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Hyperviscous equations

Burgers  Oiv +v0,v = — ke 2 (—0%)
u>0, ks>0, a=dissipativity, Here o > 1.

N-S o, v+v-Vv=—-Vp— ukG_QO‘(—VZ)O‘fv, V-v=0

Dissipation rate ,u(k/ke)m% 0 or oo when @ — o0

Abstract form 9,0 = B(v,v) + L,v

Galerkin truncation 9,4 = P, B(u,u), Uy = P, Vg

Projector P, .: low-pass filter at wavenumber k¢




Large dissipativity limit and thermalization

For @ — oo, and fixed pand kg, the solution of the hyperdissipative equations

tend to the solution of the Galerkin-truncated equations

$ We may regard this as the introduction of infinite damping
(infinite resistance) for the degrees of freedom removed.

True for: Burgers, Navier-Stokes, MHD, DIA and EDQNM.
False for: MRCM and resonant wave interaction theory.

Galerkin-truncation = thermalization (Lee, 1952; Hopf, 1952; Kraichnan, 1958)

Galerkin-truncated Burgers first studied by Majda and Timofeyev 2000
Galerkin-truncated 3D incompressible Euler first studied at high resolution by Cichowlas, Bonaiti, Debbasch
and Brachet 2005
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Cichowlas et al. (2005) “reproduced” by Bos and Bertoglio(2006) with EDQNM




Eddy-Damped Quasi-Normal Markovian
spectrum

(2 4 20k?) E(k,t) =

Ia, dpdqbipeb(k,p,q)-=E(q,t) [kK*E(p,t) — p*E(k,1)]

“QN” --- ChOU( | 940), Millionshtchikov( 194 | )I realizability problem
“N” --- Lee (|952), HOpf( | 952) statistics of absolute equilibria of truncated Euler

DIA (Kraich nan): tractability problem
“ED”,“M” --- Orszag(1970, 1977)




4 6

10 10

K
Hyperviscous EDQNM:
convergence to Galerkin truncation and secondary bottleneck ...




Bottleneck, thermalization, depletion of intermittency,
etc

@ Llarge (¥ produces a huge thermalized bottleneck

The standard ¢ = 1 bottleneck may be viewed as an aborted thermalization

Kaneda et al. 2003 (Earth
Simulator). Compensated energy
spectrum

R,=471 /

sl 1 Ll
0.001 0.01
kn

@ Thermalization is accompanied by Gaussianization and isotropization

@ Spurious effects are expected: depletion of intermittency and isotropization




Hyperviscosity and Galerkin truncation for the
Burgers equation

Opv 4+ V0,V = — ke *“(—0%) %

>0, kg>0, o= dissipativity




Hyperviscous and Galerkin-truncated Burgers

Burgers equation with random initial condition

uo(x) = sinx + sin(2z + ¢)

Burgers
resolution 2

¢ uniformly distributed in [—7T, 7T]

Energy spectrum averaged over 20 realizations

a =1000

hyperviscous
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log(k) Galerkin-truncated Burgers first studied by Majda and Timofeyev 2000
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Evolution of Galerkin-truncated |
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The shock acts as a black hole
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Are these genuine shocks?! Mathematical question:
do the solutions of the inviscid truncated Burgers eq.
converge to the “entropy solution” when ko — 00 ?




