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Abstract

Heat Transfer with periodic fluctuation of fluid temperature caused by oscillatory flow or
compression/expansion can be out of phase with bulk fluid-wall temperature difference. Newton’s
law of convection is inadequate to describe this phenomenon. In order to solve this problem, the
concept of the complex Nusselt number has been introduced by several researchers. The complex
Nusselt number expresses out of phase excellently while the first harmonic is dominant in the
variations of both fluid-wall temperature difference and heat flux. However, in the case of
oscillatory flow with non-linear wall temperature distribution, the complex Nusselt number is not
appropriate to predict the heat transfer phenomena since the higher order harmonic components
appear in periodic temperature variation. Analytic solutions to the heat transfer with an
sinusoidal wall temperature distribution were obtained to investigate the effect of non-linear wall
temperature distribution. A new formula considering the thermal boundary layer was suggested
based on the solutions. A comparison was also made with the complex Nusselt number. It was
verified that the new formula describes well the heat transfer of oscillating flow even if the first

harmonic component is not dominant in the fluid-wall temperature difference.
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the convection within thermal boundary layer
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