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ON THE RAYLEIGH’S FLOW PAST AN INFINITE POROUS PLATE—-I
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E Rayleigh’s problem! in fluid mechanics, TABLE 1

i.e., the flow of a viscous incompressible Velocity distribution near an impulsively
fluid due to an impulsively moving plate has moving plate |
been examined for a rotating fluid by '\ | T
Chawla.”? Here we consider the two-dimen- r N\ 0 -9 . | . -8 |
sional unsteady flow of a viscous incompressi- g\

ble fluid past an infinite porous flat plate

(chosen along X-axis) at zero incidence with *04 0 1 -4795 1573 0332 0047 -0004

1 1  -4321 -1280 -0249 0031 -0GU3

uniform suction v, < 0. The relevant equa- 2 1 «386] -1.928 <0180 0020 -0001L
tions of motion together with the initial and ———— ——— —-
the bound L +36 0 1 -+8133 6377 -4795 +3455 -2388
e boundary conditions are 1 1 <7249 -5080 +34.3 -2214 +1375
u o ou Qo (1) 2 1 6283 -3843 -2274 -1299 071G
ot TPy oy’ " ' ' - = " -
f <0 w—0 f -0 1 0 1 -8875 7775 6714 5716 4795
R U= U f‘?’r y = 0 5 1 1 7528 +6064 <4645 -3515 +2626
t>0: u=1U, tor y =7, (2) v 1 -6622 -4362 -2807 -18:8 -1198
<o for y —>oo. B _ o
We introduce the non-dimensional quantities > 0 1 1 1 1 1 1
0 0.2t i 1 8187 -6703 -5488 4493 3679
b= L p=YPe Yol g Yo 2 1 6703 -4493 3012 -2019 -1353
U,’ v v o U,’ el _ L e
(3)
where § can be looked upon as the suction | 'I_'AﬁLE 11
parameter. Then (1,2) become o The Ska_n fﬂctwn__at the plate )
d0p ¢ _ ¢ N
0P _ pgd® _2¢% 4 0 I 2
b’f Jj:3 D’?? 7?2 ( ) T\B\
r<0: ¢=0 for >0, — e R
for = -—>00, +36 +9403 1+5237 29599
. . { .
The solution of (4) subject to (5) is \ 0042 £+ 1996 2-0503

o0 4 1 2
le-18 erfe (,._.'?_-_ P -v"r) - - | - | _ .
From the calculated wvalues, we infer that
A erfc( 7 i g \ T)} (6) (:i) as ﬁ (corresponding to thg suction- velo-
a city v,) increases; for a given time, the
The non-dimensional skin friction [ defined yelocity at any point of the fluid decreases and
by —(de¢/dn),_, becomes the skin friction at the plate increases and
1 o (TR . B erfc( B § \/T)' 7 (ii) for any given ﬂ, as the time advances, the

\/ 7T 2 velocity at any point of the fluid increases and

The steady state corresponds to 7 oo ; IN  the skin friction decreases, Ultimately ¢ and

this case ¢ and I' are given by I'  settle down to the steady state wvalues
by == e—'qﬁ’, r, == 8. (8) corresponding to r -» oo,

d II give the calculated values of
Table; I.an L g::? £ —0.1.2: 7= -04 1. Schlichting, H., Boundary Layer Theory, Pergamon
¢ and I given by (6,7) for §=0,1,2; 7= 04, Press. 1955, | 64.
36, 1, o and »=0(-2)1, 9 Chawla, 8. S., /. Phys, Sec. japan, 1967, 23, 663.
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N the previous article referred to as (I), the non-dimensional velocitly ¢, and the skin

effect of suction on Rayleigh’'s flow in fluid friction Iy at the plate,
mechanics has been considered. Equations Here the same problem is considered in the

(8) and (7) of I are the expressions for the  framework of hydromagnetics. It is assumed
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that the Auid is weakly conducting and -that
a uniform magnetic field H, is applied along
Y-axis perpendicular to the flow. When the
magnetic lines of force are fixed relative to
the fiuid, the equation of motionl is

At J7 U u"H 2
3 "_"Dy'-"ﬁmu’ m_-—p—— . (1)
Solving (1} subject to the initial and

boundary conditions (2) of I, we obtain, in
terms of the non-dimensional guantities (3) of 1.

a¢ L a:"t' o L 1’“!_‘!1;!

o omr °© ¢, a = T, (2)
where a is looked upon as the Hartmann
number in the unsteady meotion. The solution
of (2) 1s

- ], —na 1 - f )
Prs 3 {e erfc(2VT ay T
na g | ,’
+ eM% erfc (ZV"T - a »T)} : (3)
1 j

FM o= ?—T-T—T e-—-ﬂ.?T —i- L4 erfﬂ 'l'l\/T_ (4}

ds T —> OGO,

‘;""'H, g == e~ % FM, st = Q. (5)
If the magnetic lines of force are fixed
relative to the plate,® (1).is to be replaced by

du O

3 o m{u — U, (6)
In this case,
. I ) o _"'3_
bp =1 — ¢ erfc o (7)
e-a?r
FR e —{';; . (8)

As 7 — 00,

-‘#’R, st = l. FR, gt — 0. (9)
Figure 1 shows that, for equal wvalues of
eand 5, ¢ <¢, <¢, for agivennat =1
This is found to be true, for all wvalues of
T (0<7< w), Thus the fluid velocity is
retarded more by applying suction than by the
maghetic field. Similarly from Fig. 2, we infer
that the skin friction at the plate is more in
the case of suction than in the magnetic case.
Again, a study of Fig, 1 and Fig. 2 indicates
that, (1) as j (corresponding to the suction
velocity v,) increases, the velocity at any point
of the fluid decreases and the skin friction at
the plate increases. (2) As a (corresponding
to the strength of the magnetlic field H,)
increases, (t) when the magnetic lines of force
are fixed relative to the fluid, the velocity at
any point decreases while the skin friction at
the plate increases and (it) when the magnetic
lines of force are fixed relative to the plate,
the wvelocity at any point increases while the

skin friction at the plate decreases.
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FIG, 1. Non-dimensional velocity ¢ versusm at v =1

for different values of a and S,
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FIG. 2. Non-dimensional skin friction I persis r for
different values of a and B,

Also, numerical calculations of ¢ for wvarious
values of 7 show that, for any given a or 8,
as the time advances, the velocity at any point
of the fluid in the corresponding case increases
and the skin driction decreases. TUltimately
¢ and f settle down respectively to their
steady state values corresponding to = — oo.
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