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Temporal and spatial fluctuations of energy transfer and two-dimensional
structures spontaneously appearing in three-dimensional turbulence
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Small-scale_homogeneous isotropic turbulence, large-scale anisotropic
structures and wave turbulence coexist in general. Various types of heterogeneous coexistence
turbulence are investigated to clarify the relationship between the driving mechanism of structures
in real space and the cascades of invariants in wavenumber space.
The transition of 2-dimensional structures appearing in the equatorial and polar regions has been
clarified for spherical Couette turbulence. An index to identify the boundary wavenumber among
turbulences with different properties has been proposed for 3-dimensional stratified turbulence.
Local-flux vectors to quantitatively investigate anisotropic cascades have been proposed and applied
to the ener%y cascades in 3-dimensional rotating turbulence. The relationship between the
anisotropy of the inverse cascades of energy and zonostrophy and the spontaneously appearing zonal
flows in the triple cascade has also been clarified in Charney-Hasegawa-Mima turbulence.
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