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This paper considers th: unsteady laminar free convection flow of viscous incom- \
pressible and conducting fluid past a vertical infinite flat plate whose temperature varies as
some powers of time 1n the presence of a constant horizontal magnetic field.

INTRODUCTION

Gupta (1900) using the method of characteristic has studied the effect
of a constant horizontal magnetic field on two dimensional unsteady
laminar {rce convection flow past a vertical infinite flat plate for a stepwise
change n the surface temperature, The purpose of this paper is to present
analytical solutions for the same problem when the wall temperature varies
as some powers of time, '

Basic EQuaTiONS
Let us assume that the origin of the coordinate system 1s at the lowest
pont of a flat plate, the %-axis bemng along the plate vertically upwards
and the j—axis perpendicular to 1t. A uniform magnetic field of
strength 71, is apphed perpendicular to the plate. Under this condition
considering an mfinte vertical plate, the unsteady hydromagnetic laminar
free convection boundary-layer equations may be written as :

ou 0%

5~ g =0—m, (1)
0 1 9% -

H=Proap w(d)

where

y=jL,t =L, u=aLly, o)
0 = B} (T — T 0%, m =oBiL2]p,

where i is the time variable, 2, the velocity component along the plate,
T, the temperature variable, T, the ambient temperature, L, the characte-
ristic length, B,=p,H,, the magnetic induction, », the kinematic viscosity
#4, the mapnetic permeability, p, the density, g, the acceleration due t0
gtavity, o, the electrical conductivity, Pr, the Prandtle number, f, the
coefficient of volumetric expansion and m, the hydromagnetic parameter.
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Equations (1) and (2) are to be solved with the following initial and
boundary conditions :

u(0;t) =u (o) =0(et)=0,
0(0f) =6,(t)=0at,

%(y0)=0(y0)=0,

O]
where 0, is the prescribed value of 8 at the surface, @, an arbitrary
constant and <, any positive integer.

In (1) 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 effect of polarization of 1onized fluid 1s neghgible, 1t can be assumed
that the induced electric field is zero.

SOLUTION OF THE GOVERNING EQUATIONS

For small values of mt and for Pr=1 (it is a case frequently
encountered in practical problems) we assume that the solution of the
equations (1) and (2) is (Singh 1964) :

0= at<f(n), u = aght=+1 3 _ful) (mey, .5)

where 7=y/2t1/®. Substituting (5) into (1) and (2) we get the equations :
L' +2nf' — 4= =0, ...(6)
[ 420 =4+ 1) fo=~4L, (D
R+ 1 —4(<+2) hi=4/, (8)
1"+ 20fy —4(+3) fo=4f; . 9)

where primes denote differentitation with respect to 7. The corresponding
boundary conditions of (6) — (9) are :

{0)=1,{=)=0, }
Fo(0) =fal=)=0 (n20).
Case (3) : « = 0 ( step change in the surface temperature). The equa-
tion (6) becomes :
U+l =0 (1)
Solution of (11) satisfying the boundary conditions (10) is given by
(Carslaw & Jaeger 1948) :

{n=1- ‘—/z'wz.sﬂe“’ de=erf.n «(12)

...(10)

Now, the equation (7) becomes :
fo + fy — 4, = — erfn. w(13)
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We now focus attention upon cquation (13).  We shall seek a partic
cular solution of equation (13) by writing :

foo () = X (o) exfey -+ T, ..(14)
where the functions X(5) and Y(2)) ?~fired by equations
X'+ W& —4Y -4,
N R O } .(15)
are !
X() = — 1, T) = \/27 g {16) \
Two particular solutions of homogencous equation (13) are : \
Falt) =142, L= - (42) oo )
The general solution of (13) 1s :
) oo |1 , 2 .
= ARG (28 et - 7 nﬂ"’]
2 2
—Wreafo+—= e, (18
Va 0

To determine the constauts ¢, and 'y we shall make use of the
boundary conditions (10). We have ¢; = C; =0 and therefore (18)
becomes : .,

fon) = = Dt erfon + \/%; e, -(19)

The solutions of the equations (8) and (9) will be determined in the

same way as the solution of cquation (13) and have the following form :
2
Siln) = — i wterfon 4 ﬁﬂz B = e, l

fln) = — :—5 P enfen + 4-537;- ( = - % Ul )E'“2 l

Case (i) : «1s any positive wteger. In this case the solutions of the
equations (6) — (9) satisfying the boundary conditions (10) are ( Pop 1967,
1968 )

U(n) = 2D («+1)guu),

Jolm) = 2D (X1)guln) — 224 0P (4 2) gy (1),

Jiln) = 24 OD( 4 2) g4 (m) -+ 2547 D 41)gu(n) .21

— 2HT( 4 3)gy o),
Sl = 1[3 [2%70(« F1)gu(n) — 2243 1(<4 4)usa(n)]
+ 20 43)upaln) = 2% DA+ 2)gupa(n),

..(20)
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where I is the symbol of the gamma function and
21/2-a 9
Juln) = ——= e7112" D_y_au(mV/ 2), ...(22)
Va
D_i_3«(nV/2) being the parabolic-cylinder function of order —1—2x,

for « 20 (Whittaker & Watson 1927), The properties of the function
7. (1) have already been discussed in detail by Watson (1953).

07
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Figure 1. The variation of the ratio 7,/r, with mt,

Now, we can calculate the skin {riction at the plate. Thus,

o= #( du ) _ 9fp gz | £0)4£,(0) (mi)
ay y=0 1

+150) (. :' (23)

Inthe absence of magnetic field the local skin friction at the plate is
given by :

7= f[!’f)’ g2y 12 £7(0), we(24)

Considering (21) the ratio of the skin fiiction with and without the
hydromagnetic interactions is given by :

Tw 1 mi 1 mi )2

=1 e — —_———— — 4+ ...(25)
" 2(~c+3/2)( 2 )+ Ter 35 ( 2

The skin friction ratio 7,7, is plotted against m¢ in figure 1 for <=0,
Land 2. It is clear that the effect of magnetic field is to decrease the skin

fiction, It is further noted that the skin friction increases when «
increases, S
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