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If we apply the formula (2.28), for v, = u), ¢, = ¢’ and wu; = y
o, = ¢@ and use (2.30), (2.33), (2.21) we get Y

(2.38) 2W,, = IL,, ='IL,,.
From (2.84), (2.87) and (2.88), it follows that
(2.39) d=L, L, — I% 50,

so that from (2.23) we obtain
1 ]
(2.40) 4y = d (LM, +LpMy), ay = — d (LM, + LypM,).
Thus, the solution of our problem has the form (2.6) where P, a j
w®(z,, x,), («, p=1, 2) are the solutions of the plane micropolar strain

problems (2.9}, (2.11), {2.14), (2.17), (2.18) and the constants a,, ¢, are
given by (2.40). ’
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fNCOVOIEREA PURA A BARELOR ELASTICE MICROPOLARE
Rezumat

Se rezolva problema incovoierii de catre cupluri a barelor omogene
si izotrope in teoria liniari a elasticititii micropolare.

MHD COUETTE FLOW BETWEEN TWO NON-CONDUCTING
PARALLEL WALLS WITH VARIABLE SUCTION (I}

BY

SHISHIR KUMAR DUBE

Introduction. Recently Messiha [1] has investigated the Couette
flow of a viscous incompressible and cleetrically conducting fluid between
two infinite parallel walls in the presence of a uniform transverse magmetic
field when the suction velocity as well as the motion of one wall varies perio-
dically with time about a non-zero constant mean. lle has however, neglected
the induced magnetic ficld assuming that the magnetic Revnolds number

-5
is siall. He has also assumed that the electric field ¥ = 0. In view of these
simplified assumptions, Maxwell's equations become  redundant and the
problem becomes simple.

In this problem the above assumptions are not made and the induced
magnetic field is taken into consideration in the particular case when the
magnetic Reynolds number is equal to the viscous Reynolds number. Tables
showing the variations of amplitude, phasc lag at the fixed wall and the
phuse lead at the moving wall of the skin friction fluctuations are made.

Similar tvpes of problems have been studied by Muhnari i2l. So-
undalgekar [3L Dube [+ 3] and some others.

Analysis. Let the o axis be taken along the fixed wall and the i -axis

. hormal to it and the moving wall is at y' —=h/R. R being thesuction Rey-

nolds number. The equations governing the unsteady flow of a viscous in-

- compressible and electrically conducting fluid hetween two non-conducting

and nonmagnetic infinite porous flat plates subjected to periodic suction
in the presence of a uniform transverse magnetic {icld of strength I, . are
given by

M g =V, (1 4 sdeiot)
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gu Cdw o w2 O
{2) —JF-{— V, (1 -{—s./]r;““‘)—éy—, -;W,_j‘fﬂm 071- .
ap uell’ OH a0’
3) 0;'+ .-|-‘.':‘ dy' =
ol e Ol gl o’
(4) g F Vol b ede ) o = ot b Hy

where [T, is the induced magnetic field in a'-dircetion, ¥, (1 4= cdeint),
the periodic suction velocity, £ a small number such that e <1, V, and
A arc real positive constants. o — the frequency  of oscillations, o =
= H, (u 4w}, the Alfvén velocity, ¢ the time, o the density, pe the
magnetic permeability, v the kinematic viscosity, v, = 1{4msue, the mag-
netie diffusivity and o the clectrical conductivity (1. @') are the velocity
components parallel and perpendicular to the plates respectively. '
Introducing the non-dimensional quantities defined by

- R Y = 11_ e Vol p
h ¥y h
o L Hh o' B Vol Y =_7:_!
R v Vo
, A\ _ v
i, = l'u( ) i, B,=—.
Ay Y

where R is the suction Revnolds number. and substituting in (2) and '(4), '
we pet

(6) NEN (1 |- 2 dein) it l;r)fr Y )i& ~o,
dit Jy kool dif
: j”l ;l ?
) =i, R, (1 + s deo) alf. R, o1, 0 OMR, LN
iy Ay ot iy

The boundary conditions of « and I, are
w=u0. H, =0at y=10
(8) andl

o= 1 g, M= 0 at y=1.

The velocity field. In order to solve the equations (6) and (7) subje
to honndary condifions (81, we assume that

a w.:r; COUETTE TI (.)\v 4;3
= =Ll e f ).
Akt 4
Ut = () + e 1 ().
Substituling vefations (9) in equations (6) and (7) and comparing har

mionic terms. neglecting cocflictents of £#. we get the following svstem for
the determination of functions f . f., I, and {1,

(10) Ch_dh g oy UL,
it dy dy
(11) d* H, R rlll_l MR, df, o
diy dy diy

(12) L R fot M i, d ;

dyt dy 4 dy dif,
(13) M g% ot e 3y gy gl

dy: (hf k ) rf_:f (hj

The boundary conditions are

fi=0=f. U —=0-—H, at y--0.

(1) _
hH=1=/fu. H, =0=1HH, at y-—1,

It is extremely diffienlt to solve (10)—(18) for arbitrary value of K, .
ITowever, when £, = 1, the problem becomes simple so we shall confine
ourselves onlv to that particular case.

When R, =1, the solution of equations (10)—(13) with the boundary
conchitions (14} are

(5) fi= ! (el7¥ 1371 exp {1 + M)yt + (=¥ =17 Lexp {0 —M)y}] +
L5 £

< fettA — 1) (et — 1) (1 — ¢ cosh M),
Hy= [ % — 1) exp {1 — M)y ) —

*)

b (11034

— (et — 1) Texp {(1 4 M)y}l -

— (et — 1) (et — 1y e sinh M,
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fy = S: exp {hy ¥ + i (95 — @1)) - R, K (1 — M) - R, cos —2—3 ‘ , Ry= S R, sin 23,
S . 2, R, +-iRi, tanb, = By/R,, ,
?33)‘1’ fhay + i (o5 — )} + - l ’ B'I/ ’
Sl Re = |(1 — M) - Ry cos —03 .
+ - oexp {ny iy (g — 2.0 — o B
i S| PP e
Ry = [0 4+ (1 — M@, tan 8, = —ee— |
| Ss : ' ' (r — M)
— =% exp {nyy +1 (g — py)} + |
S4| ls‘g = lg'zr "T‘ ) 'S‘Zl' N tan Po = Sz;/Sm 3
24i . :
= mil+nM)w““——U’“Rpﬂl+JDM4n [‘. “Hl--M)wrM—-HASm( R, |sin 8,) exp ( RzmmﬁgJ,
73 w
24i MY (el M -1 Y ARTY 2a
| e " (1 — M) (e — 1) texp {((1 —M)y}, =" =M)(M - 17 [cos | Ry sin@y)exp( R, cosb,) —
&)
S ) ~exp (1 — Mj,
(Hy — 22 exp thyy + (9 — o0)) — |
S, =&, 08y, . tan oy, = Sy/8y, .
Y . D . .
;ﬁnW%y+M%—@m— [l_Lﬂl My (e — 1) Lsin ( &sm%ﬂm(lewJ}
>3 - [i¥)
S i 2.4 B ; .
e exp {n ¥+ 1 (s — 20} + (1 — M) (et ¥— 1)~ [cos( K, sinf)exp( R, cos6)
{IE} Sd L0 )
B ' — exp (I — M},
ex 1o 1, 4 — 5
: + s, p {na ¥y + (s 24)} e Sy i8Sy, . tang, = 8,/S.,
_ 24 (1 + M) (et+¥ — 1)~V exp {(1 + M)y} + = fexp ({ Ry|cos B )cos{ | B |sin8y) —
© —exp| | By| cos B;)cos{| Ry |sin 8],
. ?_.Ai (1— M) (eb=% — 1)-1 exp {(1 — M) 4}, lexp (| Ry | cos8,)sin(| K| sinf,) 4
& + exp (| By | cos 05)sin (| By | sin 8,)],
where,

S = 8, +iS,;, tan o, =8y Sy, Ry, +iR,, tan(, = By,[R,,,
S, = [exp ( R,| cos 0,)}cos (|R,isin8,} —
— exp (| R, cos 8,) cos (| Ry|sin 8,)],
Sy = [exp (| R, cos 0,)sin (| R, sin8,) +
+ exp ( R,| cos 8,)sin (| R,|sin 0,)].
R, = R, +iRy, tan 8, = Ry R,

-

lu+m+mmﬁym=%m&,
2 2 2 2

=

o iRy, tan B, = R,/R,,,
1T .
b B, = N (1 4 M) — K, cos Y
. 9

L -

¥y
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H o= —[(e""M—T)-Texp {1 — M)y — (el — 1)~ oxp (14 M) ] —
R, =[er+ (1 4- MP, tan 8, = —2 2 :
4 l() l_ ( —i ) ] in v (]Jlr» JI); .
Sy = S8 - i85, tan o, = Sg/8,, — (V¥ — ) (el 1) E e sinh M -
. S, .

h ]) + 1(] + ‘rl)( A Dy bsin (] By sin B slexp (] By | cos OE)I, T ,—_“;cxp thiy +i{py — o N

4 o ¥y
S, = 2.4 (1 -2 My (elrd— 1) Ucos (| Ry |sin 0)exp (| By cos 0,) — .{ Texpihyy4ie, o))

@ —exp (1 4+ M) P91
Sg = S + 15, tangg = Sg [, N :—_l(\l) oy ipein? [955= 7))
Ser —.[] —2‘4(] 4+ M) (et M — 1) 7 ssin (| Ry bsin O) exp (| Ry jcos 0,)] . ‘4

—_— ' + .| 'S-_“' CXP i 7 (5 )l -

S, 2l (1M 53— 1) 1 fexp (14-M)—cos (| B,] sin 0,) exp (| R,] cos 0,)], , :

o — T MY (M 1y Lexp (1 = M) ) -
by =210 = a1 + {T=MF T ial - hy = Yl 10—t el ©

) 24 :

] - RS e v - exp S — M) ]
ry =g [0+ M)+ VO Il g = 5[0+ M) — VI MF £ iol

The skin frietion.
mary wall is given by

: o The non-dimensional skin friction =, at the statio
Henee the veloceity
walls is given by

f

and induced magnetie field between the parallel

it ! [(eVF¥— )=V exp {{(1-F M)y (¢! Y —1) ' exp {H—.’U)y‘,[.i

2
1

— (M 1)~

+ zeie! [M exp {hyy 4 {ow — @l —
| 54

o= = (5] L = 310 A (= ey
: g Oy fy=o 2

|8,
e
[95]

Lipl-M— 1)1 (1 — ¢ cosh M) -

— o — ]"ll_s“‘(l exp iy — 91)) +

M

= exp il (o,

_§_ et I:’

:—l exp {hyyy + s — 2 + T 15, °F Wes — 2alt — ":Eﬂp{r( — 9} -t
(19) :S lexp My + ies — 7)) — + —5—( MR (M) - %(1 — M) (el=¥— 1)1
| :| exp (s y + i (95 — ¢a)} + and the non-dimensional skin friction =, at the moving wall Is given by
léAl == (a”’) =L Ay @ — ) tesp (1 43+
+ 220 M) (1 — 1) Lexp (1 + M) y) + oV Nayh~1 2
L2 gy (@ vy texp (1~ 3D g | SO M) (A ) exp (T M) 4 e [hl 'f';_ exp Uy + 1 (03 — )} —
() .

Muatemglicd
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(22) — h,!' taap (hy 0 (2 — 0 oy :: ![( U R o ( :- f: oo
LS ’ Go=| R, '_ cim (0 =y = o Ryisinh)exp( £y cos0) —
. ;a,D—iexl’ O R e NS T I 7 I\-]
P9, ot R, "\“’1 cos {3y — 3, — U, Ky sin by exp { [He cos L) —
exp (U4 + 2 = e = rresp (= an | §
“ - Ry s cos (I 4+ 25 — 2, RyosinOg)exp (R, cos 0))

Numerical results. For numerical caleulations we will write (21) and

5
(22) in the form: 1R Sol ; (- . 0 R . ;
The skin friction at the stationary wall g | o8 (o6 — 9y — U5 — LR [ sin05) exp ([ 8y | cos D)

. s (1 MY (et — 1) (1= M) (e = 1) (: S . o o
(2%) LR exp y (ol 4+ 7)) =11k T sin (8 -y — oy b R sinO) exp (1R cos ) —
where n 19
5 g . e ) -1 N X .
Fom B iR tan w = FF, A sin (g — o, — 0, R, sm ) exp ([ Ry cos )
Yl |5
— |11l|__...-_‘.(<)&.{()l.-l.—o._,—c_:1)— °L |H.|‘Ss e STEE R —
<, 1 s, s (U oy — sy b LR s 0)) exp ([ R cos 0) —
o 5. oo il .
-- 1Ry |:3| cos {zy — oy — 0y) 4| 1] I'T'-'-:(:OS (0, + o5 — 94) — — [N s,l sin (g — @y — 0y — B, sin 0) exp ([ Ry cos 05) +
D t4 9| !
T = MR (et — )= texp (1+ M)+ (1 =) (el -3 1) Texp (1-- M)}

The Tollowing tables show the values of the amplitades and phase

. [”fli 15, it (8, 4 s — 1) — 1R [5l sin {0y — o, — 0,) + t:lﬂ(;k(l;l friction Muetnations at the two walls for different values of L f, W
N —'—‘5] : .
Iy N 6l 5
+ | Ry |;l sin (0 + 75 — 7 — Ryl 8 R O PABLE T
(] " ""

Amplitude of =kin friction Huetnation at the stotionary wall |V

| L B - B
TR A M (et — T (1 — M (el =T ] M ) 0.3 0.6
()] . e - o 1
- 1
A= A=05 Am] A=0 A=0.3 A=1 1 A=n0 A=035" 4=1
" sloin (rlett : 1 rovine wall N I |
I'he skin [riction at the moving wi o | _
TR T T - W) - a3 01323 0 133E | 0367 (2719 1 0L 109 030s2 02708 | 02130
(24) m== | (1M e 1) texp (VM) 10 01213 01072 | 0 ddR | 02230 1 61181 0.1010 WON2916 | 0.]862
- R S el = oz | exp [ {wl - 18 I3 LIS 0102 ) T2ieE I0HN 0 0und 02262 (12207 | 0,2007
+ (1 — M) (e W hexp (1 M |G |exp (i{el + 8) ag WLO0S  BOTIL | L0137 | U257 00945 00639 02141 2066 !n 1915
|

where



e il

500 SHISHIE KUMAL JBE 10

TABLE 11
Amplitude of skin friction fluctuations at the moving wall | G

M 0 0.3 ! 0.6

|
A=0 | A=031 A=1 | A=0 A=05 A=] 1 A=0 | A=035| A=

o | '.
6] 45371 | 47702 | 3.0023 | 24763 | 2,6319 | 2,7810 14311 1.5925 | L6666
| 1o 4.6218 | 48331 | 51211 | 2.6139 | 28428 | 32218 1.7387 § 18976 | 22136
15 48301 | $.9541 | 52634 | 20176 | 54333 | 3.6130 | 1.98BI I 24510 | %6010
20 5.0421 | 5.1633 | 55141 | 3.3728 | 3.8125 | 4,1351 ) 2.0010 27126 | 3,1211 |

TABLE IIIL
$kin friction phase at the stationary wall tan a

N/f 0 - 03 0
A=0 | A=05] A=1 A=0  A=053 A=I A=0 | A=054 =1

5 023 0,29 0.36 020 020 0 029 0.09 0.15 0.19
10 0.42 0.50 0.65 0.31 0.39 0,48 0,42 0.20 0.27
15 0.84 1,22 1.37 0.40 0,54 0.91 (.19 0.29 0.36

20 142 | 176 | 201 | oes | 1.m 146 027 1 063 | 083

TABLE IV
Skin friction phase at the moving wall tan f§

M 0 0.3 0.6
]
o A=0 | A=05| A=1 A=0 A=05’ A=l A=0 1 A=05] A=l
5 0.23 0.20 0.13 0.13 0.1t .08 0.05 0.05 0,02
10 0.50 0.34 0,26 017 0,14 014 0.07 1,06 0.04
15 0.62 0.55 0.40 0.24 0.19 0,13 0.11 0.08 0.05
20 0.70 0.63 0.46 0,26 .21 .18 0.18 0.1l 0.07

A study of the tabie indicates that:

1) The amplitude of skin friction fluctuations at the stationary wall
increases as the magnetie field strength M is increased while in the Mes-
siha’s [1] case i. ¢. whe the induced magnetic field is neplected the effect
of magnetic ficld is to damp the skin friction amplitude at the stationa
wall. It is also seen that the cffect of suction is to damp the skin friets
amplitude at the stationary wall. B
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2) The amplitude of skin friction fluctuation at the moving wall increases
with increasing 4 while the effeet of magnetic field is to damp the skin frie-
tion amplitude at this wall which is in contradietion with the result of Mes -
<iha [1] who has shown that when the induced magnetic ficld is neglected
the effecet of magnetic fiekd is to increase the amplitude of skin friction flue-
tuation at the moving wall.

3) The skin friction phase lag at the stationary wall increases with
suetion and decreases as the magnetic field strength M is increased.

4) The skin friction phase lead at the moving wall decreases with in-
creasing 1 or M,
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CURGEREA COUETTE MAGNETOHIDRODINAMICA INTRE DOI PERETI
NECONDUCTORI CU SECTIUNE VARIABILA

Rezumat

In aceasta lucrare ¢ste studiata curgerea Jaminard nestafionard a unul
[luid electroconductor, viscos, incompresibil intre doi pereti plani infinit,
porosi, neconductori si nemagnetici, supusi la o suetiine periodica, in pre-
zenta unui cimp magnetic transversal uniform.

Numérul Reynold magnetic se presupune egal cu numarul Reynold
viscos. Unul dintre pereti este presupus fix iar celilalt, ¢a si viteza de sucti-
une variazi periodie in timp fata de o medie constanta diferitit de zero.

Se obtin expresiile pentru vitezi. ¢impul magnetie indus si frictiunca
de skin. in formi adimensionala,



