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Topological analysis of vortices in decomposed

multiscale flows in a turbulence

Katsuyuki Nakayama
(Aichi Institute of Technology)

Abstract :

The present analysis investigates the topological characteristics of vortices in decomposed flow
scales in turbulent flow. Vortical features are analyzed in an isotropic homogeneous turbulence to
study fundamental features of vortices in different flow scales. The turbulence is analyzed by the
pseudo-spectral method in DNS (Direct Numerical Simulation), and the flow is decomposed into
three types of scales using the band pass filter of the Fourier coefficients. The physical quantities
associated with the vortical flow topology, such as swirlity or symmetry quantity, specify the
vortical regions and detail flow topology. The analysis shows that vortices in respective flow scales
have the similar feature in their topology and relationships between the development/decay of
vortices and their flow symmetry. Vortices have a strong correlation between the intensity of
swirling, i.e., swirlity, and the vortical flow symmetry in the swirl plane, and an intense vortex has
a high flow symmetry. In addition, a vortex develops or decays in terms of swirlity with increase or
decrease of the flow symmetry. These statistical characteristics are independent of the decomposed
flow scales, thus they may be invariant features of vortical flow topology in the isotropic

homogeneous turbulence in low Reynolds number.
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