| 2.09069 1.2851#f 0.10987
-30 | 2.4429] -1.1144q -2.41] 0.60101 0.28§87 -2.46619%89| 2.17933 1.2329p 0.04098
-50 | 0.6217] -0.8744 -9.21f 0.27324 0.16§35 -2.47737805| 2.26151)] 1.2247p 0.02604
§ -0.5 -0.1 -0.3 -0.7 -0.9 -0.5 -0.5 -0.5 -0.5 -0.5
Ny 0.5 0.5 0.5 0.5 0.5 1.5 3.5 5 10 100
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Table5Shaty=+1

G | Il 111 \Y V VI VIl

10 | 7.38657| -1.6401 0.3758 10.48p9 5.60425  5.19pP792027
30 | 5.96968 -1.608] 0.4597 9.04088 4.47(083  4.24p1955381
50 | 5.61502| -1.575] 0.541 8.52888 4.29143  3.82p8635177
-10 | 13.04088] -1.6717 0.28979 14.22p6 11.9016 746953.63662

[¢9]

=

w

-30 | -10.6524] -1.7029 0.2011f7 -28.8%7 -16.037 2153905.3555
-50 | -8.38811] -1.733§ 0.11008 -8.7979 -4.0945 -1209p -13.152
o 2 4 6 2 2 2 2
k 0.5 0.5 0.5 1.5 2.5 0.5 0.5
Q1 2 2 2 2 2 4 6

Table-6 Shaty=+1

G | 1l 11 IV V VI VIl VIl IX X

10 | 7.3865 6.3641 6.6785 8.6091 10.93 -1.83 1.6$20.8049 1.8194 1.7943
30 | 5.9696 6.2364 5.7534 6.7220  7.94p1 -1.79 1.7801.9061 1.9579 1.9873
50 | 5.61502] 6.13042 5.30861 6.690[L3 8.4119 -1.743B5456] 1.9853 2.0626p 2.13101
-10 | 13.040 6.5208 8.7704 23.5 78.093 -1.§7 1.5866.675B 1.6376 1.5380
-30 | -10.652| 6.7177§ 154762 -14.496 -9.0411 -1.9p1945821] 1.50964 1.39994 1.200P1
-50 | -8.3881] 6.97304 5.9254 -5.01B  -4.1493 -1.9p7429896| 1.2950) 1.0888B 0.756%5
B -0.5 -0.1 -0.3 -0.7 -0.9 -0.5 -0.5 -0.5 -0.9 -0.9
N 0.5 0.5 0.5 0.5 0.5 15 3.5 5 10 100

Table-7 Shaty=-1

G | 1l I [\ V VI VIl

10 | 99.4679] 10.085% -5.11 50.7541 27.4Q53 28.5623.37309
30 | 19.0754] 10.003? -5.314 55.3241 9.73%22 12.997449697
50 | 10.7041] 9.92547 -5.5175 65.03%9 5.52738 8.3p46.04533

-10 | -24.73 | 10.1723 -4.9291L -22.0313 -27.6/4 -109.4#0.66949
-30 [ -9.2471| 10.265| -4.746p -12.5527 -7.4845 -17.0433.0234
-50 | -4.7453| 10.3644 -4.571i -7.86091 -3.4094 -%54P6-23.4733
o 2 4 6 2 2 2 2
k 0.5 0.5 0.5 15 2.5 0.5 0.5
Q: 2 2 2 2 2 4 6

Table-8 Shaty=-1

G | Il I [\ | v VI VIl VIl IX X

10 | 99.4679| -14.9 -47.54 33.886 24.9448 8.56p21.87%| -8.28 | -7.78] -7.969
30 | 19.0754f -20. 92.020 12.4091 9.96p8  8.50p18 .361p -10.3 | -9.93] -10.56]
50 | 10.7041] -28.9 25.315 7.09221 4.94143 8.460636.331] -13.6 | -13.4 -15.18
-10 | -24.73 | -11.6f -17.153 -33.100 -38.338 8.63%24.148| -6.84| -6.34 -6.315
-30 | -9.2471] -9.28 -9.6197 -8.5016 -7.62B4 8.73(018.856| -5.788| -5.3] -5.17(
-50 | -4.7453| -7.54 -6.1424 -3.5873 -2.64P5 8.85¢75.848| -4.968| -4.54 -4.334B

B~ B4l Bl

B -0.5 -0.1 -0.3 -0.7 -0.9 -0.5 -0 -0 -0 -0f
Ny 0.5 05 0.5 0.5 05 15 35 5 14 104
CONCLUSION

The axial velocity enhances with increase in thengisal reaction parameter k. The secondary veldejtgnhances
with increase in X0.5 and depreciates with highex1k5. An increase in 40.5 leads to depreciation in the actual
temperature and again enhance with highx€r.% For 0.5, we find that the actual concentration enhamtéke
region and for higher30.7, it depreciates in the regions and for furthigher k0.9, it increase in the flow region.
an increase inKl..5, reduces |Nu| at=+1 and enhances gt-1 and for higher ¥2.5,we notice an enhancement in
[Nu| at both the walls. The variation of Sh withegtical reaction parameter k shows that higher tremical
reaction parameter k<1.5 smaller |Sh| with incréag&eg1.5 and for higher®2.5.

An increase in @results in an enhancement in |u| in the lower duadf reduces in the upper half of the channel. An
increase in Qleads to an enhancement in fvgnd C. An increase in{Nu| reduces g+1 and enhances gt= -1.

An increase in Qenhances the rate of mass transfey=tl in the heating case and in the cooling casedices at
both the walls.
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Higher the radioactive heat flux (Kl.5) larger the axial velocity and depreciates Hagher values of N-3.5.
Higher the radioactive heat fluxlargerthe secondaigcity. The actual temperature reduces withdase in N<1.5
and for higher N>3.5 an enhancement in the actual temperature. Gta@laconcentration reduces with increase in
N;<1.5 and enhances with; lih the range 38N;<5 and again reduces for still highet=l0. |Nu| reduces at=+1
with increase in N&3.5 and for higher N85,a reversed effect is noticed in the behavioNof | The variation of Sh
with radiation parameter N\shows that higher the radioactive heat fluxR®5) smaller Sh aj=1 and enhances at
n=-1 while a reversed effect is noticed for highd=h.

The axial velocity u exhibits a reversal flow iretantire flow region for every value of the secondary velocity |v|
enhances with increase inin the lower half of the channel and depreciatethe upper half of the channel. An
increase ir results in an enhancementfinAn increase ia (<4) reduces the actual concentration and for higher
0=6, an enhancement in C. |Nu| enhances with incri@aiee strength of the heart generating souccet)] and
reduces Nu with highex>6 atn=+1 for all G.Sh| reduces gt1 and enhances gt-1 with increase ina<4 and

for highera=6, it reduces ay=+1 for all G.

Larger|u|fo3<0.3 and smaller fof3[=0.5 in the lower half and in the upper half it redsi in the flow region. Higher
the constriction of the channel walls larger |V flow region. Larger the actual temperature(ff$i<0.7) and for
(IB|=0.9) smaller the actual temperature. The variatifoNu with 3 shows that higher the constriction of the channel
walls (B|<0.3) larger the rate of heat transfer and for frrthigher constrictiof3[=0.5,Nu reduces at both the walls.
Higher the constriction of the channel walB|<€0.3),the rate of mass transfer reduceg=t and enhances gt=-
1.For further highel3|=0.7.it enhances at=1 and reduces at=-1.
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