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ABSTRACT

Unsteady flow of an electrically conducting viscous incompressible fluid with small electrical conductivity and
electromagnetic force in a horizontal channel under the influence of constant head flux is investigated.
Approximate solutions for the velocity and temperature fields as well as heat transfer co-efficient have been
derived. Results obtained are discussed with the help of graphs and tables.

Key words: MHD flow, heat transfer, horizontal channel, magnéeld, constant heat flux

INTRODUCTION

Radiative heat transfer flow is very important iamafacturing industries, nuclear power plants, tgasines and
various propulsion devices for aircrafts, missileatellites and space vehicles. In the light ofs¢hearious
applications Soundalgekar and Takhar [1] Studieliatave free convective flow past a semi-infinitertical plate.
Hossain and Takhar [2] analyzed the effect of r@aiaon mixed convection along a vertical platehwitniform
plate temperature. Raptis and Perdikis [3] analythedeffect of thermal radiation and free convetfiow past a
moving plate.

In many industrial applications, it is found thatiafinite vertical plate oscillating in its ownaie receives heat at
constant rate and hence this study was presentégbbgdalgekar and Patil [4] for ordinary fluid. Hewer, in
many applications, such as in nuclear engineetting, presence of applied transverse magnetic fitdgispan
important role. Hence Soundalgekar [5] studied éffect of transversely applied uniform magnetiddien the
flow past an infinite vertical oscillating isotheairplate. Soundalgekar et al [6] studied the eff@ftconstant heat
flux on the flow of an electrically conducting ftliunder transversely applied uniform magnetic fiplbt an
infinite vertical plate oscillating in its own planFree convection effects on flow past an impelsistarted semi-
infinite inclined plate with constant heat flux wsisidied by Ganeshan et al [7]. Natural convecfiow past an
impulsively started vertical plate with variableahdlux was discussed by Muthukumarswami [8]. Cheurgl and
Gupta [9] analyzed the unsteady mixed convectiveDMldw past a vertical porous oscillating plate lwitariable
suction and constant heat flux.

During the past few decades the study of MHD fldwas stimulated considerable interest due to itficgins in
cosmic fluid dynamics, meteorology, Solar physiod & the motion of Earth’s core as studied by Graand pai
[10]. In a broad sense, MHD flows have applicationsthree different subject areas such as Astrophys
Geophysics and Engineering problems. In the lighhese applications, MHD flows in a channel hasrbstudied
by many authors. Some of them are Nigam and Sifh@h Soundalgekar and Bhat [12], Vajravelu [13] &tta
and Kotb [14]. Bodosa and Borkakati [15] studie@ MHD flow and heat transfer of a visco-elasticdlpast
between two horizontal plates with heat sourceimkss Chaudhary et al [16] have studied the Ohnssidation
effect on unsteady flow of a viscous, incompressidoid electrically conducting fluid through a chalnfilled with
porous medium under the influence of transversenmig field and heat source. Deka and Deka [17]ehav
investigated the heat transfer characteristicswa$eous incompressible and electrically conducflogl through a
horizontal channel bounded by two long verticalgtlat porous plates at constant temperature ingoies of heat
source, suction and a uniform transverse magnietit. f

The purpose of this investigation is to study teatttransfer effects on flow of an electrically danting viscous
incompressible fluid with small electrical condwity and electromagnetic force in a horizontal aglrunder the
influence of constant heat flux.
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MATHEMATICAL ANALYSIS

We consider the unsteady flow of an electricallyaacting viscous incompressible fluid in a charm@linded by
two long vertical parallel plates. The x-axis ikda along the vertical plate (placed at y=0) inticafly upward
direction and the y-axis is taken normal to it.ransverse magnetic field of uniform strengthi®applied along the
y-axis. Also the whole system is kept under thiuarice of constant heat flux.

It is assumed that the fluid has small electricaiductivity and the electromagnetic force produisedery small.
Then under Boussinesq’s incompressible fluid mathel flow can be shown to be governed by the egusti
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Here u is the fluid velocity in the x-directiorthie time, T the fluid temperature, P the pressyrethe fluid density,

O, the electrical conductivity of the fluid, (B (= ,ueHo) the electromagnetic inductiony/, the magnetic

permeability, H the intensity of the magnetic field, K the therrnahductivity, g the constant surface heat flux, Cp
the specific heat at constant pressurgaid T, are the wall temperatures, a the width of the nkhand Q the
volumetric rate of heat generation.

Now let us introduce the following non-dimensiogahntities:
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Putting these in equations (1), (2) and (3) wetlgetfollowing dimensionless governing equations:
du_ 9P 0. @
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The corresponding boundary conditions in non-dirzerad form are
do
u=0, —=-1 on =0
dy Y (6)
u=0, 6=1 on y=1

In order to solve equations (4) and (5) followitghpudhary et al, 2006] let

oP i i i
T - MUY = U (e, B(y. 1) =0, (e
where A is constant andx is the frequency of oscillation.
Then
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RESULTSAND DISCUSSION

In order to have physical insight into the problemamerical values of u ar@ have been computed for differe
values of Prq, t, w, M, A and E, and these are plotted on graphs from Rig.Flg. 9

Fig. 1 is the velocity profiles for different vakef M (M= .1, .2,.4,.5,.8,1.0,2.lw=1, A=1, t=.2). From this figure
we observe that transient fluid velocity increagéth an increase ithe values of Hartmann number M. It is a

observed that fluid velocity profile is parabolidgthv maximum magnitude along the channel centre hnel

minimum at walls.

Fig. 2 represents the velocity profiles for diffetr@alues ofw, A and t o=1, A=1,t=.2; w=1, A=1, t=.4; =1, A\=1,
t=1; w=2, A=1, t=.2;w=10,A=1, t=.2; w=1, A=2, t=.2; M=1). From this figure we see that fluidlocity increase
with increasing values ab andA; but decreases with increasing values

Fig. 3 to Fig. 9 are graphicaépresentations of the temperature profiles fofediht values of the paramet:
involved.Fig. 3 is the temperature profiles for differentues of Pr (Pr=.71,1,2,7,9,la=1,w=1,M=1A =
1,t=.2, E=.01). Itis noted from Fig.3 tifluid temperature decreases for increasing valfilseoPrandtl numbe
Pr. Fig.3also shows that temperature profile plummets figdavalues of P

Fig. 4 represents the temperature profiles foredéfiit values of n-dimensional heat generation pmeter a (a
=0,.1,1,2,5;Pr=.719=1,M=1A=1,t=.2, E =.01). From this figure it is sebat temperature decrea:
due to an increase in the valuesaf

Fig. 5 is the temperature profiles for differentues of M (M=0, .1, 1, 1.5, ;Pr=.71a =1, w=1,t=.2, E=.01).

From this figure we observe that temperature dseeahen the values of the Hartmann number M isesedBu!
this change in temperature is very |

Fig. 6 is the graphic representation of temperatuoéile for different values ofo (=1, 2, 3,5, 10 ; Pr=.7a =1,
M=1,t=.2, E=.01) Itis seen from this figuhat temperature decreases for increasing valu«o.
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Fig. 1 Vdocity Profilesfor different M (w=1, A=1, t=.2) Fig. 2 Velocity Profilesfor differentw,A, t (M= 1)
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1-4

Fig. 3 Temperature profilesfor different values of Pr Fig. 5 Temperature profilesfor different values of M
(0=1,w=1,M=1,A=1t=02,E=.01) (Pr=7L,a0=1w=1t=.2,E=.01)

Fig. 4 Temperatureprofilesfor different a Fig. 6 Temperatureprofilefor different valuesof @
(Pr=7l,w=1L,M=1,A=1t=2E=.01) (Pr=7La=1,M=1,t=.2,E=.01)

Fig. 7 represents the temperature profiles foed#fit values cA A=1,2,3,4;Pe.7l,a=1,w=1,M=1,t= .2,
E =.01). From this figure we observe that fluichperature slowly increases for increasing valueA .

Fig. 8 represents the temperature profiles foeddfit values of t (t=0, .2, .4, .8, 1.0 ; Pr=a= 1, w=1, M=1,A=1,
E =.01). Fig. 8 shows that fluid temperature grdlghudecreases for increasing values of t. Howeté thange i
temperature is very low.

Fig. 9 is the temperature profiles for differentues of E (E = 0, .01, .1, 1.10.0;Pr=.71,0=1, w=1, M=1,A=1,
t=.2). This figure shows that fluid temperatureylstly increases for increasing values of E. Howenethis case
too, this chage in temperature is very Ic
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Fig. 7 Temperature profilesfor different valuesof A Fig. 8 Temperature profilesfor different valuesof t
(Pr=71,a=1,w=1,M=1,t=.2,E=.01) (Pr=71,0=1, =1, M=1,A=1, E =.01)
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Fig. 9 Temperatureprofilesfor different valuesof E (Pr=.71, a=1, w=1, M=1, A=1, t=.2)
HEAT TRANSFER COEFFICIENT
Having known the velocity and temperature field, mev study the heat transfer-efficient (Nusselt Numbe:

which is given by

=96 e =2A€e“-1
ay v

where A =¢e“ + @“EP M+M_22klk2m2 _M_Z 2k,k,m,
° m>+4m;  m: m’+m’ m2 m’+4m>

Nu =-—
oy

y=0

We have computed the numerical values of Nu fdiedsht values of Pia, w, M, t and E (takinA=1) and these
are listed in the following table.

From this table it is observed that heat transfeefficient increases with an increase in the heategatior
parameten or time t or the Eckert number E; but decreaseswiteor M orwincrease:

CONCLUSIONS

The results of this paper may siemmarized as follow

* Fluid velocity increases when M wor A increases, but decreases when t increases.

* Fluid temperature increases when EA increases, but decreases when Rr or M or « or t increases.
* Heat transfer cefficient increases whea or t or E increases, but decreases when Pr or Mase:
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Table-1 Valuesof Nu (A=1)

Pr a M w T E Nu
71 1 1 1 2 01 10058121
71 1 5 1 2 01 10052410
71 1 1 1 2 01 10049132
71 1 1 1 2 1 10493116
71 1 1 1 2 10 14933122
71 1 2 1 2 01 10026356
71 0 1 1 2 01 ‘9965681
71 1 1 1 2 01 10032943
71 2 1 1 2 01 10056274
7 1 1 1 2 01 10000453
10 1 1 1 2 01 10000431
20 1 1 1 2 01 10000276
71 1 2 1 2 01 10025173
71 1 1 2 2 01 ‘9981622
71 1 1 2 2 01 10002825
71 1 1 5 2 01 ‘9990203
71 1 2 1 2 1 10251393
71 1 2 1 2 10 12713524
71 1 2 1 10 10 14913117
71 1 1 1 k0] 01 10052251
71 1 1 1 k0] 10 15240391
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