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STEADY FLOW OF TWO CONDUCTING INCOMPRESSIBLE AND IMMISCIBLE
FLUIDS BETWEEN TWO CONDUCTING PLATES UNDER CLOSED .
| - CIRCUIT CONDITIONS
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This paper discusses the flow of two conducting, viscous, incompressible and immiscible fluids
between two conduoting parallel plates in presence of an applied transverse magnetic field under -

- general elestrioal loading conditions. It has been shown that the flow fluxes of the two fluids,

the ilnberfa,oe velocity and the skin friction on the two platés decrease with ‘the increase of the
total current, ’ : . .

i ; NOMENCLATURE
B, — strength of the applied magnetic field
E, — eleotric field in z direction .
h, — depth of fluidl : Cn
hy — depth of fluid 2 ST o : o

) W, — thickness of plate 1 R TR
R, — thickness of plate 2 o o L | §;
I — total current . ) S H

Ju — ourrent density in 7 direction
p — pressure :
'@, - — flow flux of fluid 1
@, — flow flux of fluid2
uy, — interface velocily
u, — velocity of fluid 1
“w, — velocity of fluid2 |
%, Y% — cartesian coordinates

p — viscosity of fluid 1 L v
4y — viscosity of fiuid 2 " /
@, — conductivity of fluid 1 |
0y, — conductivity of fluid 2
oy —  conduetivity pf'pl_ate 1’

¢'y — conductivity of plate 2
| | 13
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™ — stress on plate 1
Ty — stress on plate?2

The problem of simultaneous flow of immiscible fluids in channels may be of lmpoﬂ:ance
in industrial processes such as transportation of two or more fluids in the same pipe.

Bird et al' discussed the flow of two viscous incompressible and immiscible fluids hetween "

two parallel plates and showed that when the beights of the two fluids are equal, the velocity

maximum occurs in the less viscous fluid. | Kapur & Shukla® gereralised this discussion to .
the case of the flow of any (finite) number of immiscible fluids occupying different heights

between two parallel plates and it showed that a unique velocity maximum always exists.
Later on, Kapur & Shukla® again considered the ursteady flow of two immiscible fluids
occupying equal heights betweer. two parallel plates under a time dependent pressure gra-
dient and showed that the velocity maximum can also occur in the more viscous fluid if its
density is less than that of the less viscous fluid. Kapur & Shuklat discussed the flow of

two viscous, conducting, incompressible ard immiscible fluids between two parallel ron- . -

conducting plates ir. the presence of a transverse magretic field reglecting induced fields.

They have shown that the flow fluxes of the two fluids, the skin friction at the plates and.

the interface velpc'ity decrease as the strength of the magrnetic field ‘increases.  Phe same
problem has beer extended by Shukla & Prasad® taking induced field§ into consider-
ation, and similar resu._lts were obtained. :

Here we have considered the flow of two corducting incompressible and immiscible
fluids betweer. two parallel conducting plates in the presence of a uniform transverse
magretic field urder closed circuit conditions. The main aim isto discuss the effects of the
magretic field, the total current and the conductivities of the plates on, the interface veloci-

ty, the flow fluxes of the two fluids and the skin friction on the twa plates.

BASIC EQUATIONS

Consider the flow of two conducting incompressible and immiscible fluids between
two conducting parallel plates in the presence of a uniform transverse magnetic field
under general electrical loading conditions. A constant pressure gradient is assumed to be
applied to both the fluids. The physical situation of the prohlem is illustrated in Fig. 1,

The basic equations governing the flow are8 = = = *
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Fig. 1—Flow of two immiscible and conducting fluids, I S :
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where. g is the veloclty at the lnterface
me (1), (2) and (3) one gebs

= 'where

'Equatlops (4) a.r-d (5) then take the, forms:
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mes in the two reglons are a8, follows :
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Tt is convenient to use the following dlmensmnless varm.bles for further analysis
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Siﬂce at the interface the shedrixig stress is constant S _
"m0
2y 2y /y=0 |
From (7), (8) and (9) one gets _ o ‘
M— tanh M‘ + 11. tanh - M E‘;M1 (tanh 21 + Ap tanh l%?)
o’ = ‘1 M, ; S :
Yo = - M, (coth M + A A cotth) ‘ ‘(10)
~ The total current I is given by®
o L —hy
sz [a._, ondy+a,f(Eo+u?Bo)dy '
P =R —hy :
+‘71j (Eo -+ v; By) d?/ + ot on dy ]dx
kl oL 5
which on using (4), (b) anq (6) gives
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which on using (10) gives E, as a function of I
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"( ta,nh + A tanh Mﬁl ( tmhMl + Ll tanhlz\) g
v L le (cotb M, + z\ C co! h M,)
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This equation determines the constant E0 exphcltly in terms of the total current L.

,

DETERMINATION OF SKIN FRICTION ANp FLOW ILUX .

If the.skin fnctlons on the upper and the lower plates be n and 12 then, w1t2h the o
help of (7) and (8), ope gets _ T
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Now from cqmtxons (7 (8). (10), amd (13) toa QI'L) (u‘e ean ﬁnd, he. exphclt expresmons for
Uy Uy, gy Ty, Ty, Q1 and Qz in termﬁ I.
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Pm'twular Case
Let us discuss the followmg partlcular case

Consider the plates to be of the same material and of the same th.lckness and assume
that the fluids ocoupy the same height between the plates. Then

"‘hll

T =}71.=='7;;

__Az\/

- With the help of (10) and (12) the various expresslons take the forms :
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© (18)

Equatlons (10) and (18) show that u, is a linear function, of T and decreases as the total
ourrent inoreases, This is also obvious from Fig. 2.
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Fxg. 2—Var!ation of U, V8 1

" _ Keeping the conductlvxtms and the viscosities of t}m flnids ﬁxed, tho mm,ﬂf

Ug, Ty, Ty @, a0d Q, versus I are shown in Fig. 2 to 6 - re.ﬁpectwely for yarious : vaiuda, Of
M. The followmg results afe obtamed o .
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Fig, 4—Vaciationof 7 vs T+ = . Fig-"8—Vasiation of Gowl
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Results obtained from Fig 2: (1) the

e ' , interface velocity u, ugdecreases as the strength

Ve, - , of the magnretic field increases for fixed values

T ) | I of I and bKZ (17) the irterface veloclty U

: v S decreases as bK? i.e., the conductivity or the

: :'f'- AN 14 thickness of the pla.tes increases for fixed

P . negative values of. I and the strength of the
: j magnetic field.

Results obtained from. Fig. 3 and 4: (v)
for ‘fixed bK? ard regative values of I, the
skin friction at the plates increases as the

- strength of the' ragnetic field increases; (47) for
fixed values of the a.pphed magretic field and-
negative values of I, the skin friction at the
plates decreases us bKZ, i.e. the conductivity
the ~th'ckness of the plates increases;

Fig. 6—Variation of @, vs. I or
(i11) for fixed values of applied’ magreto field and bK?, the skin friction at the plates
decreases as the total current ircreases. Thus it is possible to mirimise the skin friction
at the pla.tes by choosing suitable corfiguratior. of the external electric' field.

Results obtained from Fig. b and 6: (3) for ﬁxed bK2 ard negatlve valties of I, the ﬁow
fluxes®%f the fluids decrease as the strength of the magnetic field increases; (i) for fixed
vahies of the apphed magnetic field and negative values of I, the flow fluxes of the fluids
decrease as bK?, i.e., the conrductivity or the thickress of the plates ircreases; (4i¢) for
fixed values of apphed magnetic field and bK?, the flow fluxes of the fluids decrease as the

total current I' increases.

Whenithe total current is zero and the pla.tes are ron-conduct ng one gets all the re-
sults obtaired by Shukla & Prasad®. :
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