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Topological and temporal analysis of particle clusters in turbulent
flows using density-based clustering algorithms. ALVARO TOMAS, LAURA
VILLAFANE, University of Illinois at Urbana-Champaign — A novel method for
the identification and temporal tracking of particle clusters in turbulent particle-
laden flows is presented. It makes use of density-based clustering algorithms such as
DBSCAN and OPTICS in order to discern regions of high particle concentrations,
labeled as clusters, from those with lesser particles. The key features of the pro-
posed methodology are its ability for identification and tracking of particle clusters
in 3D and 2D, its robustness to particle number density, the absence of independent
user defined parameters, and its computational efficiency for large data sets. The
flexibility on the data dimensionality, and in part the reduced computational cost,
are rooted on the treatment of 3D particle positions as multiple 2D projections into
equidistant parallel planes. Clustering algorithms are used on each plane to identify
clouds of particles conforming independent clusters, and the topology of each cluster
is then condensed into boundary particles and a limited set of representative internal
particles that define the 2D skeleton. This reduced set of particles is used to recon-
struct 3D topologies and to track the cluster evolution in time at consecutive time
steps. Cluster volume statistics are in good agreement with those obtained using
more traditional Voronoi based analysis, with the new proposed method showing a
significant reduction in computational cost.
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