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ABSTRACT

Here the main aim is to study only those cases where either the plate is oscillatory or the
suction is oscillatory besides oscillatory temperature distribution. Singh [79] used the
oscillatory boundary conditions (BCs) of the flow pattern between two parallel plates at a

distance h.
Key word :- Oscillatory, convective, temperature

Mathematical Analysis

@1y u=ue“,T=T aty=0,

u=U,T=T aty=nh

Agarwal & Singh [4] & [5] took the temperature distribution oscillatory about non-

Z€ro mean.

(3.1.2) 2'=0, u'=0, w'=0,
T'=T'0+(T' 0o'-T'a)e""
c'=C'w+c(co'c'a)e™

313 Yo au'=ut=ul+te'"")

o=0T'->T'a,Cc—>cC
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Jaiswal & Soundelgaker [12] & [25] the oscillatory parameter were used as follows :

(4.1.4) (a) u=0, f=t,c=1 as y=0,
(@) u=ut=1+ee",0=0,c=0 as y—a,
(€) u=u(t+eu,,

(d) 0=6,+ce"6,

(e) c=c,+ee"c,

soundelgakar used the following equations :-

(3.1.5) (@V',.+V', =u't+g, (T'-Tu)+ou',,
(0) p'Cp(T',+V'U", ) =k (T, ) + (U, )?
V', =0,
(d)v'=v,'(1+ee").

Reducing by non-dimensional variable be obtained.

316  (a)l/4U +(1+eAe)=1/4u +G,+u,
(b)P/46, +(1+eAe™)0, =Q,, +P.q%
(cu=0,/=1las y=0

(u=u(t)=1+e“,0=0as y >«
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Singh [79] studied M.H.D. problem by using Laplace technique, Birajdar [8] used the

following equations & obtained some graphs.

i (@QUt=GO+uyy-M
(b)PO =0,
u=0,6=0for all y

(3.1.8) (a)t<0,u=160=Cosntaty =0

D)t>0,u=0,0=0 y—>a

Lal [41] cosidered Boundary layer equation for the Laminar flow past a porous vertical

wall for free convection, when suction velocity is an oscillatory function.

(3.2) OSCILLATORY FLOW PROBLEM

The combined buoyancy of Thermal & mass magnetic flow confined between two
parallel plates moving in opposite directions while one plate is oscillatory about a constant

mean and the temperature at the plates change accordingly to the law

it
T =Ts'+(Tw'-Ts') (1—6[9' ) has been examined. A sort of solution has been

developed and analysed in details. We have considered the two dimensional unsteady flow of
an incompressible viscous fluid between two parallel plates moving in opposite directions. Let
X" axis be chosen along an infinite flat plate moving vertically upwards and y' axis also moving.
Bo is the constant magnetic field in a transverse direction so that the induced magnetic field is

negligible. The governing equations are as follows [87].
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ou’ ou'
3.2.1 +V' = T-T" )+
1 BZUI
gﬂ*(c'—cs‘)+v82lj -0 —-
1
522) ov' _ op'
ot oy'

oT'  oT'  K' 8T v (au)
(3.2.3) +V = —+
atl ayl ple 1 ayl Cp' ayl

1 1 2 Al
oC +V,ac _ Da c2
atl ayl 5yl

(3.2.5) N =0
oy'

(3.2.4)

"l ).The BCs are given as follows :

Intergrating 3.25) V'=V', (1+e
326) u'=U' ,v=Vv [L+&""),T'=T",
C'=C', aty'=0
@27 u'=-U, =+u (e" +e""),
T'=T" +T -T)1+e"")
C'=C_+(C —-C)(1+e&""),

Vi=v, (1+ ") aty'=d
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Where p' is the density, V' is the kinematic viscosity, O is the electrical conductivity,

ﬂ the coefficient of volume expansion, ,B coefficient of thermal expansion with

concentration, c' the specific heat of liquid, By is the magnetic field component.

Substituting non-dimensional variables :-

(3.2.8) n:y'v—o,m:%,t=£,
V V 4y
4v o' u' V' T'—T'S
0 = 2 U= |V:_ = ]
V, U, V,, T'o-T"
. 'C. C
8 — C CS ,Pr:/,l p’SC:l’
C -C K' D
v _wgp(T,-T)
C;)(T'w—T'S )’ i
i el 2
C:Vgﬂ (Ca) CO)andM:GOY
Clp (le_Tls) pIVO

Making use of (3.2.1), (3.2.7) and (3.2.8), also assuming that —p' is small in Boundary

layer, we shall get.

3290 (@) n=0, u=1l @& =1 6=0
(b) h=m, u=(e"".&")

0=—(1+e'")and 6 = —-(1+e")
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ou

1
3.2.10 a)——
32100 (a) 1 ot

+a_u(1+ gAe'") =
on

o°u

Gro+Gel +—
on

—M“?u,

) 90 p %%, ey =
u ot on

2 2
70, pef 2
on on

5. 96"
u ot

(c) +S_(1+Ae'™).

In order to solve above equations for velocity, temperature, concentration distribution in

the neighbourhood of plate, we assume
@211 (Q)um,t) =u,(m)+ee”u, ()
(D) 6(n,t) = 6, () + £6; (17)e™

()6 (1,1) = 6, (17) + &6, (m)e™”

Substituting (3.2.11) in (3.2.9) and (3.2.10) and neglecting terms of e€Z and higher powers,

we obtain

d°u_ du
3212 (a) d7720 _ d7; ~MU, =
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~G,0,-G.6,

2
N YT
4

(b)

dp®  dpy
_G,0,-G.g + Al
dn
(C)d 920_ rdeo __pE du,
dr d7 dry
2
@y, d%6,_p 46 _lopy p %
dn 4 dn
—2PrEdu°du1
dndn
) .
©°% %55 <o
d7 d7

(f)d (921 _Scdé’l _Scla)¢91 :Scdﬁo
dn dn 4 dn

3213 (a) n=0, u,=1u, =0,
0,=0, 6,=0, 60=1 6.=0,
(b)n=m, u

0

0 =-1 0=-1
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00 =-16"=-1,
(3.2.12) on account of (3.2.13) yields

* 1+ escm _265077
3214) O, = o 1

(3.2.15) H; = ,A‘leom7 + Azeazﬂ + Azea377

S, +./S2 +iwS,
2

Where a, =

S, —/S? +iaS,
- 2

&,

e (8AS, +im)—iw—8S Ae""
ia)(eScm _1)(ea2m _ealm)

_ 8ASc™™ —e*"(BAS, +iu) +iw
ia)(eScm _l)(eaZm _ealm)

~ 8S.A
iw(e™" —1)

Now from (3.2.12) (a), (f) and (3.2.14), we get :

d°u, du,
dn® dpy

(3.2.16) M?u, =

1_|_ eScm . 2628077
eScm _1

~G.6, -G,

(3.2.16) and (3.2.12) (a) is reduced to

475
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d°u,
dn’

8217 6, = —Gi(GCHg +

_ du,
dn

—M*u,)

Thus finally, we get from (3.2.17) and (3.2.12) (c) :

d4U d3u dzu
sz QR) R M)
+ PrM 2 duO L PrEGr duo
dry dn
_(Ge2S? +2G,P.S,)e™”
e’c" —1

We shall deal a particular case when S; has numberical value equal to M and also we

take :
(-M*+PM?-PEG.M?)(e"" -1)
(3.2.19) > =1
(G.2M? + 2P G,
Therefore, we obtain
e™PE
0 ;T
P 2M —4M
e™ (PM-M*)-PE+PEE™
(PM-M?*)1-e"™")
where
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PE
A, = =
P 2M —4M

(PM -M?—-PE+PEe™)
(PM—M?)1-e")

A

A = PEC"™ —PM +M?+Pe™E
(PM—M?)L-e"")

(32220 U, =e""

Substituting (3.2.15), (3.2.20) and (3.2.21), we obtain :

, .
5222 d u21 ~ Adu1 BLICCRY 2, = G0 -
dn dn 4
G, (Ae™ + Ae™™ +
Ae*")+ AMe™
and
2
(3.2.23) d%—R@%4wR@
dn dn
Pr(A,Me*" + APe™)
_2p EMet 3
dr
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Let us take

1—-e™
(3.2.24) U, = m

From (3.2.19) and (3.2.23) after using boundary conditions, we get

(3.2.25) 91 = AGeZMU _A7€P”7 4+ ABea?ny n

A‘geamy

P+ P +iaP

Where a, 5
P—. /P +iaP
and a, = 5

2P MA, (6""—1) + 2P.EM?
(€"" —1)(4M? —2P M —i®

3226 A =

A= AP
lw
AGeZMm _A7eprm +A7ea4m _|_A6ea2m

AB — e0{4m _eaSm

Ag _ e053m(A6 —A7)—A6€2Mm +A7ePrm _1

adm a3m
e —e
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Provided

G Ae™ +G Ae™ |
—AG e””

A P(1-e")+ M+ (" -1 -G, Ae™"

(1- Me"") -G, Ae™
_GCAZeaZU
—Ae”

Substituting (3.2.14), (3.2.15), (3.2.20), (3.2.21), (3.2.24), (3.2.25) in (3.2.11) yields.

6eiwt (1_eM77

3227 (2) u=e"" +
( ) eMm __1

(b) 0=Ae™ +Ae™ +A +e"
X (Ae™ — Ae™ +
AgeaSU +A9ea417)

1+e>" —2e>"
eScm _1

(Alealn _I_Azeazn +A3es"'”)

Sking friction in non dimensional from is given by -

(3.2.28) Q:—(ﬁ—uj :M(1+ iin )j
on ), e -1

or

+ 6eia)t

(c) 0 =
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(b)QzM(l aCoswt)j Mi&Sinot

-1 e"" —1
or

Mgf

(c) Q=M+ (Cos(a)t 45))

(d) Q=r_+BCos(at+w,)

where T is the mean skin friction equal to M.

and

Me~/2

B=— %
e™ —1

is amplitude of skin friction.
The phase angle ¢v, of sking friction =0

The rate of heat transfer of the plate is

Q= —(%J =—(2MA, +
on ).,

AP+ A2M-AP +Aa, +a,A)
Q=[R(A-PF)-
2M (A e +

A4 - A8a4A9)]
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3.3 CONCLUSION

Thus we have seen that the solution of the equation of motion originated is soluable. We
have obtained value of rate of heat transfer of the plate as well as skin friction parameters. If we

neglect the oscillatory terms then the above problem gives results similar to Soundelgaker [87].
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