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Unsteady laminar boundary layer flow of a visoous incompressible and electrically conducting
fluid past a non-conducting infinite porous fiat plate with variable guction in the presence of a .
" uniform transverse magnetic field is considered. General formulae for velocity and skin-friction
are obtained under the assumption that the magnetic Reynolds number is small. The dependence

of velocity. and skin-friction on Hartmann number (M) is discussed graphically.

- Stuart! has'studied the flow of a viscous incompressible fluid Ppast an infinite porous
flat plate subjected to a constant uniform suction when the free stream velocity oscillates
in magnitude but not in direction. The corresponding problem when the fluid is electrically.
conducting and the-applied magnetic field is normal to the plate has been discussed by
Suryaprakasarao® for small magnetic' Reynolds number and with no applied external
electric field. g ’ C SR

The purpose of this paper is to study the effect of magnetic field on skin-fri¢tion and
velocity profile in case of oscillatory flow of visceus conducting fluid past a non-conducting
infinite porous flat plate with- variable suction. The ‘variable suction “velocity is
taken to be of the form ¢/, [14edeiw’'], where v, is a non-zero negative constant
mean suction velocity, « is taken to be small and 4 is a positive coristarit sach that €4
<1, as has been considered recently by Messiha® who limited his problem only to non-
conducting fluid in the absence of magnetic field. S - :

General formulae for velocity. and ' skin-friction are obtained for small magnetic
Reynolds number, Graphs showing variations of velocity profile and fluctuating. parts
of velocity profile against the distance from the plate, phase and amplitude of skin-
friction against frequency parameter are plotted for 4 =0, 1 and Hartmann number (M)
equal to 0 and 3. o L E . ‘

It may be pointed out that the previous results'—3 can be derived fl_'om' our results
as particular cases. In this paper we have not d'scuss~d the temperature field variation -
which will b> taken up in‘a subsequent peper. S ~

BASIC EQUATIONS AND THEIR SOLUTION

Two-dimensional motion has been considered in which we take z’-axis along the plate
and y'-axis perpendicular to it, w’and v’ are the corresponding velocity components. Since
the plate, which is assumed to be non-magnetic and non-conducting, is infinite, all the
physical variables, except -pressure, depend on y’ ohly. The S}letion velocity normal to
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~ the pla,te varies periodically with time about a non-zero constant mean value v'y. The
momentum and continuity equations relevant to the problem are
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where ', p, 6, p, v and B, are the time, the densxty, the electmcal conductlwty, the pre-
ssure, the kinematic coefﬁment of viscosity and the magnetic induction respectively.

In deriving (1), as in reference?, it is assumed that the magnetlc Reynolds number is
small so that the induced magnetic field is negligible in comparison with the imposed
magnetic field. Further, since no external electric field is applied, the effect of polariza-
tion of ionized fluid is negligible, hence it can be assumed that the electric field is zero.

From (2) it is clear that ' is a function of time only and following Messiha we may

take \ R ERAR ‘

' v = v {1—}- edeio ], . . , (3)

’w1'1ere 4is a rea;I positive constant and e is small such that ed< 1. J
From (1) one gets, for the main stream velocity \ |
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where U’ (t) is the free stream veloclty
Usmg (3) and (4), (1)’1)30011163 ] e L , \‘
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with the boundary conditions , _
Oaty' -Oandu -> U’asy > 0.

We now deﬁne the followmg non-dimensional parameters
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where U’,is a reference velocity and o’ is the frequency. | o AT #
“Using the non-dimensional parameters, (5) becomes. . '
ou

- R 14U \
g T el — e G+ T ( —w)=0, @®



 Pawo: ﬁ&&éﬁg‘gneﬁe o;c;m&#my“ ‘Flbﬁ ai

Vo

s ° is. the Hartm&nn number T’he boundamy condxtlons reduce to
0 i3 S ; .
A . ; :

" where M .; «

Let us now. cons1der a penodlo free stream velomty of the form ‘ ’

| m~1+¢m' f7Vf‘ oo
.and let the veloclty in the nelghbourhood of the plate be f o Ll
wih =t1—4 oy Fell=f0 e e

Subsntutmg these values of U and u 111 (6) a.nd compa,rmg harmomc term.s neglectmg
coefficient of e, we get - ,

dzflfv”‘_’fil.

”&‘y'f dy ‘jTﬁ:—‘;O’ S (9)”‘
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: ‘vv'vith the bouhdafy cohdi/tion‘s’ :
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. The solutlo,ns of (9) and (10), satlsfymg the prescnbed bounda1y condltlons (11), are

fimew, o ay
= Q=Semwh S, o ay
~ tind 1 ‘
where S=1_‘_‘4’m\ =§[1+(1+M)]
- w
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- Hence the expression for Velocity:proﬁle ls given by

Wit =1— e-?"”+e{1 —(1—8) e ;'Sé—,w}eiw; )
It wo take T T
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M=

where h, and hi are given by (14), the equa‘pion (15) ‘reduces to , ‘
wig) =1 — o 4 e {M, cosat — M, smoly an
" The expressioh for ﬁon-dimemipﬁal skin-friction 7, is ngen by | ‘
-r0'==‘ n -+ e(n —ns +-hs) e?'f"f, . k . ‘
=mte|Blosebt k- (18
where tan « = B;/B; and | ' RS SO o
B =B, } iB; = — ns Ahs,

= {kr‘-l— 4‘ZA h,-} +_z"{ b + #nd v — h)} (1?)‘: :
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Fig. 1—Variation of skin-friction amplitude against ‘o 2 Varjation of 'skin-ﬁ-iction phase ‘agai&ilst
frequeney parameter for 4:=0,1 and M=0, 3. 8. < frequency pargmeter for 4=0, L'and M=0,8, .

 CONCLUSION . | -
. Tig. 1 and 2 show respectively the variation of skin-frietion-amplitude and- phase
with @ for A =0, 1 and M =-0," 3. -Fhe variation" of ‘ﬁuct)uating;»partj—ﬁf veloc}ty»
profile with y for = 1,’4 =0, 1 and M = 0, 3 is shown in Fig. 3 and 4. Fig. b and 6 give _
the va;iation of trgnsiexjt Vélacitz{ profile witl}yfqr wzl,wt =—%—, €= ’0'284, A = 0, .

‘
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Elg. 3 —-Variation of ﬂuctuatmg pa,rt of veloclty Tigy 4 —Variation “of ﬂuctuatmg part of - vekm“;,
profile (M,) for =1, 4=0, 1 and M~=0, 3, .  profile (-M ) for w=1,"4=0,1.and ,M—-O,

F rgo——Vamatmn of - velocity profile u=1._¢—"%¥ Flg 6—Variation .of velooity profile u—l—y—e ny
) —e M; for w=1, o)t-n/2 e=0#284, 4=0 . —eM; for w=1, ot= n/2 e=0-284, 41
andM—03 o a.ndM O, .

In case of constant suction veloclty (Ad=0), it.is clear from the graphs that the ampli-
tude of skin-friction fluctuations, the transient velocity profile and M, increase with 3/
while the phase of skin-friction fluctuations and M; decrease. On the other hand when,
 the suction vel city is variable<{e:g., 4=1)it is seen that the amplitude of the skin-friction
ﬁuctuatxons the transient veloclty proﬁle and M; increase with M. - The phase of skin.
frietion ﬂuctuatlons increases with M for small va,lues of frequency while near the plate ,
M, increases with M,
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