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Widely thought that fluid simulations of plasm
rbul

turbulence were inherently unable to model
important kinetic effects.

Classical Chapman-Enskog closure procedure used by
Braginskii fails for collisionless plasmas and misses kinetic
effects such as Landau damping. (Tmproved oy Chang & Callen)

"When collisions are infrequent, ... (the) heat flow depends on
the detailed nature of the velocity distribution function, and
cannot be determined in any simple way from the macroscopic
(ﬂuidg equations."”

pitzer, Physics of Fully lonized Gases, 1962, p. 25 (see also p. 159).

"A property of Langmuir waves that is predicted by the Vlasov
theory but which is completely outside the scope of fluid theory

is the collisionless damping of electrostatic potentials..."
Krall and Trivelpiece, Principles of Plasma Physics, 1973, p. 386.

" happened to andau damping? One cannot
expect the Landau damping to manifest itself in such a

procedure, a power series expansion in (k vy, / @) , for in the
Landau problem, in this limit, the damping goes as L
1 T €
Im (2) ~ exp(— ) = €

(kvin/ @ )2

i.e., the damping goes to zero faster than any power of
(kvin / @)."
Oberman, Matt-57, Project Matterhorn, Princeton, 1960, p.8.



: : : _1/.2
Paradigm Problem: Approximating e~1/¢
(the Universal Language of Mathematics)

Taylor-series expansion:

flz) = f(0)+zf'(0)+ %$2f”(0) <

- 1
e/ ~ 0 +¢€0 +-2—e20 + ..

or substitute z = 1/¢2, and try expanding around z = 0:

Diverges as ¢ — 0 !l
(Reminiscent of “renormalization” problems in quantum me-
chanics, etc., where perturbation expansions must be summed
to all orders...)
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Padé Approximations of e 1/¢

Padé Approximations are Ratio of Polynomials.
(Taylor series are a simple polynomial)

Example:

—1/62__ 1 ~ ]. o 264
Cetl/e T4 L I T 1422 4 2¢f

€

“4-pole approximation”

Padé approximations are often much more robust
(they have bounded errors) than Taylor series.

The trick for more complicated equations is finding
the equivalent of a Padé approximation.
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A Slmp/e PAQSE'MIXMJ )Daracli‘cm
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D ffusive -type Clossre _needed o model
Collistonless P/mse—Mixia}.

SiMPlCS"’ PoSSible I'MOMeu"' Fluid modC, (too sunp'e
'For most purposes). Start with exact olensi'l"y conservation E%'.

on 9
% *57(nv) =0
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Caveats

Landav - fluid closures are  agproximahoag

wea'd a'ways werlk

Consensaton O‘F Hevble

2 mawm c\nﬂllenacsi

®I‘ s all ‘Sca‘e features 1a
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-weak ‘rbulence
- Par‘l'idt 'Ha'opMJ M wave.{ia v, diredho

Matror et al.

@ MulH Admensions] extensions
w the presence of

recwrr}wb orbits...

More c...,!d-e AiScu s iw puper....
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C%’QE‘S’ C\-\amne& et.al., Plasma P‘W:?CS CG»*T’. Fus. §_§,
Q73 (1a43)

ﬂere are Some Cases wl\erc the La-u‘nu— ”u’od qla,rox'qmaHMS
doa't weck well (or re%v’.re Mmeny mements o Converae),
where i+ is necessary o fdlsw Rl detark of full £(x, wt).

(Plas-na edme;, %uas'a'meef -Plaﬂeniov néar narrow resonances).
(Matier, Phys.Fluids BY 3852 (1t42)),

Bu‘t work s we" as aMoJel o": rate at which 'F'
phase-mixes * small veloady scales which can thea
be )3'\"24.

(P‘\E'ISo’Mu”r sim'a'ar o Subﬁria ﬂrbuleme models,
oc to +the EDANM Sinfli‘FleJ vs. of the DIﬂ)

Usw.;”y there are many Processes whidch %v-‘d’/y wipe ot
segll veloc.'fy scales Ccoll.‘:ions) or make them

incoherent (‘tvrbﬂl%&).

Sheld be well-suited 4 Hypical strong ~turbulence tkamak

J -eﬂimes.

Provide aceveade linewr gowoth rates for instabilities which drive
the *‘urbulcvuc, < for dam(ed modes

EXB nealinearitios in flid Egs. covple these togetren.

Floid moment Egs. express important conservation laws
(Par‘hdﬁs, momeatvm, Mvnd'f( moment, pura”d 040(7)’,...)
which coastvam tne noo\/l‘otOQr dynamo‘q 0'[ the turbvlemce.
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leed" Com‘h\um/éto‘enqn codes
Loe So'vmo 'F(?, E/ ), "‘) (SD +'hme)

Very svecess ful 1 recent years,

-odvanced 4l gorithms o pseudo-spectral

uap.mﬂ' liaeue dynan ies,

kaak order Gavss- Legendre i~+¢amﬁﬁv\

- parallehize well

-less rosoluhon in BBER uelouty space
needed Hhan m ¥
~I0 E
~3o~. A
~EBeqLu32 ¥
Class of .\'\'eru'l'ha prolelens
where resoluion needed 1s modes?

Nt as exmmg as Avl- fcyuﬂsﬁ‘
Novier = Stokes, Bst SMQAWMS

need wmore resolvion,
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