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ABSTRACT

In the present work, natural convection heat transfer through vertical cylindrical
annulus is experimentally investigated. The inner cylinder is heated electrically
with constant heat flux, while the outer one is subjected to ambient air. The out
side Rayleigh number was wvaried between 80 and 1500 throughout this
investigation. The aspect ratio is 50 while the radius ratio is 1.5. The annular
gap 1s provided with helical-wire-coil rings wound around the outer surface of
the inner cylinder as an augmentation device. The helical—wire-coﬂ rings used
are made of copper wire of different wire diameters. The wire is coiled around
rods of different diameters in order to have helical-coils of different outsidé
diameters. The helical-wire-coils are then wounded around the inner cylinder of
the annulus in the form of rings with constant longitudinal distance along the

axis of the annulus (ring pitch).

The effect of coil pitch, ring pitch, coil diameter and wire diameter are
investigated, therefore four groups of experiments are conducted in this work.
In the first group, the effect of coil pitch on the heat transfer rate is studied.
Thecoil pitch 1s ranged from 0.897 to 2.393 mm while the other configuration

parameters are kept constant. The second group of experiments are concerned

1



with the effect of ring pitch on the heat transfer rate, in which the ring pitch was
varied from7.54 to 23.75 mm. The other parameters discussed in this work are
kepf constant. The data collected in the third group of experiments is concerned
with the vanation of coil diameter from 5.2 to 9.6 mm with other configuration
parameters are kept constant. In the fourth group of experiments the effect of
variation of the wire diameter on fhe heat transfer rate is discussed. In this case
the wire diameter was varies from 0.45 to 1.35 mm with other configuration

parameters are kept constant.

'Froni the present experimental work the following conclusions were drawn:

1- The temperature field in the annulus is Muenced by the variation of wire
diameter, coil diameter, coil pitch, ring pitch and heat flux. This results in an
enhancement of heat transfer rate.

2- The use of helical-wire-coil rings on the outer surface of the inner cylinder of
the annulus provokes three modes of heat transfer to act simultaneously to
transfer heat between the inner and outer cylin;:ier of the annulus. The -
convective heat transfer due to the diéturbance caused by the rings the radiative
heat transfer due to the high surface area of the ring compared to the surface

area. of the inmer cylinder (area ratio of as much as 8.87), the high emissivity of

the ring material (¢ = 0.75) and the conductive heat transfer due to contact

between the inner and outer cylinders of the annulus via ring material, and due
to the increase of the effective thermal conductivity of the system.

Im



3- The heat transfer rate increases with the increase of both coil diameter and
wire diameter and decreases with the ring pitch. While it has a peak value in the
cotl pitch range.

4- Relative to the smooth bare annulus without rings on its inéide cylinder, the
use of helical-wire-coil rings has resulted heat transfer enhancement by as much

as 8.25 times.
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