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Abstract: Turbulent flows and their modeling have found wide-ranging applications in various fields
such as automobile engineering, drug development, the food industry, wind/tide energy harnessing,
disease diagnosis, and more. However, the features and structures in turbulent flows are in different
scales and often tangled with each other in space, posing significant challenges when it comes to extract
and separate them for the understanding of the underlying mechanisms of turbulent flows. Among these
different features and structures, vortical structures are particularly interesting to the experts, as they
play a crucial role in characterizing important turbulent mechanisms. In this talk, I will provide an
overview of several techniques developed by our research group for the extraction and separation of
vortical structures in different turbulent flows. I will start with a brief introduction of two methods
we proposed to separate large-scale structures. Then, I will focus on our recent work on the extraction
and separation of hairpin vortices from the wall-bounded turbulent shear flow. Hairpin vortices are
believed to be responsible for lifting materials and transporting energy from the bottom boundary
upward. I will conclude the talk by highlighting the remaining challenges in turbulent flow analysis
and visualization.
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