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Summary

Title: Computational study of the unsteady pressure around a 3D circular cylinder un-

dergoing forced motion
Author: Martina Lomele

Abstract: The aim of this project is to provide a first analysis of the unsteady
pressure evolution around a circular cylinder forced to oscillate with certain frequencies
and amplitudes, which allow the body to reach the lock-in condition.

In the first place, it was supposed to be conducted as a fully experimental project, based
at Duke University. However, due to the impact of the COVID-19 pandemic, the ongoing
experimental work had to prematurely end and a computational project was preferred

instead.
Both the experimental and the computational results are presented throughout this

thesis. Nevertheless, while, in the experimental part, only the test rig design could be
completed, the computational part reached the prefixed target.

After a first analysis of the best numerical model able to accurately describe the flow
around a 3D circular cylinder at high Reynolds numbers, validated using some empirical
data obtained during a VIV experiment conducted in the University of Liége wind tunnel,
the study of the unsteady pressure around the modeled body is performed.

Main focus is given to the variation of the unsteady lift and pressure coefficient while the
cylinder is forced to oscillate at different frequencies and amplitudes transversely to the
flow at Re = 2.9 - 10*. The effects of the variation in the imposed motion characteristics
(frequency and amplitude) are discussed showing the region where the lock-in condition
is reached, as well as its impact on the time-varying lift and pressure coefficient.
Finally, a comparison between the 3D results of this study and the 2D ones, obtained by
Oier Jauntsarats Sacedo!, is presented and the main similarities highlighted.

All the computational experiments are conducted in ANSYS FLUENT 2019 R2 by
means of the Duke University SCIENTIFIC LINUX 6.7 CLUSTER, using 60 cores.
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Figure : Variations in the amplitude of the main frequency contents in the Fast Fourier

Transform of the pressure coefficient around the cylinder’s mid-span section
at Re =2.9-10% locked (left) and unlocked (right) case
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