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MOTIVATION:

WHAT DO WE KNOW ABOUT THE DIRECTION(S) AND INTENSITY(IES) OF THE TURBULENT ENERGY TRANSFER?

3D HOMOGENEOUS AND ISOTROPIC
FORWARD ENERGY CASCADE

E(k) ~ k53




MOTIVATION:

E(k) ~ L—5/3 PURELY 2D HOMOGENEOUS AND ISOTROPIC
BACKWARD ENERGY CASCADE:
-SAME SPECTRUM
[ —— -DIFFERENT SIGN OF THE FLUX




MOTIVATION:

WHAT DO WE KNOW ABOUT THE DIRECTION(S) AND INTENSITY(IES) OF THE TURBULENT ENERGY TRANSFER?

3D HOMOGENEOUS AND ANISOTROPIC
(ROTATION OR THIN LAYERS)

SPLIT ENERGY CASCADE:

- FLUX WITH TWO SIGNS IN TWO RANGES




MOTIVATION:

WHAT DO WE KNOW ABOUT THE DIRECTION(S) AND INTENSITY(IES) OF THE TURBULENT ENERGY TRANSFER?

SPLIT + BIDIRECTIONAL
CASCADE:
- FLUX WITH TWO SIGNS IN THE SAME RANGE




MOTIVATION:

WHAT DO WE KNOW ABOUT THE DIRECTION(S) AND INTENSITY(IES) OF THE TURBULENT ENERGY TRANSFER?

SPLIT + FLUX-LOOP ENERGY CASCADE:
- ZERO FLUX BUT OUT-OF-EQUILIBRIUM!




TAKE HOME MESSAGE: NEITHER THE SPECTRUM NOR THE SIGN OF THE ENERGY FLUX ARE
ENOUGH TO CONTROL THE UNDERLYING PHYSICS



DNS OF NAVIER_STOKES EQS IN A ROTATING FRAME (NO BOUNDARIES)

DNS: L. Smith, F. Waleffe, A. Pouquet, P. Mininni, A. Alexakis, S. Chen, G. Eyink ....
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ROSSBY NUMBER ~ NON-LINEAR/ROTATION
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Ro > ROC—> FORWARD ENERGY TRANSFER
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PHYSICS OF FLUIDS VOLUME 11, NUMBER & JUNE 1999

Transfer of energy to two-dimensional large scales in forced, rotating
three-dimensional turbulence
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ouw,+u,-Vu, =-u, -Vu, - VP+vAu, —-au,, +f,, (152)

ou,, +u, - Vo, +2Q¢, xu,, =-u,-Vu, +(,, -Vu, —u, -Vu, )-VP+vAu, +f,,
(153)

3D FAST AND RESONANT WAVES
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Q 2D/3D DECOUPLING:
— OO SPLIT ENERGY TRANSFER

2D: BACKWARD

3D: FORWARD

k“ 0.¢ 61/3165)_/3/{2

3D FAST RESONANT WAVES

3D STRONG
TURBULENCE

v

-

2D SLOW TURBULENCE ]{jzn kJ_
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(1999);S. Galtier PRE 68,015301 (2003).S. Nazarenko Wave Turbulence (Springer 2011); B. Gallet JFM 783,412 (2015)
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ouw,+uw,-Vu, =-u, Vo, —VP+vAu, —au,, +1, (152)

onu,, +u,, -Vu,, +20¢,xu, =-u, -Vu, + @, -Vu, —u, -Vu,)-VP+vAu, +f

(153)
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IS THE 2D CHANNEL THE ONLY ONE AVAILABLE TO TRANSFER ENERGY UP?






TRIADIC INTERACTION IN DECIMATED NAVIER_STOKES EQS

{E = 3 [ut (R)[2 + [u e 2:
H =3, k(jut (k)2 £|3Xk)12).




E =T lut (k) + |
H = Yy h(lu* (R)]? -

L.B., S. Musacchio & F. Toschi Phys. Rev. Lett. 108 164501, (2012); seealso F. Waleffe PoF 4,350 (1992)



FULL 3D NAVIER STOKES EQS.

A. Alexakis JFM 812,752 (2017); G.Sahoo and L.B. Fluid Dyn Res 50,011420(2018)
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COMPARING 2D/3D SLOW/FAST DECOMPOSITION
WITH
FULLY 3D HETERO/HOMOCHIRAL DYNAMICS
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2D/3D SLOW/FAST DECOMPOSITION

total slow k. =0 fast k. #0

0 38 75 11 15 0 38 75 11 15 0 05 1 156 2

ug () + u, ()

g
8
[

We can rewrite the Navier-Stokes
equations for the Slow and Fast
manifolds separately:

(1
8755'“’2 -+ USPS(VP) = —Ug - (us 'vus) —Ug - (Ps [uF 'VUF])
1.1
052 +upPr(Vp) = =ty (u - Vi) =g - (ug - Vi) = (Pfu, - V)

k
N OBK ) =11, (k) + ey (kyt) + 11, (k1)
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2D/3D SLOW/FAST DECOMPOSITION
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3D HOMO-HETEROCHIRAL DECOMPOSITION

Homo-chiral flux

HO _ — - . +\,,+
"% (k) = g u, E (ik - uf)ug
k| <k p+q=k

Hetero-chiral flux

T (k) = II(k) — II"© (k)

HELICAL TRIADIC INTERACTION IN THE NAVIER_STOKES EQS
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REMOVING THE 2D DYNAMICS

i " 1, ifkek
v(z,t) = Pu(e,t) =) e*Tpalk,t), = {0 ;f ke kii
k ’ ’

v =P[-Vp—(v-Vv)]| -22 xv+vAv+ Pf
V =0 =,

A) Without 2D: No rotation  B) Without 2D: Strong rotation  C) Full system: Strong rotation
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WITHOUT2D Q = 0
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FLUX-LOOP CASCADE: ZERO FLUX BUT OUT-OF-EQUILIBRIUM
WITHOUT 2D HIGH ()
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ROTATING TURBULENCE IS THE RESULT OF A COMPLICATED AND INTRICATED
DYNAMICAL INTERACTIONDS AMONG 3D FAST WAVES AND 2D AND 3D TURBULENT MODES

BOTH 2D MODES AND SOME (HOMOCHIRAL) 3D MODES CAN TRANSFER ENERGY
BACKWARD.

A DESCRIPTION BASED ON A SIMPLE (LINEAR) SUPERPOSITION OF 2D INVERSE ENERGY
CASCADE PLUS 3D WAVE-TURBULENCE DIRECT-CASCADE MIGHT BE CORRECT ONLY IN

SOME ASYMPTOTIC.
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