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. Hydl‘om&gnetw couette flow of an electrlcally conduetmg viseous and mcompresmble fluid in &
transverse magnetic field is studied when the plates are non-magnetic and non-conducting. The

suction.yelacity is assumed to be varying as (171me)'”é The analysis is valid for small v&lues of
. hydromggnetm parameter (mt)‘} and for magnetic Prandtl number unity.

. Recently Pandeyl studied the Ra,ylelgh’s problem in ma,gnetohydrodynamlcs with
suction. The" object of this paper is to extend the problem studied by Pandey to the case
, when the fluid is confined between two non-conducting and non-magnetic parallel porous
flat plates. Its assumed that the lower plate is ﬁxed while the upper one starts to move
with constant velocity U, at time t=0. :
The expression: for velocity and induced magnetic field have been obtained in terms
of known funections by expansion in series in ascending powers of hydromagnetlc parameter
3,
(mt)
Similar problems have also been solved by Katagiri2, Ma.hur13 Agarwals, Tudfords
and some others, Do

BASIC EQUATIONS AND BOUNDARY CONDIT]'ONS
; ‘We agsunte that an electrically conducting mcompresslble fluid fills the space between
“%wo non-conducting, non-magnetic infinite para.lel porous flat plates. One of the plates,
for instance, the lower one is kept fixed while the upper one at a distance A from the lower
is accelerated suddenly from rest and moves in its'own plane in the direction of  increas-
ing. The coordinate axes z and y have been taken along and perpendicular to the lower
plate respectively.
Since the plates are infinite in extent the equatlons governing the hydromagnetic
flow of an electrically conducting fluid in the presence of a uniform transverse magnetic
field H, are
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where'H,, t,v, p, pe and Py, ( = o p, v) are the induced magnetic field in -the direction
of z-axis, the time, the kinematic viscosity, the density, the magnetic permeability and
magnetic Prandt] number respectively. o being the electrical conductivity of the fluid.
u, v are the velocity components parallel and perpendicular to the plate.

Since from (1) v is independent of y, we conclude that v is a function of ¢ only. Let us
take v = — 2y (f) = —c (» [£)1/2 , where ¢ is a real positive constant
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Substibuting v=—c (v/t)% and a=H, (l&e/P)* in (2) and (3), weget
au - LU 1/2 qe
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2 2y oy L
L /t) N +H ‘(&——“‘ ) -
at 3y  Pu ay’ M oy .

where a stands for the Alfvén wave velocity and ¢ for a real positive constant. The
boundary condmons pertment to the problem are -

u=0 'd=0 fOl‘t<0 )
w = U, oc=0 aty = h fortyo . (6)
u =0, =0 aty =0 f0’1"t 0. - ) )

- Solution of the Problem when Py = 1 '

Let us assume the solution of (4) in ascendmg powers of (mt’)i as follows

. —\ 3 9 A O :
u=m2mww,'

=0 e :
o i1 f for(mit <<1, . (6).
= Ty D o) T |

‘=0 . . o e

O'Ho [
where 2z = Ex t)i a.nd ———P-—

Substituting the above expressions for u and « in 4); neglectmg coeﬁoxents of
(mt)? and hlg’her powers of mt, and comparing harmonic terms, we get B |

U’ + 2 (2 +0)u =0, 1
w2ty —2u =0,

w2 () u —dup = —2a
Uy + 2 (2 +c) u — 6 ug ﬁ‘éﬁal’, S

SN

and ‘ :
a0”+2\(z+c)ao'—-2ad=-‘—-2uo',‘
o +26+0)a —ba=—2w, + (8
a" 122 (2 +¢) ag’ —6ap = — 2 uy .
. where dashes denote dlfferentlatlon with respect to z. ;
The solition of system of (7) and (8} are glven by » -~
W @) = Kof ¢+ + K, , | o
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where the constants K,, K,, K, K4, K5, K, K -and Ks are to be determined with the
_ use of boundary condltlons

u (0) = u (0) =4z (0) = uy (0) =0 =10(0)=q ©0) =a (0) '}
wE=1; - ' L (16)
w () = ualry) =y () =0 = ay () = @ () = a (2) j
_ where z,= A/2(v t)}' and'the function erf () is deﬁned as
: .
| erf(w) - 7%—fexp(—~n=)dn
: o . .

Thus we get the expressmn for % and a. as
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On transferring the origin from the lower plate to the upper pla,te and reversmg tIle -
direction of y we find that the above expressions for velocity (on tendmg zl to )"
reduce to those as obtained by Pandey! for his case (P,,, = 1)

TABLE 1

a R
NUMERICAL VALUES - OF T .
: N :

(mt)E=0-1" o , L (mi=0-5
z = 5 STOEEra A — . = —
o= —1 c=0 c=1 St e=—1 "  ¢=0 c=1
0o o . 0 0 . .0 e 0 . ' 0
0:4 0-0145 02278 . —0-1473 0-0741  C0-1150  —1-4570
08 00253 - - - 02038 —0-1855. . . 0-1250 ‘. ©  0:1047 ..3-—3-1657
1-2 o 0-0252 0:1143 . —0-2883 0-1252 . 0-0991 = —3-8078
'1-6 0-0145  0:0301 ' —0-2353 - 0-0728 ~ 0-0089 | =2 8825*
2:0 0 0 0 0 - 0 0
DISCUSSION "'; :T f&?
Curves have been drawn showmg the va rlatlon of -U—— w1th 2 for ¢=—" ] 0 1 and
: . L B A PR, Co

(mi)t = 0, 0-25. e

Tt is seen from Fig 1 that the effect of m» gnetlg ﬁeld is to damp the veloclty ‘for all
" values of ¢, while the veloclty uiereases as

"] wegofromo._~—1toc

- _Table 1 shows the Va.matlon of CH IS
with 2z for (mt)} = 0-1, 0-5 and for

~ different values of ¢. - Tt is found that -as
(mt)t increases the mduced field decreases
for ¢ = 0. while it mcreases for ¢ = —1
or 1. :
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