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ABSTRACT

In this paper, we discuss the effect of chemical reaction and radiation absorption on free connective heat and mass
transfer flow of a viscous electrically conducting fluid in a non-uniformly heated vertical channel .The walls are
maintained at non-uniform temperature and a uniform concentration is maintained on the walls. The coupled equations
governing the flow, heat and mass transfer have been solved by using a perturbation technique with the slope of the
boundary temperature as a perturbation parameter. The expression for the velocity, the temperature, concentration, the
rate of heat and mass transfer are derived and are analysed for different variations of the governing parameters
G,RM,q, Sc,Q1, aq, N, K, P and x.
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1. INTRODUCTION

It is evident that in forced or free convection flow in a channel (pipe) a secondary flow can be created either by
corrugating the boundaries or by maintaining non-uniform wall temperature. Such a secondary flow can be of interest
in a few technological processes. For example, in drawing optic glass fibers of extremely low loss and band width the
processes of modified chemical vapour deposition (MCVD) [4, 8] has been suggested in recent times. Performs from
which these fibers are drawn are made by passing a gaseous mixture into a fused-silica tube which is heated locally, by
an oxy-hydrogen flame particulate of So,-Geo, composition are formed from the mixture and collect on the interior of
the tube. Subsequently these are fined to form a vitreous deposit as the flame traversed along the tube. The deposition
is carried out in the radial direction through the secondary flow created due to non—uniform wall temperature.

The application of electromagnetic fields in controlling the heat transfer as in aerodynamic heating leads to the study of
magneto hydrodynamics heat transfer. The MHD heat transfer has gained significance owing to advancement of space
technology. The MHD heat transfer can be divided into sections. One contains problems in which the heating is an
incidental by product of the electromagnetic fields as in the MHD generators and pumps etc. and the second contains of
problems in which the primary use of electromagnetic fields is to control the heat transfer [11]. Ravindra Reddy [6] has
analyzed the effects of magnetic field on the combined heat and mass transfer in channels using finite element
techniques.

Ramakrishna Reddy [5] has analyzed the Soret effect on mixed convective Heat and mass transfer flow of an
electrically conducting fluid through a porous medium in a vertical channel. Vijayabhaskar Reddy [13] has studied the
heat and mass transfer in a vertical channel with non-uniform heated vertical walls. Chin Yong Cheng [1, 2] has studied
the convective heat and mass transfer flow through a porous medium with variable wall temperature and concentration.
Reddaiah et.al. [7] have discussed the effect of radiation on hydromagnetic convective heat transfer flow of a viscous
electrically conducting fluid in a non-uniformly heated vertical channel. Deepthi et.al [3] have discussed the effect of
chemical reaction on convective heat and mass transfer flow of a viscous fluid in a non-uniformly heated vertical
channel with heat generating sources. Umadevi et.al [12] has discussed the effect of chemical reaction on double-
diffusive flow in a non-uniformly heated vertical channel. Sudhakar et.al [10] has discussed the effect of thermo-
diffusion on convective heat and mass transfer flow in a non-uniformly heated vertical channel with chemical reaction
and heat sources. Recently Sree Ranga Vani [9] has discussed the combined influence of chemical reaction, dissipation
and radiation absorption on convective heat and mass transfer flow in a non-uniformly heated vertical channel.
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In this paper, we discuss the effect of chemical reaction and radiation absorption on free connective heat and mass
transfer flow of a viscous electrically conducting fluid in a non-uniformly heated vertical channel .The walls are
maintained at non-uniform temperature and a uniform concentration is maintained on the walls. The coupled equations
governing the flow, heat and mass transfer have been solved by using a perturbation technique with the slope of the
boundary temperature as a perturbation parameter. The expression for the velocity, the temperature, concentration, the
rate of heat and mass transfer are derived and are analysed for different variations of the governing parameters
G,R,M,q, Sc,Qq, a4y, N, K, P and x.
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Equation of diffusion
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Equation of state

p_pe=_ﬂpe(r_Te)_ﬂ*pe(C_Ce) (6)
where O, is the density of the fluid in the equilibrium state, T, C, are the temperature and concentration in the

equilibrium state,(u, v)are the velocity components along O(x, y) directions, p is the pressure, T, C are the temperature
and Concentration in the flow region, pis the density of the fluid, p is the constant coefficient of viscosity, C, is the
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specific heat at constant pressure, X is the coefficient of thermal conductivity, o is the electrically conductivity, e is the
magnetic permeability, B is the coefficient of thermal expansion, Q is the strength of the constant internal heat source,

ﬂ* is the volume expansion with mass fraction and D; is the molecular diffusivity, Q is the radiation absorption
coefficient, ¢~ is the mean absorption coefficient and Pr is the Stefan Boltzmann constant.

In the equilibrium state

op
0=—"T"%— 7
ox P9 (7

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

The flow is maintained by a constant volume flux for which a characteristic velocity is defined as
1

L
Q:Z:[udy. (8)

The boundary conditions for the velocity and temperature fields are
u=0,v=0, T-T, =y(X/L),C=C, ony=-L

u=0,v=0,T-T, =y(x/L),C=C, ony=L 9)
In view of the continuity equation we define the stream function y as
U=-yy, V=i (10)

Eliminating pressure p from equations (2) & (3) and using Rosseland approximation the equations governing the flow
in terms of y are

ou’H?\o°
[!//x (Viw), -, (VZV’)X} =Wy -pg(T-T,),-B*g(C-C,), —(—”; d ] ay"’zl (11)
27173 A2
p.C,| 00 _W 00 _ 4o —Q(r -T,)+QUC -C)+ o 1 O )
oy OX OXx oy 3P0 oy
(%Z—C—%—‘/’%jz D,V’C—k (C-C,) (13)
X X
Introducing the non-dimensional variables in (9) & (10) as
! ] ] T _Te ' C _CZ
X'=x/L,y'=y/lL,¥Y'=V¥/v,0= ,C'= (14)
AT C,-c,
the governing equations in the non-dimensional form (after dropping the dashes) are
2 2
r| 2W.VY) =v4y/+(EJ(9 +NC )—Mza—'f (15)
o(x,y) R’ Y oy
2 2
Rp[ .00 _v 001 _00 11, 2199 _40+QN,C (16)
oy OX Ox oy OX 3N, joy
Rec| W& _W X\ _gic_yc an
oy ox OXx oy
where
gL
R=— (Reynolds number)
14
3
G= A A}L (Grashof number)
14
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C
P= ﬂxl i (Prandtl number),
v (Schmidt Number)
Sc=—
D
LZ
o= (Heat source parameter)
L2
K= I:l) (Chemical Reaction Parameter)
1
304
N, = ﬂf . (Radiation Parameter)
4o T,
3N
N, = I S
3N, +4
P1=PN2, o = U.Nz
21122
ou H’L
M? = ﬂe—z" (Hartmann Number)
14
'(C,-C,)L?
Q, = M (Radiation absorption parameter)
Dl (T _Te)

The corresponding boundary conditions are

y() -y (=) =1

W _o NV _o aty=+ (18)
OX oy

0(x,y)=y(6x), C=1 on =-1

(x,y)=7(6x), C=0 on y=+1

9 _0,C o a y=0 (19)
a oy

The value of y on the boundary assumes the constant volumetric flow in consistent with the hypothesis (8). Also the
wall temperature varies in the axial direction in accordance with the prescribed arbitrary function t.

3. ANALYSIS OF THE FLOW

The main aim of the analysis is to discuss the perturbations created over a combined free and forced convection flow
due to non-uniform boundary temperature imposed on the boundaries. Introduce the transformation such that

X =X 2:53_

OX OX
Then
0 0
—=0(00) >—~=0(
OX (9) OX @

0
For small values of 6<<1, the flow develops slowly with axial gradient of order  and hence we take 6__ ~0()
X

Using the above transformation the equations (15-17) reduce to

oy, Viv) 2 0y
R(——5) =Viy - (—)(6’ +NC,)-M (20)
a(x,y) ' %
5F’1R[6W%—6—W%] 57N (a 96,09 9} a,0+QN,C 1)
oy ox  Ox dy o’ oy
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éScR(%g—i—aa—":%) =VXC-4C (22)
2 2
Vf = 2 aTz‘l‘a—z
ox® oy

We adopt the perturbation scheme and write

w(X,Y) =, (X, Y)+ 0w, (X, Y)+ 87w (X, Y) + o
O(X, Y)=6,(X%, ¥)+ S 0,(X, Y)+ 6% 0, (X, Y) + ovverrerrrrnn.

P(% V)=, (X, ) +00,(X, Y) + 67 0, (X, Y) + evreeeieinene (23)

On substituting (23) in (20) - (22) and separating the like powers of & the equations and respective conditions to the
zeroth order are

G
V/O,yyyy _Mlzl/lo,yy =E(90,y + NCO,y) (24)
eo,yy -0, =-QN,C, (25)
Co,yy -yC,=0 (26)
with
yo(+1)-¥(-1) =1,
Voy=0,yox=0 aty=+1 (27)
0 =y(X), C,=1 on =-1
0 7(_) 0 y (29)
6,=y(X), C,=0 on y=1
The first order are
G
l//l, yyyy _Mlzy/l, yy =E(‘gl,y +N Cl,y)+ R(V/U y V/O, Xyy _‘//0, X V/O,yyy ) (29)
91” —a b, =PR(wo,0,, —¥0o,06) —QN,C, (30)
CLW - 71 CO = SCR (l//O,xCo,y - WO,yCox) (31)
with
Ve - Y =0
Yiy=0,y iy =0aty =21 (32)
0;(x1)=0 C;(¥1)=0 aty=+1
The equations to the second order are
G
‘//2, yyyy - Mlzwz yy = _(HZy + N C2,y) + R(l//o,yyt + WO, X Wl, yyy
R (33)
+ Vi x l//o,yyy - V/oyl//l,xyy _Vll.yl/lo,xyy)
921,yy —a 02 = PlR (V/O,xel,y - Wo,yelx _l//l,yeo,x + V/l,xeo,y) - QlN 2C2 (34)
CZ,yy - 7/1C2 = ScR (lr//o,xcl,y _l/jo,yclx _lr//l,yco,x _H//l,xco,y) (35)
with
W ooe1)- W1y = 0
Vay=0,y,,=0aty=2l (36)
0,(x1)=0 C,(£1)=0 aty=+1 (37)

4. SOLUTION OF THE PROBLEM

Solving the equations (24) - (35) subject to the relevant boundary conditions we obtain

C.~05 (Ch(ﬂly) S (ﬁﬂy)j
Ch(3)  Sh()

© 2014, 1IMA. All Rights Reserved 58



C. Sulochana and Ramesh H.*/ Effect Of Thermal Radiation, Radiation Absorption on Double Diffusive Heat Transfer Flow of a
Viscous Chemically Reacting Fluid in a.../ IIMA- 5(9), Sept.-2014.

)Ch(ﬂzy)}
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Ch(fa) S+ B (YSNUAY) ~SUA) ) a3 ~DCh(AY)

+8,(y° ~1)Sh(AY)

0, =b,Ch(B,Y) + by Sh(B,y) + f,(Y)

f,(y) =b;,Ch(BYy) + bsSh(By) + b, ySh(By) + b yCh(A,Y)
+by ySh(,y) + by YCh(8,Y) + by, y°Ch(B,y) + b, y*Sh(4,y)
+0,,Ch(24,y) +b,,Sh(24,y) + b, Sh(B,Y) + bcSh(,Y)
+b,,Ch(B,Y) +b,,Ch(B,Y) + b, Ch(Bsy) + b, Ch(5;Y)
+b,,Ch(B,Y) +b,,Ch(B,Y) + b, Ch(Bsy) + b, Ch(5;Y)
+b,,Ch(B,Y) +b,,Ch(B,Y) + b, Ch(Bsy) + b, Ch(5;Y)

v, =Kg,Ch(M,y) +kg;Ch(M,y) + f,(y)

Fo(¥) = (Kay +k37)S(B,Y) + Kys + k0 )SN(B,Y) + KyeSh( 5, Y)
+KiSh(B,Y) +KigSh(B;Y) + KigSh(S;Y) + ksoSh(S,Y)

+ k51Sh(ﬂ8 Y) + kszsh(ﬂg y) + ksash(ﬁm Y) + k54Sh(ﬂ11 y)
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+KssSh(BY) + (Kss + K75 )Ch(B,Y) +kssCh(B,Y)

+ksoCh(B,Y) + ke Ch(B5Y) + K, Ch(B;Y) + Ks,Ch(5,Y)
+ksoCh(B,Y) + ke Ch(B5Y) + K, Ch(B;Y) + Ks,Ch(5,Y)
+ksoCh(B,Y) + ke Ch(B5Y) + K, Ch(B;Y) + Ks,Ch(5,Y)

+k,,Ch(2,y) +K,, YSh(B,y) + K, YSh(,Y) + k,s YCh(B.Y)
+K,5YCh(B,Y) + K, YCh(M,y) + kg, YCh(M,y) + kg, YCh(M, y)

+Kg3YSh(M, y) +Kg, YSh(M, y) + kg5 YSh(M ) + Ky YCh(2M, y)
+Kg7 YSN(2M, ) + Kgs Y2SN(M,Y) + Kgg Y2Ch(M, Y) + kg y?Sh(M, y) +Kkg, 2

5. NUSSELT NUMBER AND SHERWOOD NUMBER

The local rate of heat transfer coefficient (Nusselt number Nu) on the walls has been calculated using the formula

1 (aej
NU=——| —
O =0, \ Oy y=t1

The local rate of mass transfer coefficient (Sherwood Number Sh) on the walls has been calculated using the formula

sh=— % (@]
Cm - CW ay y:il

6. DISCUSSION OF THE RESULTS

In this analysis we discuss effect of chemical reaction and radiation absorption on the heat and mass transfer flow of
viscous, electrically conducting fluid in a non-uniformly heated vertical channel in the presence of heat generating
sources. We take the Prandtl number P = 0.71 and & = 0.01.

The axial velocity (u) is shown in figs. 1-3 for different values of Q;, oy and K. The variation of u with radiation
absorption parameter Q; shows that higher the radiation absorption larger |u| in the flow region [fig.1]. An increase in
the amplitude o, of the boundary temperature results in an enhancement in |u| [fig.2]. The variation of u with chemical
reaction parameter K shows that higher the chemical reaction parameter larger |u| in the entire flow region [fig.3].

The secondary velocity (v) which is due to the non-uniform boundary temperature is shown in figs.4-6 for different
parametric values. An increase in Q;<4 results in an enhancement in |v| and for higher Q;>6, we notice a depreciation in
lu] in the left half and enhancement in the right half of the channel [fig.4]. An increase in the amplitude o, of the
boundary temperature enhances |v| in the left half and depreciates in the right half of the channel [fig.5]. From fig.6 we
find that an increase in the chemical reaction parameter K<2.5 enhances |v| in the left half and depreciates in the right
half for higher K>3.5 we notice depreciation in |v| in the entire flow region.

The non-dimensional temperature (0) is shown in figs.7-9 for different parametric values. Actual temperature enhances
with increase in the radiation absorption parameter Q, [fig.7]. The variation of 6 with the amplitude o, shows that the
actual temperature enhances with increase in o;<0.5 for higher o;=0.7, it enhances in the left half and reduces in the
right half and for still higher a;=0.9, it reduces in the left half and enhances in the right half of the channel [fig.8]. With
respect to the chemical reaction parameter K we find that higher K results in a depreciation of the actual temperature

[fig. 9].

The non-dimensional concentration (C) is shows in figs.10-12 for different parametric values. An increase in Q; results
in an enhancement in C [fig.10]. The variation of C with o, shows that the actual concentration reduces with increase in
the amplitude oy of the boundary temperature in the entire flow region [fig.11]. From fig.12 we find a depreciation in
the concentration with chemical reaction parameter K.

The rate of heat transfer for (Nusselt number) at y = £1 is shown in tables 1&2 for different values of Q,, a; and K. An
increase in Q; enhances |Nu| at y = 1. The Nusselt number reduces at y=+1 and enhances at y=-1 in the degenerating
chemical reaction case. The variation of Nu with amplitude o, shows that [Nu| depreciates with a; < 0.5, and for a; >
0.7, we notice a depreciation in |Nu| for G>0 and enhancement for G<0 [tables 1&2].
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The rate of mass transfer Sherwood number (Sh) at y = +1 is shown in tables 3&4 for different parametric values. |Sh|
experiences an enhancement with increase in Q; at y = £1. |Sh| enhances at y=+1 in the degenerating chemical reaction
case. An increase in the amplitude o, of the boundary temperature reduces |[Sh| at y = 1 for G>0 and enhances for G<0.
Aty = -1[tables 3&4].
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Table-1: Nusselt Number (Nu) aty =1
G | I i v \Y VI Vil VI
10° -4.06419 -4.46413 -4.70162 -3.8791 -3.0675 -2.1391 -1.412 -1.02293
3x10°3 -4.02763 -4.10306 -3.98812 -4.0176 -3.8576 -2.1959 -1.477 -1.09265
-10°3 -4.20274 -4.96067 -5.62024 -4.1022 -4.0007 -2.2267 -1.447 -1.0303
-3x10°3 -4.16249 -5.27105 -6.31906 -4.1025 -3.8625 -2.1699 -1.382 -0.96033
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Annexure-I
Q| 2 | 4|6 |2 2 12|22
K|05[{05|05|15|25]05|05|05
a; [03]03(03/03|03|05(07|0.9
Table-2: Nusselt Number (Nu) aty = -1
G | I 11 v \% VI VI VIl
10° 0.37615 0.81601 1.1675 0.56125 | 0.65282 0.12517 -0.0038 -0.0727
3x10° 0.45602 1.22009 1.92107 0.50602 | 0.55602 0.12902 0.0006 -0.06794
-10° 0.19441 0.27635 0.20861 0.22441 | 0.29441 | -0.02306 | -0.1088 | -0.15473
-3x10° | 0.19157 | -0.07724 | -0.53065 | 0.25157 | 0.39157 | -0.02696 | -0.1133 | -0.15961
Annexure-I1
Q| 2 | 4|6 |2 2 12|22
K|05[05|05|15|25]05]05|05
@ [03]03(03|03|03|05|07|0.9
Table-3: Sherwood Number (Sh) aty =1
G I 1 "l v \% VI VII VIII
10° -0.76622 -1.231 -1.7417 -0.8622 -0.96622 -0.71233 -0.65881 -0.60594
3x10° -1.53198 | -3.34605 -5.906 -1.63198 | -1.73198 -1.34623 -1.16662 -0.99284
-10° -0.10614 0.26399 0.60553 | -0.12614 | -0.16614 | -0.15366 -0.20165 -0.25012
-3%x10° 0.46873 1.37673 2.11199 0.56873 0.66873 0.3422 0.21208 0.07823
Annexure-II1
Q| 2| 4|6 |2 2 12|22
K|]05[05|05|15|25|05|05|05
a {03]03(03/03|03|05]0.7|0.9
Table-4: Sherwood Number (Sh) aty = -1
G | I 1l v \% VI VI VIII
10° 1.8274 -1.29367 -3.46119 1.8674 1.9274 2.27405 2.74498 3.24222
3x10° -2.86054 -6.97884 -9.07085 -2.89054 -2.96054 -2.12691 -1.29935 -0.35859
-10° 11.84909 26.25149 72.74061 11.94909 12.04909 10.80342 9.836 8.93836
-3%x10° 48.31897 -61.009 -32.25996 48.61897 49.11897 34.40192 25.49673 19.30916
Annexure-1V
Q| 2| 4|6 |2 2 12|22
K|05[{05|05|15|25]05|05|05
a; [03]03(03/03|03|{05(07|0.9
7. CONCLUSION
The following conclusions are made in this analysis:
e Higher the radiation absorption enhances the axial velocity in the flow region.
e Axial velocity increases when the vertical channel heated non-uniformly.
o Higher the chemical reaction parameter larger is the velocity in the entire flow region.
e Actual temperature enhances with increase in the radiation absorption parameter.
o Higher the chemical reaction parameter lower is the actual temperature.
e The actual concentration reduces with increase in the boundary temperature.
e The concentration reduces with the chemical reaction parameter.
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