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Abstract. An exact solution is presented for the problem of unsteady natural convective radiating flow in an open-ended
vertical channel. Laplace transform technique is used to obtain the analytical solutions for the velocity and temperature
fields in the optically thin limit case when the channel walls temperature are maintained at different constant
temperatures. The effects of radiation parameter and Grashof number on the flow fields are discussed through graphs. It
is found that the effect of radiation is to decrease the fluid velocity whereas the effect of Grashof number is to increase

the fluid velocity in the vertical channel.
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INTRODUCTION

Natural convection flows in vertical parallel plate
channel attracted the attention of numerous researchers
because of its wide applications in engineering
systems. The typical applications include cooling of
electronic equipment, cooling of nuclear reactors,
crystal growth and solar energy collectors. Transient
free convective flow in a vertical parallel plate channel
heated asymmetrically was investigated analytically by
Singh et al. [1]. The transient free convective flow
between two long vertical parallel plates with a
constant heat flux and constant temperature on the
walls was investigated analytically by Narahari et al.
[2] using the Laplace transform technique. The closed
form solution for transient free convective flow of a
viscous and incompressible fluid in a vertical channel
due to symmetric heating of channel walls was
investigated by Jha et al. [3] using the Laplace
transform technique. Singh and Paul [4] presented a
closed form solution for the transient free convection
flow of a viscous and incompressible fluid between
two long vertical walls as a result of asymmetric
heating or cooling of the walls using the Laplace
transform technique. An exact solution of the unsteady
free convective flow of a viscous incompressible fluid
in a vertical channel with ramped temperature and a
constant temperature on the channel walls was
investigated by Narahari and Raghavan [5]. Recently,
Narahari and Dutta [6] investigated the unsteady free
convection flow and heat transfer in a viscous
incompressible fluid between two long vertical parallel

plates due to linearly varying wall temperature with
time and a constant temperature on the walls. In all the
above mentioned studies thermal radiation effect on
the free convection flow was neglected.

The heat transfer by thermal radiation is important
in high temperature systems and aerospace
applications. An exact solution for the fully-
developed, radiating, laminar convective flow in a
vertical heated channel in the optically thin limit was
obtained by Greif et al. [7]. The effects of thermal
radiation on the combined free and forced convection
flow of an electrically conducting fluid in a vertical
channel was investigated by Gupta and Gupta [8] in
the optically thin limit case. An exact solution of the
transient natural convective Couette flow of a viscous
incompressible optically thick fluid between long
vertical parallel plates with constant heat flux and
constant temperature on walls was presented by
Narahari [9] in the presence of thermal radiation. The
transient free convective flow between long vertical
parallel plates with ramped temperature at one
boundary and the other boundary is maintained at
constant temperature was investigated by Narahari
[10] in the presence of thermal radiation and constant
mass diffusion for optically thick fluids. Recently, the
effect of thermal radiation on free convective unsteady
Couette flow between long vertical parallel plates due
to linearly varying wall temperature with time at one
boundary was investigated by Narahari and Yahya
[11] for optically thick fluids. In the studies [9-11], the
radiation heat flux for optically thick fluids was
modeled using the Rosseland diffusion approximation.
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However, the transient natural convection flow of a
radiating gas in a vertical channel has not been studied
in the optically thin limit.

Therefore, the aim of the present paper is to study
the transient natural convection flow of a radiating gas
in a long vertical parallel plate channel when the
channel walls are at different constant temperatures.
The study is restricted to optically thin fluids and the
exact solution is obtained with the Laplace transform
technique which could then be useful in the analysis of
more general and complex problems.

MATHEMATICAL ANALYSIS

Consider the unsteady viscous incompressible flow
inside a vertical channel formed by two parallel plates
with distance d apart. The x'-axis is taken along the
left plate and the y'-axis is taken normal to the plate.
Initially, the temperature of the two plates (left and
right plates) and the fluid are assumed to be at the
temperature 7. At time ¢’ > 0, the temperature of the
plate at y"'=0 (left plate) is raised to a temperature
T, and the plate at y'=d (right plate) is maintained
at the initial temperature 7, causing the flow of free
convection currents. It is assumed that all the fluid
properties are constant except the density variation
with temperature in the body force term. Then under
the Boussinesq’s approximation, the flow can be

shown to be governed by the following coupled partial
differential equations:
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with the following initial and boundary conditions
1'<0:u'=0,T"=T;, for 0<y <d,
, u'=0,7"=T, a ' =0, 3)
t'>0:
u'=0,T'=T; a y =d.

where u'is fluid velocity, ¢ is time, g is

acceleration due to gravity, [ is thermal expansion
coefficient, 7' is fluid temperature, v is kinematic

viscosity, p is fluid density, C, is specific heat at

constant pressure, k is thermal conductivity and g, is
radiative flux. In the optically thin limit for a non-grey
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gas near equilibrium, Cogley et al. [12] showed that
(7, 8]:

aq,
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where k, is absorption coefficient, e,; is Planck
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function and the subscript w refers to values at the
wall y'=0. Substituting equation (4) into equation
(2), gives
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On introducing the following non-dimensional
quantities
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equations (1), (6) and (3) reduces, respectively, to
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with the initial and boundary conditions
t<0:u=0,0=1 for 0<y<l1,
u=0,0=0 at y=0, (10)
>0:
u=0,0=1 at y=I.

where u is dimensionless velocity, 7 is dimensionless
time, y is dimensionless coordinate axis normal to the

plates, Gr is Grashof number, € is dimensionless
temperature, Pr is Prandtl number and F is radiation
parameter. The coupled linear partial differential
equations (8) and (9) subjected to the initial and
boundary conditions (10) have been solved using the
Laplace transform technique without any restrictions.
The solutions for the velocity and temperature fields
are as follows:
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RESULTS AND DISCUSSION

The numerical results for the velocity and temperature
fields are computed and displayed in Figures 1 to 5 for
various system parameters. The results are computed
for fixed value of the Prandtl number at
Pr=0.71(atmospheric air). The temperature variation
with time is shown in Figure 1. It is observed that the
temperature decreases with increasing time and

approaches to the steady state temperature as the time
progresses.
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FIGURE 1. Temperature profiles at different ¢
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FIGURE 2. Temperature profiles for different '



The temperature variation with radiation parameter
is shown in Figure 2. It can be seen that the
temperature decreases with the increase in radiation
parameter. Therefore, the effect of radiation is to
reduce the influence of natural convection.
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FIGURE 3. Velocity profiles at different ¢
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FIGURE 5. Velocity profiles for different Gr

The velocity variation with time is shown in Figure
3. From this figure it is clear that the velocity
decreases with increasing time and approaches to the
steady state velocity as the time progresses. This is due
to the decrease in temperature with time and thereby
decreases the velocity. The velocity variation is shown
in Figure 4 for different values of the radiation
parameter. It is clear that the velocity decreases with
the increase in radiation parameter. This is due to
reduced natural convection effect with the radiation
parameter. The velocity variation with Grashof
number is shown in Figure 5. It is observed that the
velocity increases with increasing Grashof number.
This is due to increasing buoyancy force with
increasing Grashof number.

CONCLUSIONS

The unsteady natural convection flow of a radiating
gas in a vertical channel is investigated analytically for
the optically thin limit case. Closed form solutions for
the velocity and temperature fields were obtained
using the Laplace transform technique. It is found that
the radiation effect is to decrease the fluid velocity and
temperature in the vertical channel.
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