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Local topology of energy transport in isotropic turbulence1

JONAS BOSCHUNG2, CHARLES MENEVEAU, Johns Hopkins University — Sim-
ilar to the velocity vector field, whose tangent (stream) lines represent how fluid
volume (or mass in constant density flows) is transported in the flow, it is of inter-
est to consider the vector field corresponding to the transport of mechanical energy
(Meyers & Meneveau, 2012). The transport includes advection and viscous diffu-
sion. In order to characterize the local topology of this vector field in turbulence, we
examine statistical properties of its gradient field. This energy transport field is not
divergence-free, due to dissipation and unsteady changes of kinetic energy. There-
fore, the first invariant (the trace) of its gradient tensor is not zero, as in compressible
flow. The three invariants PE , QE and RE of the energy transport gradient ten-
sor are analyzed using concepts developed earlier for analysis of compressible flows.
Data from DNS of isotropic turbulence is used, from the JHU database (Li et al.
2008, JoT), as well as other sources. Contracting node-like topology occurs very
frequently, consistent with the dissipative nature of fluid turbulence. Further topo-
logical properties are established based on conditional PDFs of the invariants, and
flow visualizations are used to develop insights into the local structure of the energy
transport vector field
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