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ABSTRACT

This paper investigates transient effect or, the flow of a thermally

radiating and electrically conducting compressible gas in a rotating medium

bounded by a vertical flat plate. The transience is provoked by a tine

dependent perturbation on a constant plate temperature. The problem

particularly focusses on an optically thick gas and e gas of arbitrary optical

thickness when the difference between the wall and free stream temperatures is

small. Analytical results are possible only for limiting values of time and

these results are discussed quantitatively. Indeed the assumption of small

temperature difference is more appropriate for plates which an.' opufjue rather

than transparent.
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1. INTRODUCTION

Bestman .md Adjepong (1987 a,b) have considered incompressible

and compressible flow of a radiating optically thin gas in hydromagnetic rotating

flow. This is applicable for flow studies past transparent galaxies. As a result of

the extreme complexity of the problem, a simplifying assumption is to consider

an atmosphere in which the steady temperature is uniform. In principle this

temperature exhibits a boundary layer structure and we find it expedient to

consider the other extreme of optically thick gas (opaque galaxy) for this

assumption, and mathematically the assumption holds for the optically thick

case. Thus when the body is other than transparent , the general differential

approximation for radiation together with the assumption of uniform Steady

temperature is more appropriate for description. This forms the central theme for

this study.

In Section 2 the governing equations are presented in

non-dimensional form. In Section 3 the transient solution for small perturbation

is discussed by Laplace transform method. The physical interpretations of these

results are given in Section 4.

4. GOVERNING EQUATIONS

The mathematical statement of the problem corresponds to those

discussed in the two references cited above and the governing equations could be

taken as

CD
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(2)

(3)

(4)

where

on z' = 0

as z'-»°o (5)

The boundary condition on the radiative flux Qr in (5) is that given by Cess

(1966), in which e w is. the eminence cf the wall.

As usual equations (1) - (5) may be more expeditiously tackled by

easting then into non-dimensional form. Thus

(6)

(7)

(8)

subject to
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V 1 on z = 0

as z • (9)

when v a T w and the Prnndtl number P is constant. The only undefined

non-dimensional quantities arc Q and the radiation parameters N and Bg.

These are

For the optically thick case

and the single equation for the temperature is

e = e w on z = o, e -> I as z -> «. (TO)

The steady state form of equation (10) is

for which (P - 1 = Gw, necessarily . If 6 in (10) is now perturbed about 6 = 1,

the transient part then satisfies
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which is standard and so trivial. Therefore if the galaxy is other than transparent,

il is appropriate to consider the full problem of equations (6) - (9) with 9W = 1.

We take up this analysis in the next section.

4. PERTURBATION SOLUTIONS

When 6W = 1, we seek solution to equations (6) - (9) in form of the

following series

*S'1

(11)

The transient flow now satisfies
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(12)

We can take the Laplace transform with respect to time, then denote

the transformed variable by s and place a bar over the transformed functions.

First of all we consider the equation for 9^* and Q ^\ Putting D = d/dz, they

satisfy

6,
• I I

(13)

With
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\W-' - (5

it can be shown that the solutions to (13) are

(14)

(15)

The solutions given by (15) have a branch point at s = 0, and in view of the

complex radicals involved in these equations, anaytical inversion is unforseeable.

We therefore look at limiting values. Thus when s—> «> we have
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while for s —» 0 we get

(16)

tf~.# Ms).

For brevity we have set

(17)

Equations (16) and (17) may now be inverted. The results are

"~(sV)fr ' ^ f c ^ ^VK^-W*)4^1 ' 1}
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and

where for physically realistic values of the parameters of the problem, b > 2a.

Finally following the procedure in Bestman and Adjepong (1987 a,b)

the velocity equation, on applying Laplace transform, could be solved to give

• O

(20)
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4. DISCUSSION

First of all it is worthy of note that all the variables of the problem
have a similar behaviour for small and large values of time.

When t is small 9' ' and q " ' only depend on the radiation

parameter N while the flux Q^' depends on both Bg and N. For large t all

variables now depend on N and BQ.

At small times, the flow variables are proportional to time but when

the time is large these variables now decay exponentially with time. Also at large

times wave propagation is possible when

That is near the plate waves propagate away from the plate, and these waves are

damped off at large distances from the plate. The wave damping being more

pronunced for fl'*' as a result of an additional exponential damping term,
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