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Oscillatory  hydromagnetic laminar free convection flow of viscous
incompresible and electrically conducting fluid past a vertical infinite
porous flat plate is studied in the presence of a transverse magnetic
field when the temperature or heat flux at the surface oscillates in
magnitude but not in direction. Expressions for temperature, velocity
and skin-friction are obtained in closed form when the suction velocity
is uniform. Effect of magnetic field on velocity and skin friction is
studied for Prandtl numbers 0.1 and 1.

1. INTRODUCTION

Menold and Yang (1962) have obtained solutions for unsteady free
convection flow of an incompressible fluid past an infinite plate with time-
dependent arbitary surface temperature or heat flux variations. Gupta (1960)
studied the effect of horizontal magnetic field on two-dimensional unsteady
laminar free convection flow past a vertical flat plate undergoing a stepwise
change in temperature. Singh (1964a) discussed the unsteady laminar free
convection flow of an electrically conducting fiuid past a vertical infinite flat
plate in the presence of a constant horizontal magnetic field when the tempera-
ture or heat flux at the surface varies as some power of time. Recently,
Ballabh and Singh (1967) have considered the unsteady free convection flow
of an incompressible fluid past a vertical infinite porous flat plate with time
dependent arbitrary surface temperature or heat flux variations when suction
velocity is uniform.

The object of this paper is to study the effect of a constant horizontal
magnetic field on oscillatory laminat free convection flow of viscous incom-
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pressible and electrically conducting fluid past a vertical infinite porous flat
platc for which the wall temperature or surface heat flux oscillates in magnitude
but not in direction when the suction velocity is uniform. Graphs showing
variations of velocity, temperature, skin friction, rate of heat transfer and
plate temperature difference are plotted for different values of magnetic field
and Prandtl number. It is seen that the effect of magnetic field is to decrease
the velocity and skin friction. Further if the Prandtl number ot the fluid
is increased the effectiveness of magnetic field in reducing the velocity and
skin friction decreases.

Such problems have a wide range of application in the large scale convective
motions of the atmospheric air. Their study may also, be of great interest
and use in the global general circulation with convection in equatorial zone,
subsidence in the horse latitudes, ascent in the polar frontal zones and
subsidence near the poles.

Similar free and forced convection problems have been considered by
Gupta (1962), Singh (1963, 1964 ) and Suryaprakasarao (1962).

2. ANALysIs

With x-axis along the plate and y-axis normal to i, thz time dependent
equations which describe the unsteady hydromagnetic laminar frez convection
flow past a vertical infinite flat plate are

o _
ay = 2.1)
ou ou ___ 0% _ _aB?
*a~t—+z’ -87 v ——a;i +g Bo P - U, (22)
00, 00 _ v 2%
ot oy P, oy® ° (2.3)

Here g is the gravitational acceleration, u the velocity along the plate,
o~ the electrical conductivity of the fluid, p the density, v the kinematic

viscosity, B the expansivity and @ the excess of the local temperature T over

the temperature T, at a large distance from the plate. B, is the magnetic
induction, t the time and P, the Prandtl number.

Fluid property variations have been considered only to the extent of a
density variation which provides a buoyancy force. Viscous dissipation has
been neglected in the energy equation (2.3) because of small velocities usually
encountered in free convection flows. Further since the Joule heating is
usually of the same order as the viscous dissipation, it has been also neglected.
Throughout this paper rationalised MKS units have been used.
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In (2.2), as in Singh (1964a4), it is assumed that the magnetic Reynolds
number is small, so that the induced magnetic field is negligible in comparison
to the imposed magnetic field. Further, since no external electric field is
applied and the cffect of polarisation of ionized fluid is negligible it can be
assumed that the electric field is zero.

Equation (2.1}, on integration, gives » = — V¥V, (constant) where ¥V, (>0)
represents the suction velocity.

Equations (2.2) and (2.3) can now be written as

u ou _  9%u a2 B2

ot Vo gy T g tERI— S 24)
0y ¥ _ v 9%

or ° By P, 3y* (2.5)

The boundary conditions are
u(0,1) = u (oo, 1) =0(00,1)0 )|

0 (0, 1) = 9, () = ae*™? L 2.6
or _ao_a‘%ﬂ =_.£I§_') — _ betvt JI

where, 9§, = Tw ()—T,,and T, (1} is the plate temperature, ¢ (f) is the
prescribed surface heat flux, K the thermal conductivity and a and b are
constants.
3. SoLUTION OF THE EQUATION FOR OSCILLATORY
SURFACE TEMPERATURE VARIATION

It is clearly seen from the energy equation (2.5) that the temperature
is not affected by the magnetic field.

Putting 0 — ae*®t f(n) in (2.5), we get

" ,__ doP, . _
fr+P fl——5— =0 (3.1)
with boundary conditions
fO) =1, f(o) =0 (3.2)
where
_Vay - 4o
7’ - v y Q Vg

and primes denote the diffcrentiation with respect to .

Solution of (3,1) satisfying the boundary conditions (3.2) is given by

f=exp {——% (Py+ JP2+i PrQ)} . (3.3)
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Hence the non-dimensional temperature is given by

] . —

6 =— =exp { {07 —L(P,-+v/PI+iPD) |,
where T=_! &
4y

Taking the real part we get

@=exp {— % ( P, +R, cos ;-)} cos ( QT— _Z— R, sin é‘)

where

R, =P'¢1’ (P?—l—sz“)"}' and y:tan'l( SI)’ ) .

T
Apgain substituting

u= gBa ei®t F ()

w

and 6=ae'*? f (9} in (2.4), we get

" ,-— ._._.(M__+ m—_)_ —_— ——Ail;,
F+F 4 el (3.5)
with boundary conditions
F(O)=F(s)=0 (3.6)
where,
4ve BR
M= =9
pV3
Solution of (3.5) satisfying the boundary conditions (3.6) is given by
Q{M——Z(P,-—l)(l’ﬁ-R; cos? )+i(P, -1) o+ 2R, sinZ-)|
F= . A
. bl _np ogn v
x[exp { 5 (Pf-i-R1 cos 5 )} cxp{ o R sin 5 }
_ B — 0 pogin B
—exp «{ -—2~(1+R, cos )}exp{ 5 Ry sin =5 }] 3.7)
where,

Ry=((1+ My o), petan( 2o )

and
. _ - Y 3 _— v\
A= {M AP, —~1)(P,+ R, cos 2} +(P,—1)2 (9+2R1 sin £ )
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Hence the non-dimensional velocity is given by

@ (9, M)=—ﬁL=F(n) etvT,

gBa
Taking the real part, we get
- ’ Q[ B ) )
P (n, M)= N {M 2(pP, —1) (P,‘+R1 cos -—»2~)}

x {exp {——%(P,—{-Rl cos—;—>} cos (Q T— —g- R, sin %)

- exp {~%—(1+R2 cos é)} cos (QT—-—R sin 777)>

+ (P, —1) (Q+2R1sin 72’ )(exp {— —Z—(H—Rz cos -g—)}

X sin (9 T— IR, Sin% )—exp {—% (PH-R, cos-%- )}

2 2
. n Y
x sin (QT—AVZ—R1 sin 7 )> ] (3.8)
The rate of heat transfer at the plate is given by
— g (1) _ 2
Q(T)= ARV =P, cos @ T+ R, cos [QT+ 5 ] (3.9)

where
q(t)= -k ( %%) y=0

The drag coefficient at the plate is given by

= g = [P (ke 1)

x (R, cOS (QT+~—> —R, cos(.QT+ 5 )—-(P —1)cos QT >

+(Pr=1) [2+2R, sin? )<R1 sinf 0T+ %}—R, sin[QT+ J;_]

+(P,—1) sin QT)] (3.10)
=[],

Figs. 1 and 2 show the variation of dimensionless temperature and

where,

velocity with 7 recpectively for 9T = % and for different values of M and
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P,. The variations of rate of transfer at the plate and skin friction with
T, for different values of P, and M, are shown in figs. 3 and 4 respectively.
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FiG. 3. Rate of heat transfer versus T. FiG. 4. Skin friction versus T,

It is seen that temperature, velocity and skin friction decrease with p,
while the rate of heat transfer at the plate increases. Figs. 2 and 4 show
that the effect of magnetic field is to decrease the velocity and skin friction.



OSCILLATORY HYDROMAGNETIC FREE CONVECTION FLOW 803

Further inspection reveals, that as the Prandtl number increases the
effectiveness of magnetic field in reducing the velocity and skin friction
decreases.

4. SoLUTION OF THE EQUATIONS FOrR OsciLLATORY HEAT FLUX VARIATION

In this case substituting

— q9(n v bv e
il Sl U Y - (“.1)

in equation (2.5) and solving the resulting equation we get

(.- Y
6 exp1 —-( P, +R717 COS, 2—)}

O* = o ZA 7»‘[P, cos(QT— 121 R, sin%r)
1 1
v " in Y
+ R, cos(szT 5 5 R, sin 5 ” (4.2)
where
2bv y )2 .
0, = 7" = _/) 2 2 Y
=y and A, (P,+R1 cos 2| + Rf sin® X 42)
Again substituting
=Y8FP (4 = V088
u=E e (f )@ Ve ¢ F () (4,3)
and
§= Vb_ et@t h(q)
0
in equation (2.4) and solving the resulting equation, we get
&* (1, M)= "“’=Q_[ M—2(P,—1) (P v
(0. M)= e 2o =B [ {M—2P,—1) (Pr 4R, cos 1))

x (Pr+R1 cos%)+R1(P,—l) (Q+2R1 sin-;—) sin &
x {exp {——Z—(P,+R,cos »%)}cos ( oT — g R, sin%)
—exp {—-%(H—R2 cos—z"'i )}cos (QT——’27R2 sin_g ))

+{ (Py—1) (P,+R.1cos % )(Q+2R1 sjn_’.\zi )

— R {M—2P,—1) (P, + Rycos - )} sin -2

12
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™

X {exp {——3—[1+R2 cos —g]} sin [QT-— %Rz sin\—]

2
. . )}
—exp {—g— [P,+R1 cos%]} sin [QT— g R, sin 5 ]) ] (4.4)
The plate temperature difference is given by

* __ Tw(’)*‘ Tm — 1 Y 4.5
o, —-—-—-—.—-—-_A_[P,.COSQT-‘I‘RlCOS[ﬂT 2]] (4.5)

1

The skin friction at the plate is given by

= 7%‘: ;:gs = AQAI {({M—2(P,——1)(P,+R1 cos )}(PT+ R, cos%)

— in?Vsin 7 B
+R,(P, 1)(52}2](1 sm2)5m YOCR, cos(QT+ 2)
— (P,—1)cos oT—R, cos(QT+ %))

+ 6P, —1) (P,+R1' cos %)( Q+ 2R, sin %]

— R, {M—Z(Pr—l)[P, — R, cos %]} sin —3’-) { R, sin [QT+ .g.]

+ (P~ sin OT—R, sin (oT+ £ > ]. (4.6)

The dimensionless temperature ©* and velocity ®* (n, M) are plotted, respec-
tively, in Figs. 5 and 6 for QT = #»/2. Figs. 7 and 8 show the variation
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Fig. 5, Temperature profile versus 7. F1g. 6. Velocity profile versus y.
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of dimensionless plate temperature difference @ * and drag coefficient 4 with
T for =1 and P, = 0.1, 1.
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Fig. 7. Plate temperature difference versus T, Fig. 8. Skin friction versus T.

It is seen that the temperature, velocity, plate temperature difference and
skin friction decrease as P, increases. It is also seen that for any fixed
value of Prandtl number, the velocity and skin friction decrease with magnetic
field, and as Prandtl number increases, effect of magnetic field decreases.
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