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ABSTRACT

An attempt is made to investigate the hydromagmeticlayered fluid flow driven by a constant pregsgradient

in a horizontal channel under the action of unifostnong magnetic field in the slip-flow regime. &d form
solutions for the velocity and temperature disttibas in the two regions are obtained by assumireg the fluids
in the two regions are incompressible, immiscibie &lectrically conducting. Further, the two fluidee assumed
to have different viscosities, electrical and thakrmonductivities. The transport properties of ttweo fluids are

taken to be constant and the bounding walls arentaaied at constant and equal temperatures. Thélesoare

plotted after obtaining the numerical values foffelient sets of values of the governing parametersived and
discussed in detail by analyzing these parametech sis, slip parameter, porous parameter, Hartmanmber,

ratio’s of the viscosities, heights, electrical athérmal conductivities.

Keywords. MHD, Immiscible fluids/Two-layered fluid flows, giflow, porous boundaries

INTRODUCTION

The problem of hydromagnetic two-layered fluid/tploase flows in channels has been attracted by aever
investigators due to their numerous applicationsdience, engineering and various power generatidgstries:
such as MHD generators, nuclear reactors, geothemeagy extractions and many such applications. qiestions
pertaining to nuclear-reactor safety have led teisinfor an understanding of the detailed phaseHoligion
mechanisms involved in two-phase flows. Transpmmaand extraction of the products of oil are othbrious
applications using a two-phase system to obtaimeased flow rates in an electromagnetic pump fromn t
possibility of reducing the power required to purop in a pipe line by suitable addition of waterOJ2
Consequently, extensive publications on experimiemtd theoretical aspects of the two-phase flowesgs with or
without considering the heat transfer problem®oaased with MHD generators, as the generator oblanare
significantly influenced by the presence of magnéigld have been appeared in the literature duthre past
several decades due to the pioneer researctswbike various investigators notably, ShercBfi], Alad’Yev et

al [1], Thatcher [24], Postlethwaite and Sluyte#][IMichiyoshi [11-12], Dobran [6]In [8], Lohrasbi and Sahai
have studied the MHD heat transfer aspects inphese flow with the fluid in one phase being eleatly
conducting. Malashetty and Leela [9] carried otheoretical study on magnetohydrodynamic heasfearin two-
fluid flow in case of short circuit type. Subseqtignin [10] these authors have analyzed the problef
magnetohydrodynamic heat transfer in two-phase tigvassuming that the fluids in both regions aezteically
conducting for the open circuit case. However,ube of liquid metals as heat transfer agents anoaking fluid

in a rotating MHD power generator and nuclear m@atg#chnology has created a growing interest inbisgaviour

of liquid metal flows, and in particular the natwfeinteraction with magnetic field. Recently, Rgnd Murty [15]
studied magnetohydrodynamic two-phase flow and Hemtsfer in a rotating system. Umavathi et.al [26]
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investigated oscillatory Hartmann two-fluid flowdheat transfer in a horizontal channel, and Tshiym®ue and
Schu-Ichiro Inutsuka [25] studied two-fluid magriegdrodynamic simulations of converging Hi flows the
interstellar medium. Raju and Sreedhar [16] hauelistl usteady two-fluid flow and heat transfer ohducting
fluids in channels under transverse magnetic field.

In most of the above mentioned studies, the ingegirs have considered the no-slip conditions atbiwundary
walls. But, in the slip flow regime, the fluid flogtill behaves the Navier-Stokes equation (Navi8R7, Street,[22]
and Dauvis, [5]). Keeping in view of this fact, teeare some investigations on the slip flow regiwigch are readily
available in the literature due to the works of s&st [2], Schaaf and Chambre [19], Lance and RJggrStreet

[22], Sastry and Bhadram [18], Tamada and Murdi,[Bhatt and Sacheti [3], Michael et al. [13], @Heet al. [4]

and many more. But research articles on magnetoldydamic two-phase/two fluid slip flows are veryelg found

in the literature. Recently, Raju et al. [17] skdlimagnetohydrodynamic two-layered fluid slip-flbaetween two
parallel walls, in view of the fact that, there mag the cases where partial slip does occur omwtiks. These
situations may include rarefied gas flows, rougiparous walls. In these situations, the usual ipesindition may
be replaced by the partial slip condition at thermaries. Also, the flow is supposed to undergppstig at the
walls with velocity proportional to the shear stré¢lsere. And so far, no attempt has been madhisstudy as far
as the author’s knowledge is concerned as it idemtiin the available literature. Owing to thesedgs and many
other applications, an investigation on hydromaignétvo-layered fluid flow system of an incompressib
electrically conducting fluid with different progas in a horizontal channel bounded by two insudatwalls

accounting for wall porosity is carried out in tigaper by introducing the slip boundary conditiam$oth walls.

This type of studies is expected to be useful exdavelopment of high altitude flights, space sogeand in nuclear
fusion research etc. Also, these studies are liteelye useful to carry out experiments to produnegr on a large
scale in stationary plants with large magneticdelsuch as in the design of MHD generators, MHDymi and
flow meters etc.

So in this paper, the hydromagnetic two-layereidfflow driven by a constant pressure gradient inoaizontal
channel bounded by two parallel porous walls urideraction of a uniform strong magnetic field i tlip flow
regime is studied. Closed form solutions for thioeidy and temperature distributions in the twadluegions are
obtained by assuming that the fluids in the twdaeg are incompressible, immiscible and electycatinducting.
Further, the two fluids are assumed to have diffevéscosities, thermal and electrical conduct@sti The transport
properties of the two fluids are taken to be camstad the bounding walls are maintained at cohstad equal
temperatures. The profiles are plotted after obigirthe numerical values for different sets of easluof the
governing parameters involved such as, porous pateamslip parameter, magnetic parameter, the ratio
viscosities, ratio of electrical conductivitiestioaof thermal conductivities and the height raiso it is discussed
the behavior of the flow and temperature distriwsi by analyzing these parameters. The resultsadddVietty and
Leela [10] have been recovered, when

A =0 (that is, no-slip at the boundaries).

The paper is organized as follows: The introduci® given in section 1. The formulation of thewlg@roblem
accounting for wall porosity, mathematical analysisequations of motion, energy and the boundandiions are
presented in section 2. Section 3 deals with thatisns of the problem for velocity and temperatdistributions.
In section 4, the discussion of the results isgmied in detail from the graphs which are showfigiares 2 to 15.

2. Mathematical analysisfor equations of motion, energy and the boundary conditions
A steady magnetohydrodynamic two-phase flow drilsgra common pressure gradie(ntap/ax) in a horizontal

channel with parallel porous walls at y——hl and y :—h2 , Which are infinite in extent along x- and z-directs

subject to the uniform suction, applied normal to both walls is considered. Figepicts the flow model and co-
ordinate system. It is assumed that, the regions 0<y < h; and -h< y < 0 are occupied by two different
immiscible, incompressible fluids with differentseosities, electrical and thermal conductivitiebe Ttransport
properties of the two fluids are considered as teonisand the bounding walls are maintained at emstnd equal
temperatures J. It is also assumed that the induced magnetid fekmall when compared with the applied field,
so that it is negligible. With these assumptiond aonditions, the resulting governing equationsnation, energy
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and the corresponding boundary and interface dondiin non-dimensional form in the two fluid reggare given
as:

Region-|
2
duzl+P—82(Re+ul)=—/ld”1 (1)
dy dy
2 2
d 621+/]d81+ du]_ +SZ(Re+L&)2=O (2)
dy dy dy
Region-11
2
d Y. 4 Ph?g —ao h?S?(R + w)= - 4 LYz @)
dy dy
d?e, d6, g ( du,)’
+ 2 + | —2 | + Boh?S? + =0 4
" 3y a[dyJ A (R + w) @
The slip boundary conditions on velocity are
d
u,(1)=-r dul aty=1 ®)
u, (1) =1 L2 yog (6)
And the interface conditions on velocity are
w(©0) = u,(0) aty=0 7
d_U:L :i%’ at y:O (8)
dy ah dy
The slip boundary conditions on temperature are:
dé
6.(1)=-T L t y=1 9
(1) dy at 'y (9)
6,(-1)=T dd92 at y= -1 (10)
and interface conditions on temperature are:
6,(0)=6,(0) aty =0 (11)
dg, 1 de,
= aty =0 (12)
dy (Gh dy

In making these equations dimensionless, Weallseh (i=1,2), u, Gl/hlz and yGﬁ/Kl the
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scales for velocities, distance, pressure and temtyre respectively. S ( the magnetic parameterBqs=

hl(Jl//.ll)]/z, a (ratio of viscosities) :&, O (ratio of electrical conductivities) @, [ (ratio of thermal
2 g’

conductivities) =K. R, (electric load parameter) EZ/Boal , h(ratio of the heights) & Moreover, to
K,'
obtain the above dimensionless quantities, we his@on-dimensional paramet&fsuction number) :hVO/V, in

addition to the quantities, as already defined ab&urther, the equs. (5) and (6) representlthegnditions on

velocities at upper and lower walls respectivétg conditions (7 - 8) represent the continuityetocity and shear
stress at the interface y = 0. The Conditions 19)- represent the slip conditions on temperaatitgoth the walls
y=1andy=-1. Conditions (11 - 12) represéet tontinuity of temperature and heat flux at titerface y = 0.

The equations (1) to (4) are in linear form, whick to be solved subject to the boundary and exter€onditions as
stated at equations (5) to (12).

3. SOLUTIONSOF THE PROBLEM

Exact solutions of the governing linear differahtequations (1) and (3) using the boundary andrfate
conditions (5) to (8) for the velocity distributi® such asjand uyrespectively in the two fluid regions are
obtained as:

a-A y _(a+ 1 y M
u,(y)=cye ? tc,e 2 - o (13)
b-A b+ A
)Y = ( )Y N
- 2 2 - _ (14)
u C, € c, e
2 (¥) = ¢ 4 S2h20a

Further, we solve the non-dimensional energyaggns (2) and (4) subject the boundary and faterconditions
(9) to (12) for temperature distributions in tle fluid regions, by making use of the soluti¢h8) and (14), as
already obtained for ;and y. Hence, the solutions for temperature distribigi6nand, in the two fluid

regions are obtained as:
(@A) ja+/l)y

4= %+C6e/ly+ﬂy+i (2 yﬁ?%) gDy 4 g yﬂf e2 7 4a_2_€;2 5

(_) =(b+A),,

b (¥)= °7+°zae/1y+ 44éb_)l)y+ gAYy ¢ eﬂy’f e2 '+ Yge 2 g fg ¥16)

The numerical computations of the velocity and teraere dlstrlbutlons in both the regions are penfa for

different sets of values of the governing paranseitgrolved in the study and these results are ptedegraphically.
It is to be noted that, while computing the resule value of P is fixed at 2. The constants inedlin the above
mentioned solutions are given asAippendix.

RESUL TS AND DISCUSSION

Hydromagnetic two-layered fluid flow and heat trf@nsin a horizontal channel, driven by a constargspure
gradient accounting for wall porosity applied nofrmathe parallel walls is investigated. The flasvsupposed to
undergo slipping at both the porous walls with Ebeity proportional to the shear stress there. fi#efluids in the
two regions are considered to be incompressibleetextrically conducting with different viscositiegermal and
electrical conductivities. The governing linearfeiiential equations are solved analytically to obtdhe exact
solutions for velocity distributions, such as, and y respectively in the two fluid regions. Closed fosolutions
for temperature distributions, namel\§; and 6, in the two fluid regions are determined by makige of the
already derived solutions of velocity distributioffhe profiles are plotted after obtaining the ntioa values for

different sets of values of the governing paransetevolved such as, porous parameter slip parametel
magnetic parameter S, the ratio of viscositi@s, ratio of electrical conductivities , ratio of thermal
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conductivitiesS and the height ratio h. Also it is discussed thehavior of the flow and heat transfer

characteristics by analyzing the governing pararaetevolved. The graphs for the velocity and terapee
distributions are shown in Figures 2 to 15. Itdard that there is a good agreement in resultsdmtvthe present

study and existing available one in the literatiarethe reduced cases. Here we note that whenO and 8 = 0,

that is in the case of no-slip at both walls andrfon porous walls, these results are in agreemwéhtthose of
Malashetty and Leela [10].

From Fig.2, the velocity distributions in both thegions, that is at upper and lower fluid regions found to
increase with an increase in magnetic parametavh&n all the remaining parameter held fixed. Atse observed
that the velocity distribution in the upper fluiegion is higher than that at the lower region. FRE3, it is noticed
that the velocity distributions in both the regiptisat is at upper and lower fluid regions are fbtm increase with
an increase in porous parametelt is also found that the velocity distributiom the upper fluid region is higher
than that at the lower region. It is seen from &idpat, the velocity distributions in both the i@gs are increasing
with an increase im. Also it is observed that the velocity distributtim the upper fluid region is higher than that at
the lower region. From Fig.5, the velocity disttions in both the regions are found to increasé wait increase in

h. From Fig.6, the velocity distributions in bottetregions have a tendency to increase with aeaserin. From
Fig. 7, it is noticed that, an increasefirnhances the velocity distributions in both thgiaes. Also it is observed
that the velocity distribution in the upper fluiglgion is higher than that at the lower region. FFEm8, the velocity
distributions in both the regions are found to @&se with an increase fh From Fig. 9, it is observed that Bs
increases the temperature increases in the twornegihen all the remaining parameters are heldifikeom Fig.
10, it is noticed that, asincreases, the temperature increases in the fgvon® From Fig. 11, as h increases, there
is a raise in temperature at the two regions whérnhea remaining parameters are fixed. From Fig, iz
temperature distribution is found to in increaséhvéin increase iff, when all the remaining parameters are kept
fixed. From Fig. 13, it is observed that, the terapgre distributions in both the regions, thattisigper and lower
fluid regions are found to increase with an inceeesmagnetic parameter S. Also, from figures 1d a6 , it is
noticed that the temperature distribution is fotmdncrease with an increase in electrical condghitgtratio c and

the porous parametar

APPENDIX
a=V12+452, b=\12+45%h%u, c=5%, -p, d=52n%aky-ph 2,

_a-Aa _-(a+Xd) _ dl _ d2
dy = S0 d, =2, dy=el (1+7dy), dy=e 2 (1+Id,),

b-A b+ d d

de =-S5, d. =-(21), d, = 21, S =eb (14d,),

5 = 2 6 > 7 > e 6

d

_ ds _ _ ) _ o
djg=e " (1+Td,), dj;=dg -dg d;, =ah(a-1), d,,=-ch(a+ki), d, ,=b-2,
djg=-(b+d) dyg=dg,-dy, dyy=dyy-dyg dyg=dypdyg dgg=d gy,
dyg=dg-djg dpg=djdgtdg dy,=dygdyp-ddyg dygz=d fl ,5d gagg
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Fig 1. Physical configuration and fl ow model

Fig.2 Velocity Distribution for different values of Sand fixed values of p=2, k1=1, 6=0.1, I'=0.05,
0=0.333, 2=0.01, h=0.8,=0.01

——5=2

—-5=5
S=10

—=><5=15

-15 1.5
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Fig.3 Velocity Distribution for different values of A and fixed values of S=10, p=2, k1=-1, h=0.8,
I'=0.05, ¢=0.333, $=0.01, 6=0.1
14 +
=—\=0.01
-#-A=0.05
—4=A=0.1
-1.5 1.5
Fig.4 Velocity Distribution for different values of ¢ and fixed values of S=10, p=2, k1=-1, h=0.8,
4=0.01, I'=0.05, 0=0.333, p=0.01
1.2 4
=—0=0.1
—#-0=0.5
~4-0=1.0
=>«=0=3.0
-1.5 15
Yy
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Fig.5 Velocity Distribution ffrzdifferent values of h and fixed values of S=10, p=2, k1=-1, 6=0.1,
*£T'20.05, a=0.333, p=0.01, A=0.01
=o—h=0.1
-#-h=0.3
~4—-h=0.75
=>~=h=0.8
=#=h=1.0
-1.5 1.5
Fig.6 Velocity Distribution for different values of a and fixed values of S=10, p=2, k1=-1, 6¢=0.1,
2 F=0.05, p=0.00, 2=0.01, h=0.8
——0=0.05
-#-0=0.1
=4-0=0.333
=>=a=0.5
-1.5 1.5
y

Fig. 7 Velocity Distribution for different values of g and fixed values of S=10, p=2, k1=-1, 6=0.1,
I'=0.05, ¢=0.333,,=0.01,h=0.8

—o—[3=0.00
-&-[3=0.001
-4-[3=0.01
—=<[(3=0.05
==f3=0.1

-1.5
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Fig.8 Velocity Distribution for different valuesof I' and fixed values of S=5.0, p=2, k1=-1, ¢=0.1,

¢9.333,1=0.01, h=0.8, p=0.01

——7=0.01
-=-1=0.05
=4-=0.1
=>«[=0.5

Fig.9 Temperature Distribution for different values of I and fixed values of S=10, p=2, k1=-1,h=0.8,

k=%(?§, 0=0.1, $=0.5, 6=1.0

——-[=0.01
-#-=0.05
=4-=0.1

Fig. 10 TemperatureDistribution for different valuesof a and fixed values of S=10, p=2, k1=-1,

6=1.0, I'=0.05, $=0.5, »=0.05, h=0.8
4 -

-1.5

1.5

—o—0=0.05
-#-0=0.1
=4-0=0.333
=>0a=0.5
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Fig.11 Temperature Distribution for different values of h and fixed values of S=10, p=2,k1=-1,

6=1.0, I'=0.05, 0=0.1, $=0.5, 1=0.05
2.5 A

——h=0.1
=& h=0.3
~4-h=0.75
—=<h=0.8
=#=h=1.0

-1.5

Fig.12 TemperatureDistribution for different values of g and fixed values of S=10, p=2, k1=-1,

621, 1=0.05, @=0.1, 1=0.05, h=0.8

—o—[3=0.00
-&-[3=0.001
-=4—-[3=0.01

Fig. 13 Temperature Distribution for different valuesof Sand fixed valuesof p=2, k1=-1, 6=1.0,

&=011, 4=0.05, h=0.8, =0.5, T'=0.05

-15

——S5=2
~-S=5
~4-5=10
—=«S5=15
=#=S5=20
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Fig.14 TemperatureDistributioréfg different values of ¢ and fixed values of S=10, p=2, k1=-1,
h=6.8] A=0.05, '=0.05, ¢=0.1, $=0.5
=—0=0.1
-#-0=0.5
0=1.0
-1.5 1.5
Fig.15 Temperature Distribution for different values of & and fixed valuesof S=10, p=2, k1=-1,
h=0.8, rzzg.os, 0=0.1, =0.5, 6=1.0
=—A\=0.01
-#-A=0.05
A=0.1
0
-1.5 -1 -0.5 0 0.5 1 1.5
Yy
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