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ABSTRACT

Experimental study was carried out for the steady laminar
natural convection of air in an inclined annulus porous
medium, with constant heat flux heated inner cylinder and an
isothermally cooled outer cylinder. The primary objective of the
study 1is to | show the e‘ffect of ‘the inclination angle of the
~annulus and the porosity on the heat transfer characteristics.
The geornétl_‘ical parameters of the annulus are: diameters of
21/45mm, gab width 6=12mm, length L=492mm, and an
aspect ratio (length/gab widthj A=41. The annulus is filled with
spherical beads of diameters d=6.35,3.97 and 3.11 mm with
porosities of 0.45, 0.43 and 0.42 respectively. The operating
parameters are: generated heat energy 4<Q<324W with heat
flux 0.123<q<11.16kW/m2, Rayleigh number 10<Ra<550 and
inclination angle 0<0<90°.

- This study showed that the behavior of free convection
heat transfer in an inclined porous annulus is completely
different from that in a horizontal or vertical one. The inner
surface temperature increases with the increaée of distance.
from the bottom of the annulus. For high inclination angles
0>45°, high heat ﬂux-q>f2.'5kW/ m?2, input powér Q=81W, a drop
in the local "temperature in the longitudinal direction followed
by an increase is observed near the midsection, indicating the

existence of two cells of flow inside the annulus.

11






For non-vertical annulus, a peak temperature with a
minimum wvalue of local Nusselt number Nu; occur at ¢=150°,
where ¢ is the angular coordinate measured from the bottom
edge of centerline, indicating the occurrence of flow sepafation
near ¢=150°. The peak temperature decreases with the
increase of inclination angle 6 and vanishes at 6=90° making
uniform temperature distribution on the inner wall along the
angular direction. With the increase of inclination angle 0, the
inner cylinder mean temperature t; and maximum temperature
timax decrease indicating the increase of convection part of heat
transfer.. - The conduction fegime occurs for Ra<40. For Ra>40,
mean Nusselt number and the coefficient of heat traﬁsfer h
increase as Ra increases and with the increase of the
inclination angle 8. The existence of the porous media causes a
greet reduction of the inner cylinder wall temperatures. With
the increase of porosity, the conduction heat transfer coefficient
decreases and the convection heat transfer coefficient
increases. Mean Nusselt number Nu increases with the
increase of the porosity and it is -_corr—elated with the inclination

angle, Rayleigh number and Darcy number as follows:

_4 ' - ' . - . -
Nu=1.497+3.18x10 (0.695+sin6)Ra+5.35x10 "Da®5Ra’

1l
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