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HIGH VELOCITY YON KARMAN STREET VORTEX EXTRACTION

* Segmentation of the vortices and their regions of influence: merge tree based segmentation on local minima of the flow density
* Rotation direction of a vortex: sign of the orthogonal component of the curl of the velocity
* Extraction of the main vortices: persistence diagram [6, 14] of the flow density

e Simulation of compressible turbulent flow

* Direct solver of the Navier-Stokes equations [16], Roe Riemann solver [15], 5t order
WENO scheme [9], 3" order Runge-Kutta algorithm [7]

* Von Karman street, Mach: 0.475 and Reynolds number: 100,000

* Physical time: 8.5 milliseconds

e 15,625 steps with 625 snapshots at a frequency of 75 kHz

e Cartesian grid of 5000x400, 14 GB of data

* Topological Data Analysis [6,12] of simulation data using the Topological ToolKit [13]

 TDA computation time: 215 seconds (Xeon CPU, 2.6 GHz, 2x6 cores).

Goal: understand the pattern and the behavior of the swirling vortices in a high
velocity compressible turbulent flow around a fast moving object
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* |dentification of the vortex starting points [2,4]

 Merge tree based segmentation of a density estimation of the trajectory start points
 Green clockwise vortices: suction region above the cylinder VOZEX EMPOEAL GZOWTH

* Blue counter-clockwise vortices: high pressure region below the cylinder
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* Vortex shedding frequency extracted by TDA confirmed by the theoretical * Evolution of the flow density at the center of the vortices y
expectations [1]: 1,500 Hz  Minima of the density tracked through time: optimal assignment based WHATs NEXT
on the Wasserstein [11] metric between consecutive time steps
TDA provides an appealing analysis support for the
investigation of more complex high velocity compressible
turbulent flows.
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VORTEX SFIRAL MERGING

* \Vortex lateral motion characterization: variation in Y coordinate
* Identification of the two trajectories which maximize their lateral movement
 Detection of a coupled spiral movement and subsequent merging REFERENCES
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