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Abstract

In this research, the vortices are used in the heat exchange between fluids, relying on
previous studies which indicated that the vortex flow causes a sharp increase in the heat
transfer rate. This means that the area needed for heat exchange surface is in this case
smaller than that of the non-vortex flow. Hence, a heat exchanger is constructed from three
smooth concentric cylinders of different size, the inner of which is rotatable, whereas the
others are fixed. On the other hand, the inner and the outer cylinders are adiabatic whereas
the middle cylinder which corresponds to the fluids heat exchange surface is made of very
high thermal conductivity metal as the Aluminum.

Water and air are used here as the heat exchange fluids .A Taylor vortex flow is
induced in the hot water at (80°C) occupying the annulus between the inner and the middle
cylinders by rotating the inner cylinder to or above a certain speed limit of 65 RPM which
corresponds to the critical Taylor number of 1.162E4, as the inner cylinder speed was
varied from 0 to 80 RPM. Mean while, a swirl is generated in the cold air (at room
temperature) within the annulus between the middle and the outer cylinders by drawing the
outside air into the annulus through eight uniformly distributed longitudinal slots of 1.5
mm width, cut in the outer cylinder wall so that they penetrate tangential to its inner
surface as shown in the section given in Figure (2).

In this work, a counter flow mode for fluids is used with Re of 2135 for water and a
variable Re for air, of which the value 8760 results in optimum exchanger performance.
The results indicated that the exchanger effectiveness varies with length of the swirl
generating slots to reach its maximum value at slot relative length of 0.468. The results
have also shown that the effectiveness increases with inner cylinder speed and Taylor
number from 47% at speed 0 and Taylor number 0 to 50% at speed 80 RPM and Taylor
number 1.76E4. They also show the superiority of performance of the exchanger under
investigation on the standard counter flow heat exchanger designed according to the
international specifications, when the effectiveness of the two cases are compared together.
This suggests that with a heat exchanger of the type used in this investigation a smaller
area for the heat exchange surface can be used for a specific application, indicating that
the vortex generation in the heat exchanger is a successful means to get the heat exchange
surface reduced.

It is then worthy to mention that the investigation is proceeding to achieve the
performance curves of this new exchanger under different conditions of fluids flow rate,
inner cylinder speed and exchanger dimensions, for fluids counter flow and parallel flow
modes.
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