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Relations of Near-Wall Streamwise Vortices to Wall Pressure
Fluctuations in a Turbulent Boundary Layer
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Abstract

The relations between wall pressure fluctuations and near-wall streamwise vortices are investigated in
a spatially-developing turbulent boundary layer using the direct numerical simulation. The power spectra
and two-point correlations of wall pressure fluctuations are presented to validate the present simulation.
Emphasis is placed on the identification of the correlation between wall pressure fluctuations and
streamwise vorticities. It is shown that wall pressure fluctuations are directly linked with the upstream
streamwise vortices in the buffer region of the turbulent boundary layer. The maximum correlation
occurs with the spanwise displacement from the location of wall pressure fluctuations. The
conditionally-averaged vorticity field and the quadrant analysis of Reynolds shear stress indicate that the
sweep events due to streamwise vortices generate positive wall pressure fluctuations, while negative
wall pressure fluctuations are created beneath the ejection events and vortex cores. The instantaneous
flow field and time records reveal that the rise of high wall pressure fluctuations coincide with the
passages of the upstream streamwise vortices.
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Fig. 9 Cross-correlation between p, and o . at
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y'=0; (b) at y+=20
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