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Dirac delta
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Eigenvalues
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- A_Tand A_2 are relatively very small.
— corresponding to zero eigenvalues.

20



Eigenvector 1 and 2
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- Parabolic shape.

- Corresponding to linear combinations of
energy and enstrophy.



Eigenvector 3
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- An anisotropic structure appears near the origin.
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Experimental setup 1

- Governing equation

- non-dimensionalized CHM eq. + hyper viscosity

O o, o9 00 0VOVH OvOIVH N i
—(VZ) — a2)) +43 - = (=1)PHly, V2rty,
ot (V e L)+" dx - dr dy  Jdy Or (=) v v
(Freely decaying turbulence) p=>5
v, = 1.0 X 10-18
Domain S

-2t X2, double preodic

* Discretization
- Space : Spectral method (KT=85)

- Time : Classical 4th order Runge-Kutta
AT=8x10""
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Experimental setup 2
- |n|t|a| COndItIOn (initial vorticity field)

- random vorticity (V2y ) field el e
- peak of 1D energy spectrum at Ko=15

- (kinetic energy) = 0.5
(= RMS velocity : U=1)

- Parameters RPNl U B
X a=1/r %
% B8=200 (run1).450 (run2)

v

- Rhines wave number

[ ﬁ : 10 (run1) < Ko
7 V2U 115 (run2) =Ko
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run1 (Kg=10) run2 (Kg=15)

ll_g 1005 T LI B B T -----_g
= E t=0 =

—TT T —
t=30 t:2 t=0

1D
energy
spectra

(t=0,2,30)

Vorticity
field
(t=30)




¢ = Zk JkEK

List of quantities
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where
fx
energy 1
enstrophy ’k’2 S R
zonostrophy — {am-ml l““ _ ’E‘”‘@}] aretan | T ;;\/51] }

Wik

k|2 k|2

third invariant

solution of the minimization problem

a hon-conserved
quantity

1
k|? + a?
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- The conservation property of third invariant is
comparable to that of zonostrophy.
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- Distribution of 1D energy spectrum

) g Ko=1

VE/Ko+/KoJK G =18

K =Vk+ 12

E}{ oC

- Coefficient of third invariant

% truncation wavenumber : Kt=42

meridional wave number : |

—40 -20 0 20 40
zonal wave number : k
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