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3D Turbulence vs 2D Turbulence

3D Turbulence 2D Turbulence
» Inviscid conserved » Inviscid conserved
quantities: Energy, Helicity quantities: Energy,
» Forward energy cascade Enstrophy (Z = (w?)/2)
» Energy spectrum: » backward energy cascade
E(k) ~ k=5/3 corresponding to enstrophy
cascade

» Energy spectrum:
E(k) ~ k™3
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3D Turbulence 2D Turbulence
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quantities: Energy, Helicity quantities: Energy,
» Forward energy cascade Enstrophy (Z = (w?)/2)
» Energy spectrum: » backward energy cascade
E(k) ~ k=5/3 corresponding to enstrophy
cascade

» Energy spectrum:
E(k) ~ k™3

Rotating turbulence: Energy spectrum E(k) ~ k™ where m ~ —2
(Baroud et.al., PRL 88(11):114501 March 2002)
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Intermittency

Strucure Functions: For [; < [ < L

where

o~ Nl




Intermittency
Strucure Functions: For [; < [ < L

where

In K41 theory: Su (1) ~ (1)Y3

Sp(l) ~ P13 ie. (¢ =p/3



Intermittency continues...
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Shell Model

NSE for incompressible flow:

Owu; + Ujajui =

—0ip + vOj;ju; + f;
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Shell Model

NSE for incompressible flow:

Owu; + ujOju; = —0;p + v0ju; + f; (1)

\l/ Fourier transform

8tui(k) = 7ij/ <6il — %) uj (k')ul(k — k/)dk/ — Z/k’QUZ‘(k) + fz(k) (2)
Degrees of freedom:
N ~ l;?’ ~ Re%/4

A generic shell model:

(0 + vk2) up = kyp(NL)p[u,u] + f (3)



The GOY Shell Model

The evolution equation for the GOY shell model:

d

|:dt + Vkr%:| Up = L(anun+lun+2 + bnun—lun—H + Cnun—lun—2)>’< + fn

where
1. k, = ko2", where kg = 1/16;
2. ap =ky, by = —0kp_1, ¢ = —(1 — )kp—2, where § = 1/2.



The GOY Shell Model

The evolution equation for the GOY shell model:

d
|:dt + Vkr%:| Up = L(anun+lun+2 + bnun—lun—H + Cnun—lun—2)>’< + fn

where
1. k, = ko2", where kg = 1/16;
2. ap =ky, by = —0kp_1, ¢ = —(1 — )kp—2, where § = 1/2.

The GOY shell model for decaying turbulence with rotation strength

d
[dt + Vki} Up, = L(AnUn41Unt2 + bpUn_1Upt1 + Cplln—1Un—2)" — 1QU,.
(4)
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Some Details

Scheme: slaved Adam-Bashforth
Number of shells = 28
Viscosity v = 1078
Timestep 5t = 1074
Initial conditions:
» At large length scales (for n = 1,2), ud =k
> And for n =3 to 28, u® = kp/2e=kn"etln .
where 6,, is a random phase angle distributed uniformly
between 0 and 27.

£/261,9,,,

No. of statistically independent initial configurations = 10000



Two-dimensionalisation of Rotating 3D Turbulence
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Intermittency in Rotating Turbulence

G Vs p G Vsp
- 4
— K413 fit — K41 p/3fit I
H o0 38t 0.0
H o1 H o1
H os 36| FH 05
H 10 H 10
H 20 34| 1 2.0
5.0 5.0
32
3.0
/ 28
// 2.6|




Intermittency in Rotating Turbulence

G Vsp

s
— K413 fit
3st|F 0.0
H o1
30t 0.5
H 10
25| F 2.0
5.0
S 290
15
1.0f
/
0.5] /
/
0.0l
3 0

F(k) =5, (k)/S5 (k)

G Vvsp

K41 'p/3' fit
0.0
0.1
05
1.0
2.0
5.0

IIITITI

Flatness vs k,

0=20
2=5.0
o
10
10° 10 10° 10° 10* 10°




Conclusion

1. Dual scaling is observed in the energy spectrum of rotating
turbulence. The inertial subrange (with no rotation) shrinks as
rotation increases.

2. In first numerical investigation, intermittency does not seem to
have some pattern with rotation strength. This needs to be
understood with advanced models of intermittency.

3. This 2-dimensionalisation effect needs to be tested with energy
flux and enstrophy.
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