Inverse and direct cascades in rotating turbulence
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(Fast-3D) Inertial Waves

This equation is satisfied by plane waves of the form:

Za’:t k / h:|: k) 1k-x Zwi(k:)t

eigenvector of the curl operator: dispersion relation:
. k.

Inertial waves are intrinsically helical

A rotating flow = 2D3C (k, = 0,w+ =0) + 3D helical (k. # 0,w+ # 0)
Slow-2D manifold Fast-3D manifold
“geostrophic” flow “non-geostrophic” flow
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HELICAL-FOURIER DECOMPOSITION
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u(k) =u"(k)h' (k) +u (k)h (k)

ik x h* = +kh*

d 5
!—u"*{k}—k vk-u't(k)= E 2 SxnialS;P—8,4)

i k+p+q=0 g

X[u'r(p)ue(q)]*.

B =3 [ut (k) + u (k)%
H =Y k(jut (k)2 = [u™ (k)[?).




{E = 3 lut (k)2 + [u (K)[2;

H =37 k(ju* (k) = [u™ (k)[?).




{ = lut (k) |2+|u>?ﬁ
H =Y, k(lu* (k)2 2).




HOMOCHIRAL 3D NAVIER STOKES EQS.
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FULL 3D NAVIER STOKES EQS.

gt =P Zl[u”2 X @]+ vAu" —au® + £,
57,53
A. Alexakis JFM 812, 752(2017)
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- ONLY 2D3C SLOW-MANIFOLD DYNAMICS (AND VARIATIONS THEREOF) [1]

- ONLY 3D FAST-MANIFOLD [2,3]

[1] L.B., M Buzzicotti, M Linkmann Physics of Fluids 29(11),111101 (2017)

[2] M. Buzzicotti, P. Clark di Leoni, L.B. Eur.Phys.J. E41:131(2018)

[3]T. Le Reun, B. Favier, A.J. Barker, M Le Bars.PRL 119 034502, (2017)
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Out-of-equilibrium flux-loop cascade

M. Buzzicotti, P. Clark di Leoni, L.B. Eur.Phys.J. E41:131(2018)



u(x,y,t)

‘ 2D3C SLOW-MANIFOLD ONLY \

P three components

————» constant in the z-direction u?P =

Ou? = —(u?P - V)u?® — VP + vAu?P
0,0 = —(uP V)0 + Al
V-u =0

physical space:

L.B, M. Buzzicotti and M. LinkmannPoF 29,111101(2017)
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FROM 2D TO 3D BY SUPERPOSING 2D3C PLANES

3Planes k.

Main properties:

three-dimensionality

I isotropy
L under discrete rotations

;/:




1Plane & 1Plane #-4
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FROM 2D TO 3D BY SUPERPOSING 2D3C PLANES

3Planes k.
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Stationary state with
no large-scale friction
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CONCLUSIONS

Qaasi 20 wirbulence ~ 3D lsoiropic tarbubence

Wanve furilenoe
Kiov = [ 2

Ko | Ko = | R 1

Imertial waves

Godeferd & Moisy App, Mech. Rev. 2015

- PHASE-SPACE OF ROTATING TURBULENCE IS HIGHLY NON-TRIVIAL (Ro, Re, H, K¢y ((ing, €tC...)

- MORE THAN ONE ENERGY-TRANSFER MECHANISM ACTING IN THE SYSTEM (FLUX LOOP)

- FOURIER vs CONFIGURATIONAL SPACE DICHOTOMY: CAN WE IDENTIFY THE
DEGREES-OF-FREEDOM THAT DEFINE THE TURBULENT BACKBONE?

: p M s .-I - - - i = = g il 1 3 |
azzino, L.B. Inferring flow parameters and turbulent configuration with physics-informed data-assimilation and
spectral nudging. Physical Review Fluids 3 (10), 104604 (2018)

P. Clark Di Leoni, A. M
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