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Abstract

The fully developed turbulent momentum and heat transfer induced by the roughness elements on
the outer wall surfaces in concentric annuli are analytically studied on the basis of a modified turbu-
lence model. The resulting momentum and heat transfer are discussed in terms of various parame-
ters, such as the radius ratio, the roughness density, Reynolds number, and Prandtl number accord-
ing to the heating condition. The study shows that certain artificial roughness elements may be used
to enhance heat transfer rates with advantage from the overall efficiency point of view.
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