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Divergence and convergence of inertial particles in high Reynolds
number turbulence1 THIBAULT OUJIA, Aix Marseille Univ, CNRS, Centrale
Marseille, I2M, Marseille, France, KEIGO MATSUDA, Center for Earth Informa-
tion Science and Technology, Japan Agency for Marine-Earth Science and Tech-
nology (JAMSTEC), Yokohama, Japan, KAI SCHNEIDER, Aix Marseille Univ,
CNRS, Centrale Marseille, I2M, Marseille, France — We analyze data from 3D di-
rect numerical simulations of particle-laden homogeneous isotropic turbulence at
high Reynolds number using Voronoi tessellation of the particle positions, consid-
ering different Stokes numbers (St). The divergence of the particle velocity can be
quantified by determining the volume change rate of the Voronoi cells. We show the-
oretically that for random particles in random flow the divergence satisfies a PDF of
the ratio X/Y , where X and Y follow normal and Γ distributions, respectively. For
inertial particles we find that the PDF of the divergence deviates from the theoret-
ical prediction. Joint PDFs of the divergence and the Voronoi cell volume illustrate
that the divergence is most prominent in cluster regions and less pronounced in void
regions. Moreover, the mean value of the divergence becomes negative inside the
cluster regions for St ¡=2, corresponding to convergence of inertial particles, while
for large St the mean value turns to positive values as the Voronoi cell volume be-
comes smaller. Finally, we show that the divergence of the inertial particle velocity
exhibits no correlation with the second invariant of the fluid velocity gradient tensor,
which has some impact for modeling particle laden turbulence.

1This work was granted access to the HPC resources of Aix-Marseille University
financed by the project Equip@Meso (ANR-10-EQPX-29-01) of the program In-
vestissements d’Avenir supervised by the Agence Nationale de la Recherche.
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