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ABSTRACT

In this chapter, we discuss the radiation effect on the unsteady MHD convection flow through a non-uniform
horizontal channel. The unsteadiness is due to the imposed oscillatory flux on the convection flow through the non-
uniform channel. The perturbation analysis is carried out with the dope of the boundary as the perturbation
parameter. The velocity and temperature profiles were plotted and their behavior is discussed in detail. The Stress
and the average Nusselt number are also calculated and tabulated for these sets of parameters.
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INTRODUCTION

Unsteady convection flows play an important role aarospace technology, turbo-machinery and chemical
Engineering. Such flows arise due to either umsteaotion of boundary or boundary temperature. teldiness
may also be due to oscillatory free stream velooityemperature. These oscillatory free conveclivers are
important from technological point of view. Nanalad Sharma [1, 2] have discussed the unsteadygdmesctive
flow past a semi-infinite plate with oscillatory véemperature and shown the existence of simifasiblution.
Later Soundalgekar and Pop [3] have solved thiblpro using momentum-integral method. Kelleher ¥adg [4]
have studied different aspects of this problem.eyTbbtained similar solutions of the laminar fremnwection
boundary layer equations for the inner and therosteeady flow along a vertical heated plate wheseperature
oscillates, when the mean surface temperature svargée power ‘n’ of distance from the leading edgéhe
corresponding semi-infinite horizontal plate whosmperature oscillates about a constant mean lessbedied by
Muhuri and Maity [5] and Mital [6]. Merkin [7] andeytonian [8] have also analyzed free convectidects on an
infinite horizontal cylinder, when its temperatuwscillates harmonically with time. Recently two plems on free
convection have been solved by Pop [9, 10]. Muband Maity [5] have considered the free convecflow and
heat transfer along a semi-infinite horizontal @lathen plate temperature oscillates about a canstean. Verma
and Singh [11] have analysed the free convectiow fhlong a horizontal plate oscillatory in its oplane. The
effects of surface temperature oscillations onskir friction and the heat transfer from a surfaxéhe surrounding
flow is of special interest to the heat transfegireering. The effect of plate temperature oddilles on free
convection flow along the semi-infinite horizontahte has been considered by Sharma and Mishrabgsd on
Lighthill's technique and the steady state solwiarere obtained using Karman-Poulhasen method.

Vajravelu and Nayfeh [13] have investigated théuierfice of the wall wavyness on friction and pressinop of the
generalized couette flow. Vajravelu and Sastry] Have analysed the free convective heat transfer viscous,
incompressible fluid confined between long vertisalvy wall and a parallel flat wall in the presemdea constant
heat source. Later Vajravelu and Debnath [15] hextended this study to convective flow in a veittivavy
channel in four different geometrical configurason

1231
Pelagia Research Library



K. Jayarami Reddy et al Adv. Appl. Sci. Res., 2012, 3(3):1231-1238

2. Formulation of the problem

We consider the unsteady motion of a viscous, irnpessible electrically conducting fluid through arqgus
medium in a horizontal channel bounded by wavy svallthe presence of a constant heat source /gnlniform
magnetic field of strength ‘Ho’ is applied normal the walls. The Boussinesq approximation is usethat the
density variation will be considered only in theogancy force. The viscous, Darcy and Ohmic digspa are
neglected in comparison to the flow by conduction @onvection . Also the kinematic viscosity the thermal
conducting k are treated as constants. We choosgtangular Cartesian system O (x ,y) with x-axithe direction
of motion and y-axis in the vertical direction atte walls are taken at y=+Lf(dx/L), where 2L is the distance
between the walls, f is a twice differentiable ftioe andd is a small parameter proportional to the boundéope.
A linear density temperature variation is assumét p. and T are the density and temperature in the equilibrium
state. The flow is maintained by an oscillatoryuwrok flux rate for which a characteristic velocaydiefined as

qL+ke®) = (= )j udy 21

-Lf
The equations governing the unsteady magneto Hydemmic flow and heat transfer in Cartesian coatdirsystem
0O(x,y,2), in the absence of any input electricdfiate

Equation of continuity
—+—=0 (2.2

Equation of linear momentum

e R e ST =
pe(%wg —)——6—5 (372\2'+372\2')—pg 24
Equation of energy

pey Gl il =aG et DM
Equation of state

P~ P ==Bp.(T-T,) 2.6

where ‘Q,’ is the density of the fluid in the equilibriumast, ‘T’ is the temperature and in the equilibrium state,

(u,v) are the velocity components along O(x,y) cii@ns, ‘p’ is the pressure, ‘T’ is the temperatimethe flow
region, p’ is the density of the fluid |t is the constant coefficient of viscosity,

In the equilibrium state

0
0=-P_p g 2.9
oX

Where p = p, + Py, Pp being the hydrodynamic pressure and in this stete¢emperature gradient balances the
heat flux generated by source Q.

The boundary conditions for the velocity and terapse fields are

u=0,v=0,T =T,(#7) on y=-Lfex/L)
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u=0,v=0,T =T,(/7)ony =L f@x/L) 2.8
Invoking Rosseland approximation (Brewester(laj}tie radiative flux we get
_ 4o o(T'Y
= 29
3B oy

expandingT'4 in Taylor series aboutsland neglecting higher order terms (19a),

T' =411 -31} (2.10

In view of the continuity equatior2(3) we define the stream functianas
0 0

u= _l// , V= —_w Z]_]_)
ay 0X

Eliminating pressure p from equatior’s3) & (2.4) and usingZ.11) the equations
governing the flow in terms aff are

o 2H2 62
(O9)+9,09), =0, () ) =y + BT -Ty), ~(FeZ) T8 e
3.0 72
PLCy I OV OT 0D Ty - g+ Qe 0T (213
ot 9y ox o0x oy 36, oy
Introducing the non-dimensional variables2n12 & (2.13 as
X =x/L, y’:y/L,t'=th,l4J’:l4J/qL,6?=T_Te
T, T 2014

The corresponding boundary conditions

YD) - (-1 = @+ ke'™)

a_l//:o' 6_(//:0 ,@:Tl_Te:h'Qy ony =—f ()
0X oy T, -T,
a_"”: , 6_(//20 6=1 ony = f ()
ox ay
% =0, at y=0 .15
ay
Where
_qL
=— (the Reynolds number)
14
_ 3
G= AT, zTe)L (the Grashof number)
14
C
P= i (the Prandtl number)
Ky
_Qu
a = K (the Heat source parameter)
40T} -
N = (the radiation parameter)
Brk,
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3. Solution of the problem
Introduce the transformation such that

X = X , i:di_
ox 0X

Then

0 0

x ~0(9) - &'*0(1)

0
For small values of<<1 the flow develops slowly with axial gradientarflerd and hence we take;~ 0Q.
X

We adopt the perturbation scheme and write

WX y) =, +ke" @, ) + o, +ke"P)+-—————-

O(x,y)=(8, +ke"8,)+ (6, +ke"G)+-——————-

The corresponding boundary conditions are

6,(+)=0  6(-)=0
YL+ -y (-1 = 0,4, (1) = 0., (1) = 0

6,(x1) =0,

g.(+)-¢,(-1) =0, Wl,,, (D) =0, /29 (D) =0

The local rate of heat transfer coefficient (Nussamber Nu) on the walls has been calculated usiegormula
1 06
Nu = (_)r/:+1
f(6,-6,) dy "

where
1
6,, = 05[ 6 dy
-1
and the corresponding expressions are
DISCUSSION OF THE NUMERICAL RESULTS

The primary aim of our analysis is to investigdie tadiation effect on the behavior of the tempeeinduced
buoyancy force taking in to account the effectwface geometry and wall temperature ratio. Therfls analysed
for different sets of the parameters G,R3M,y and N governing the flow. It should be noted that tl@nwfis

basically asymmetric due to distinct surface terapges. For computation purpose we assume thedaoies to be

y=xf(X) =20+ ,Be_xiz) and >0 corresponds to dilated channel gixD corresponds to constricted
y

channel. The transformation] = ﬁ reduce the boundaries tg£1. We confine our attention to dilated
X

channel. The non-uniformity in the boundary givese to the secondary transverse flow and henceéneral

pattern of the flow can be judged by the behavibthe Ressultant of primary and secondary velaiti€lhe

computation of the individual velocity componentsuld enable us to investigate the effect of eactlyliorce

acting on the flow and its related influence onphienary and secondary flows.
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Fig [1] Variation of u with G

R=35, M=2,0=2, $=0.5, N=4, x=r/4, t=n/4
I I 1l v \Y VI
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Fig [2] Variation of u with R
G=5x10%, M=2, a=2, p=0.5, Ni=4, x=n/4, t=n/4
I Il 1
R 35 70 140

1235
Pelagia Research Library



K. Jayarami Reddy et al Adv. Appl. Sci. Res., 2012, 3(3):1231-1238

-1.0 -0.5 0.0 0.5 1.0

Fig [3] Variation of u with M
G=5x10, R=35,a=2, p=0.5, Ni=4, x=n/4, t=n/4
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Fig [4] Variation of u with a
G=10%, R=35,M=2,p=0.5, N=4, x=n/4, t=n/4
I Il m v v VI
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Fig [5] Variation of u with
G=5x10, R=35, M=2¢=2, N\=4, x=r/4, t=n/4
I I " v
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As in the case of resultant flow the primary velpdi is positive, for all G>0. In the case of cogliof the channel
walls we find that the velocity changes from pesitio negative near the lower boundasyl there by exhibiting a
reversal flow for |G|=19) and for higher values of |G| we notice the realefisw in the entire flow region. This
region enlarges with increase in |G|(<0) with maximoccurring ah=-0.4. For G>0 the maximum of u occurs at
n=0.6 and this point of maximum velocity drifts toxda the mid region for higher>@0® (fig. (1)).

Fig. [2], shows the variation of ‘u’ with Reynoldsimber R. It is found that for a smaller valueRaf35 there is no
reversal flow, but for higher R=70 the reversaluwsdn the midregion and for still higher valuesRyfthe reversal
flow appears in the entire flow region. |u| redue@h R<70 and enhances for higher RI0.

Fig. [3], indicates that the reversal flow occurgtie entire flow region for higher values ofband this enlarges
with increase in M. The variation of ‘u’ with that source/sink parameter is exhibited in fig.[4]is noticed that
for >0 there is no reversal flow any where in the fleégion while fora<O we notice reversal flow in the entire
flow region and this enlarges with increaseni(<0).

The influence of surface geometry on the flow plmeana is exhibited in fig.[5]. The reversal flow iath appears
in entire flow region foB=0.3, disappears for highfx0.6 and reappears in the fluid region, fe0.9. Higher the
dilation of the channel walls larger the magnitode.
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