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ABSTRACT. When a straight channel formed by two parallel porous plates, through which two
immiscible liquids occupying different heights are flowing a secondary motion is set up. The
motion is caused by moving the upper plate with a uniform velocity about an axis perpendicular
to the plates. The solutions are exact solutions. Here we discuss the effect of suction parame-
ter and the position of interface on the flow phenomena in case of Couette flow. The velocity
distributions for the primary and secondary flows have been discussed and presented graphi-
cally. The skin-friction amplitude at the upper and lower plates has been discussed for various
physical parameters.

1. INTRODUCTION

The fluid flow between porous boundaries is of practical interest in hydrology and petroleum
industry. The problem of water coming is usually encountered in the oil industry when a layer
of water underlies a layer of water forming a system of immiscible fluids. The effect of suc-
tion is to supply an adverse pressure gradient to the fluid which intern causes back flow near
the stationary plate. The velocity profile due to the flow of two incompressible immiscible
fluids between two parallel plates and occupying equal heights was obtained by Bird et al [1].
The problem was extended by Kapur and Sukla [2] to the case of the flow of a number of
incompressible immiscible fluids occupying different heights. Vidyanidhi and Nigam[3] who
have studied the secondary flow when a straight channel, formed by two parallel plates through
which fluid is flowing under a constant pressure gradient, is rotated about an axis perpendicular
to the plates. This problem was later extended by Vidyanidhi [4] in the frame work of hydro-
magnetics and by Vidyanidhi, BalaPrasad and RamanaRao [5] to include the effects of uniform
suction and injection. The later analysis has been made use of by RamanaRao and Balaprasad
[6] in studying the temperature distribution
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Jana and Datta [7] have considered the Couette flow and the heat transfer of a various in-
compressible fluids between two infinite parallel plates which rotate with a uniform angular
velocity about an axis perpendicular to the plates.

V.V.RamanaRao and Narayana [8] extended the work of Jana and Datta [7] on the flow
of two incompressible immiscible fluids occupying equal heights between two parallel plates.
Ch.BabyRani [9] extended the work of V. V. RamanaRao and N. V. Narayana[10] on the flow
of two immiscible liquids occupying different heights between two parallel porous plates for
Poiseuille flow. Ch.Baby Rani [11] studied the heat transfer characteristics for the two lig-
uids occupying different heights in a rotating channel for poiseuille flow. Ch. Baby Rani [12]
considered the combined effect of the pressure gradient and motion of the upper plate and stud-
ied the velocity distributions for the liquids occupying different heights between two parallel
porous plates. Ch. Baby Rani [13] studied the heat transfer characteristics for Generalized
Couette flow of two immiscible liquids occupying different heights between two parallel plates
in a rotating channel.

Here we consider the two liquids occupying different heights between two parallel porous
plates in a rotating system for Couette flow and I discussed the primary flow and the secondary
flow for the two immiscible liquids to obtain the effects uniform suction and injection at the
plates. Olive oil and water can be taken as two immiscible liquids to test the theoretical con-
clusions of this work for setting up an experiment as suggested by Vidyanidhi and Nigam [3].

2. MATHEMATICAL FORMULATION AND ITS SOLUTION

The equations of motion and continuity for the steady state in a rotating frame of reference
O'X'Y'Z’ as considered by Squire (1956) for two immiscible liquids as shown in Fig.1, with
negligible modified pressure, are

— — — —
(U#.?) UL 420 x UL = v, V20T Q.1

H
Vﬁ.U}n =0(m=1,2) (2.2)
Here the subscripts 1 and 2 refer to the upper and lower liquids in the ranges ! < z! < L(zone-
I)and —L < Z' < ¢!(zone-1I) respectively. Ui, U,, Q" and r' are the velocities of the upper

liquid, lower liquid, angular velocity and position vector respectively.

We choose a right handed Cartesian system such that Z!-axis is perpendicular to the mo-
tion of the liquids along the X!-axis between two infinite parallel plates z! = =+ L(stationary
relative to O’ X'Y'Z").

The motion is caused when the upper plate moves with uniform velocity Uy along the X!-
axis.

The velocities of the two fluids are then represented by

lﬁ = [u% (zl) ,U% (21) ,—Wo] , lﬁ = [u% (zl) ,v% (zl) ,—Wo] 2.3)
And Q' = (0,0,0Q")
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FIGURE 1. Schematic diagram

Introducing, the non-dimensional quantities

el =aL, y' =yL, 2! =zL, u{ = u1Up, v% = 11Uy,

uy = ugly, vg =wvaly, p2 = Ap1, vo = pi*vy,
0! = a2vy/L? (Taylor number for the lower liquid)

LOL .
Bm = (Suction Reynolds number) 2.4)
1%

m

vy = vy then B = By = B implying that the normal velocity at the plate z' = —L is
a porous plate through which liquid is forced into the channel with a uniform velocity and the
rate of injection at the lower plate is equal to the suction rate at the upper plate.

Equation (2.1) reduces to

The equations in zone-I (e < z < L) are

d?uy duq d?vy duvy

dZQ — E = 72012;121)17 W — E = 2a2u2u1 (25)
The equations in zone-Il are (—L < z < €)are
d2’LL2 d’LLQ 2 d2’U2 dvg 2
— [ =-2 —— — == =2 2.6
dz? dz B> dz o 26)

We seek the solutions of equations (2.6) and (2.7) subject to the boundary conditions.
up =1,vy =0atz=1

us =vo = 0atz = —1 2.7

Interface conditions are
U] = Uz, V] =vgatz =¢€
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duq 2 dusg dvy 2 dvy
=\ tz = = \u tz =
dz dzaz © dz dzaz ¢
In terms of complex notation q; = wy + vy, g2 = ug + V2
In zone-I )
d d
@ ﬁﬂ — 2w a?q =0 (2.8)
dz?
In zone-II )
d d
? 642—%am—0 (2.9)
dz
Subject to the boundary conditions
qu =1latz=1,
Interface condition
@ =qatz=c¢c(-1<e<l)
dCh 2 dgz
=22 at z =
dz dz we= 6
g =0atz=—1 (2.10)
Let )
VBT 64t t + 2|2 \/64-+64a4 52
my = , N1 = 2.11)
2
1
\/ﬂ44—64a44—62 VB + 640t — g2 |
my = = 5 (2.12)
We get
qlze%[ASh(Tl+ﬂﬂ)z+zzch(T1+ﬂﬁ)4 (2.13)
2 2 2 2
@:e%[CSh(%g+—5)z+1)0h(%3+ﬂ;)z} (2.14)

Q= e [ 5 L 5 {e‘g (a1 —iby) — % {(a1e1 + b1 f1) +i(arf1 — 5161)}}

miz niz HlGQ—HQGl miz .1z

i)t he ra o (5 “7)} @13)

% 1 HQFl—HlFQ
a% + b% Fi1Gy — Gy

HQFl —H1F2 moZz naoz
————=Ch —) 2.1
+m@—&ac(2 Ty ] 2.16)

Fi1Gs — FrGq

moz ,TLQZ)

((asea + s+  anfa — baca)} 50 (125 4472



RADIATION EFFECTS ON MHD BOUNDARY LAYER FLOW OF LIQUID METAL 61

Separating the real and imaginary parts

[e‘g (/\% + A?,) (aﬁ'h% cos % + blCh% sin %)

U 2l
1=
(af +5t) (A +A3)
miz niz
+ {()\1)\2 + )\3)\4) (CL1€1 + blfl) — ()\1)\4 — )\2)\3) (a1f1 — blel)} Sth COS %

miz . Nz
— {()\1)\2 + )\3)\4) (a1f1 — b1€1) + ()\1)\4 — )\2)\3) (a161 + b1f1)} Cth sin %

+ (a% + b%) {()\1)\4 — A2A3) Sh% sin mz (M2 + AsAy) C’h% cos %H 2.17)
2 2 2 2
Bz
B ez —8 \2 | 42 miz .Mz Mz s T2
Y ey 7% O 4 2) (O s 257 — baSHT5S cos 757)
miz . N1z
+{( M A2+ AsAy) (arer + b1 f1) — (Aida — A2A3) (a1 f1 — bier)} ChT s 9
miz niz
+{(MA2 + A3a) (a1 fi — brer) + (Ada — Xo3) (arer +bif1)} SthCOS %
= (af +03) { (A = Aadg) CR ™% cos 25 4 (Mo 4+ Agda) SR sin "2 2.18)
2 2 2 2
Bz
Uz = (i {0 + 2ade) (azea + b2 fo)

— (AM1A6 — A3As5) (azfa — bae2)} Sh™5= cos "3*
mez . Noz
— {()\1)\5 + )\5)\6) (a2f2 — 1)262) + ()\1)\6 — )\3)\5) (a2€2 + bzfg)} ChTQ sin %
+ (a2 + 13) {(/\1)\5 + Ashg) Ch% cos % — (AtAe — As)s) Sh% sin %H (2.19)

Bz
Vo = m [{(A1 A5 + A3X6) (azea + baf2)
- ()‘1)‘6 - )\3)\5) (a2f2 - bgez)} Chm22z sin %
moz noz
+ {()\1/\5 + )\3)\6) (a2f2 — 5262) + ()‘1)\6 — )\3)\5) (a262 + b2f2)} ShTQ cos %
+ (a2 + 2) {()\1)\6 — Ashs) Ch% cos % + (AAs + Ashe) Sh% sin %H (2.20)

The skin-friction at the upper plate is given by 7y = %

z=1
Ty = [(BT1 4+ T3n1 — Tyma) ar + (—=BTy + Timy + Tong) eq
2 (af +b7) (AT + A3)
+ (BT3 + Tomy — Ting) f1 + (BT + Tzmy + Tyny ) by (2.21)
Where

_B
Ty = aje” 2 ()\% + )\%) + ()\1)\2 -+ )\3)\4) (CL1€1 + blfl) — ()\1)\4 — )\2)\3) (a1f1 — b1€1)
(2.22)



62 CH. BABY RANI

_8
Ty =bre 2 (A +A3) — (MA2 + Asha) (a1 fr — brer) — (Atda — A2)3) (arer + b1 f1)

(2.23)
T5 = (af +b7) (Aha — A2)s) (2.24)
Ty = (af + 1) (\id2 + Asha) (2.25)
The skin-friction at the lower plate is given by 77, = % )
——

_8
e 2
So + S S —BSs+ S S
TL = ICEIEY +)\2) (=BS2 + S3ng + Syma) az + (—BS4 + Sing + Sama) e2

+ (BS3 + Sima — Sang) fo — (BS1 + Szma + Sang) bo] (2.26)
Where
S1={(MAs + A3X6) (azfz — baea) + (AM1Ae — AgAs) (azez + bz f2)} (227
Sy = {(MA6 — A3As) (azfz — baez) — (MAs + Ash) (azez + b2 f2)} (2.28)
Sy = (a3 +b3) (\A6 — A3As) (2.29)
Sy = (a3 +b3) (M5 + A3Ag) (2.30)

3. RESULTS & DISCUSSION

The velocity distributions for the primary and secondary flows have been shown in figures
(3.1) to (3.14) illustrate the effect of the parameters a, A and g corresponding to both the
liquids occupying different heights for both porous and non-porous cases.

The velocity distribution for the primary flow have been shown in Figs. 2(a) and (b) to
illustrate the effect of the parameters o, p and A\ for ¢ = —0.4when 8 =0 and 1. As «
increase the primary flow decreases at point of the channel irrespective of the existence of the
porosity. With increase of A and p the primary flow depreciates irrespective of the existence of
the porosity. The significance of ( is marginal.

12 €=—04,8=0 i
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FIGURE 2. (a) and (b) are velocity profiles for the primary flow.
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Figures 3(a) and (b) show the primary flow at ¢ = 0 for 5 = 0 and 1. With increase of «, p

and )\ the primary flow decreases in both cases. The results are in agreement with RamanaRao
and Narayana (1980) for 8 = 0 and € = 0.
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FIGURE 3. (a) and (b) are velocity profiles for the primary flow.

Figures 4(a) and (b) represent the primary flow at ¢ = 0.6 for 3 = 0 and 1. With increase
of «, ;v and A\ the primary flow decreases, for large values of a and y the primary flow changes
from negative to positive as we move from zone-II to zone-I irrespective of the existence of the
porosity.
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FIGURE 4. (a) and (b) are velocity profiles for the primary flow.

The velocity distribution for secondary flow have been shown in Figs. 5(a) and (b) for
€ = —0.4when § = 0 and 1. The secondary flow depreciates with increase of o, p and A
for 5 = 0 and 1. The secondary velocity changes from positive to negative as we move from
zone-1I to zone-I for large values of «, p and A.
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FIGURE 5. (a) and (b) are velocity profiles for the secondary flow.

Figures 6(a) and (b) show the secondary flow for 3 = 0 and 1 when ¢ = 0. It is concluded
that the secondary flow depreciates with increase in any one of the parameters irrespective of
the existence of the porosity. Similar results were found by RamanaRao & Narayana (1980)
fore =0and g = 0.

v1,v2

(b)

FIGURE 6. (a) and (b) are velocity profiles for the secondary flow.

Figures 7(a) and (b) show the secondary flow for ¢ = 0.6 for 5 = 0 and 1. The secondary
flow depreciates with increase in any one of the parameters irrespective of the existence of the
porosity.
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FIGURE 7. (a) and (b) are velocity profiles for the secondary flow.
With the increase of the interface the primary flow enhances for 5 = 0 and 1 (in Fig. 8(a)),

the secondary flow depreciates for 5 = 0 and 1 (in Fig. 8(b)).
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FIGURE 8. (a) and (b) are velocity profiles for the secondary flow.

The skin-friction amplitude at the upper and lower plates has been shown in Fig. 9 to Fig.
13 for various parameters. The skin-friction at the lower plate is greater than that of the upper
plate.
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FIGURE 9. (a) and (b) are skin-friction amplitude at the upper plate.
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FIGURE 10. (a) and (b) are skin-friction amplitude at the upper plate.
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FIGURE 11. (a) and (b) are skin-friction amplitude at the lower plate.

a=A=05 25
@=pu=05

10
8
T .
‘ /
H & " W

o

rL 05
o‘.5\.\4'1\- = . x ;
H w T
b
@ (b)

FIGURE 12. (a) and (b) are skin-friction amplitude at the lower plate.
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FIGURE 13. (a) and (b) are skin-friction amplitude at the lower plate.

The skin-friction amplitude is found to increase at the upper plate with increase of o while
Aand p are fixed for e = —0.4, Oand 0.6 irrespective of the existence of the porosity. As
Aand p increases the skin-friction amplitude at the upper plate increases, the remaining values
being fixed for e = —0.4, 0and 0.6 irrespective of the existence of the porosity.

As € value increases the skin-friction at the upper plate decreases for large values of a and
slightly increases for the remaining parameters being fixed whether there is porosity or not.

The skin-friction amplitude is found to be increase at the lower plate with increase of « the
remaining values being fixed for e = —0.4and 0 irrespective of the existence of the poros-
ity.The skin-friction at the lower plate decreases at o =2, when € = 0.6 for both porous and
non-porous cases, while pand A being fixed. As pincreases the skin-friction amplitude at the

lower plate decreases for ¢ = —0.4, Oand 0.6 irrespective of the existence of the porosity,
while « and A being fixed.
As )\ increases the skin-friction at the lower plate decreases for ¢ = —0.4 and 0, it remains

constant for ¢ = 0.6, while « and p being fixed. This result holds for both porous and non-
porous cases. As eincreases from —0.4 to 0.6 the skin-friction amplitude at the lower plate
decreases for various parameters whether there is porosity or not.

4. CONCLUSION

The primary flow of the upper liquid increases to 1, from its value at z = €, where as that
of the lower liquid increases from zero to its value at z = ¢, both the values at z = € being the
same. The secondary flow of the upper liquid decreases to zero from its value at z = € whereas
that of the lower liquid increases from zero to its value at z = ¢, both the values at z = € being
the same. This results valid for small values of «, v and A. For large values of o, 1 and A, the
secondary flow of the upper liquid increases to zero from its value at z = € whereas that of the
lower liquid decreases from zero to its value at z = ¢, both the values at z = € being the same.

In this analysis we discuss the effect of suction parameter 8 and position of the interface on
the flow phenomena in the case of Couette flow. It is found that the variation in € leads to an
enhancement in the primary flow and depreciation in the secondary flow irrespective of (.
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In the absence of porosity (3 =0), the secondary velocity changes from positive to negative
as we move from zone-II to zone-I. The region of transition from positive to negative enlarges
with increase in the interface ¢, while for 5 # 0 the transition zone depreciates in zone-1I and
enlarges in zone-I for e = 0.6 the transition zone enlarge marginally in both the zones.
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