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Abstract

The unsteady free convection flow of an electrically conducting fluid past an impulsively started
vertical plate acted on by a uniform transverse magnetic field has been considered. The solutions are
obtained analytically and their natures are shown graphically for different values of the Hartmann number.
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1. Introduction :

The flow past an impulsively started semi-infinite plate was studied by Stewartson
[1,2], Hall[3], Tani and Yu [4] and others. [llingworth {5] solved the Stokes’ problem for a
compressible fluid by the method of successive approximation while Soundalgeker [6]
studied the problem for a vertical plate taking into account the presence of the free
convection currents due to the temperature difference of the plate and fluid. Soundalgeker
[7] also generalized the same problem considering the flow past an impulsively started
vertical plate resulting from the buoyancy forces which arise from the combination of

temperature and species concentration.

In the present paper our object is to consider the unsteady free convection flow of
an electrically conducting fluid past an infinite vertical plate under the action of a uniform
transverse magnetic field. It is assumed that the flow past an impulsively started infinite
plate. The analytical expressions for the velocity, temperature and skin-friction are
obtained and the nature of the velocity distribution are shown graphically for different

values of the Hartmann number.
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2. Formulation of the problem

Let us consider the unsteady free convection flow of a viscous incompressible
conducting fluid past an infinite vertical plate. The x'—axis is taken along the plate and

y' —axis is taken normal to the plate. At time #'> 0, the plate is assumed to be moving

impulsively in the upward direction with constant velocity Uy and the plate temperature is

also raised to 77,. Also it is assumed that a uniform magnetic field By is applied along the

direction of the x' —axis.

Then the flow is governed by the system of equations :
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The initial and boundary conditions are
w'=0T"=T], for y'20, #'<0 »
'=0,T"=T,, at y'=0,
U at y'=0 F50. (3)

u'=0T"=T,, as y' > o,

Here #' is the velocity in x’—direction, ' the time, g the acceleration due to gravity, B the

coefficient of volume expansion, 7" the temperature of the fluid, T, the temperature of the

fluid far away from the plate, 7/ the plate temperature, v the kinematic viscosity, p' the

density, C, the specific heat at constant pressure, K the thermal conductivity. .

On introducing the following non-dimensional quantities
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} = Grashoff number, P = = Prandtl number,

M =§—°-‘i 92 =Hartmann number,
Us N
in equations (1), (2), we get
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and the corresponding initial and boundary conditions are
u=0 6=0 forally=>0,1t<0,

(6)

u=18=1 at y=0
- }»o.

¢)
u=060=0 asy—>ow

3. Solutions

Using Laplace-Transform technique, the solutions of the equations (5) and (6)
subject to the boundary conditions (7) are given by

6 = erfc (NVp), (8)
U= 1/2(1 - —A%) M {2 M1 gpfe(ny — MAJt)
+ M gp o+ MAJT) + Efz erfe(P)

+ T [ Mt M ergi (- M) | ©)

+e2M’anerfc(n + Ml\/;)} ™ {e—Zr;J?mr

erfe(nVP —Jat) + " erfo(pd P+ Ja)}],

where

29



Ind. Jour. Mech. Cont. & Math. Sci., Vol.1 July (2006) Pages 27-31

M*P M?
=y/2Jt, M*="—"—and a =
n=y/ Jt 1 and a Pl
The skin-friction is given by
r=r/pU§=—£u— . (10)
dn o
7=0

Substituting (9) into (10) we get

G 2 1 y| 2G |P
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4. Numerical discussions
The numerical values of the velocity are shown in figure 1 for different values of
the Hartmann number M. For numerical calculation, it is assumed ‘that P=2.0, =0.2,

G~=1.0. From the Figure, we observe that the velocity decreases as M increases.
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