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1 Introduction

The completedescriptionof magnetohydrodynami@vHD) turbulencerequirestheres-
olution of a rangeof scaleswhich is known to increasevery rapidly with the turbulent
intensity Direct numericalsimulationsarethusrestrictedto moderatelyturbulent plas-
mas.A typicalmeasuref theMHD turbulenceis givenby themagnetidReynoldsnumber
R, = v*l*/ne, wherev* is atypical turbulentvelocity, I* is thetypical lengthscaleof the
systemandr; is the magneticresistvity. For example,the state-of-the-artully resohed
simulationof threedimensionaMHD turbulencehasbeerrecentlyperformedy Biskamp
andMdiller [1, 2] for R,, ~ 6500. Typicalvaluesof R,, in theSunrangebetweenl 0® and
1012,

However, in mary casesthe detaileddescriptionof every excited modeis unneces-
saryto understandhe large scalebehaiour of a turbulent plasma. In the context of
fluid turbulence this haspromptedthe derivation of large eddysimulations(LES). This
numericaltechniqueis basedon the applicationof a spatialfilter to the Navier-Stokes
equation[34, 5]. Theresultingequationcanthenbe simulatedusinga coarsegrid since
thefluctuationswith smallcharacteristiscalesarefiltered out. However, the LES equa-
tion containsanunknowvn subgridscalestresgensorthatneed€o bemodelled.Thisterm
accountdor the effectsof theunresohedsmallscalesontheresolhedscales.lt is usually
approximatedy aturbulentviscosity

The possibility of usinga similar techniquefor numericalstudiesof MHD turbulence
is investigated.In additionto a turbulentviscosityterm,onecanin a plasmaexpectthat
thesmallscaleswill alsoaffectthelarge scaleghroughaturbulentresistvity term[6].

In the next sections,we discussthe possibility of adaptingmodernapproachesle-
velopedfor LES in fluid turbulenceto the caseof MHD turbulence. In particular the
dynamicalprocedure[7]usedfor derving self-calibratedmodelsfor the subgrid scale
tensorgs introducedandis illustratedfor homogeneousjecayingVIHD turbulence.

2 Theequations

Theequationof incompressiblenagnetohydrodynamicsyritten in the usualunits,read

8tuz~ = —8j (ujuz- — b]bz) — 81']7 + I/()Aui (1)
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Opb; = —0;(ujb; — ub;) + noAb; (2)

wherevr, is the molecularviscosity The magneticPrandtinumberis definedby P, =
no/vo. Boththevelocity andmagneticfieldsaredivergencefree: d;u; = 0 = 9;b;. The
large-scalevelocity andmagneticfields describedoy an LES areusuallyregardedasthe
convolution betweerthe original fields and a filter that smootheghe high wavenumber
(i.e., shortwavelength)structureg3]:

)= [ Gl (y) dy, (3)

whereG, representghefilter kernelin space.Theresultingequationgeads
8tﬂi = —8 (’U,]U,Z 5 5 ) 8@ + V()Aﬂi —_ 8]-7';;- (4)
O = 05(wib; —ush) — oAb — 9y, ()

wheretwo unknowvn termsenterthe LES equationandneedto bemodelled:

ib;) (6)
ibi) (7)
Detail motivationsfor the modelswill be reportedin a longer paper However, basic

principleshave to guidethe modelling procedurgtensorialinvariance symmetries,..).
By usingtheseguidelineswe have constructedhefollowing model:

c~|

Ty = (Wit — bibj) — (

Ty = (wib; — ubi) — (@

&l

oy
ib; —

@I

= NC[S"|SE + ACy[S"|SY (8)
= N f(DiW}+ D) (9)
HereA? is themeshsize, S, = (0;u; + 9;u;) /2, W = (9u; — 0;1:) /2, Si = (9:b; +

9;0;)/2, andW = (9;b; — 0;b;)/2. Finally f> = \2W“W”| 5 = \qusu‘lﬂ and

17~1g
|§b\ = \2Sf’JSfJ|1/2 This modelcontainsfour unknowvn coeficientsC;, Cs, D; and Ds.
Thesecoeficientshave beencomputedy anoptimisationprocedurédynamicprocedure)

thathasbeendescribedn detailsin theliterature[7, 8,9, 10].

3 Numerical results

In orderto estimatethe validity of the modelpresentedn the previous sectionwe have
performeda low magneticReynolds number DNS with 962 modesof homogeneous
decayingturbulencein a cubicbox !, = I, = [, = 10mr. Without magneticfield, this
simulationcorrespondso the classical. The parametersf the simulationsarevy = ny =
0.1.
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The spectrafor the velocity and magneticfields are shavn on the Figures1 & 2
respectiely. In eachcase,the samefigure is shavn with linear (top) and logarithmic
(bottom)axes. Thesolidlinesrepresenttheresultsof theDNS. Thecirclescorrespondo
a 243 LES with model(8-9) andthe crossesorrespondo a 243 LES without any model.
Clearly, the LES without modeldoesnot performsatisfctorily anda piling up of enegy
is obsenedin the high wave vectorrange.This is typical of anunresohedsimulation.
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Figure 1 : velocityspectrum

On the contrarythe LES with model (8-9) is able to reproducethe correctenepgy
spectra.lt mustbestressedherethatthe LES is muchcheapethatthe DNS. For instance,
thepresenLES simulationusesl00timeslessCPUtime thantheDNS and25 timesless
memory

10°
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Figure 1 : magneticspectrum

4 Discussion

The presentstudy hasshowvn that the conceptof LES can, at the very least,be usedin
MHD flows. Of coursethe comparisorreportecherehave beendoneby usingrelatively
small magneticReynoldsnumbersandin a very simplegeometry More complex MHD
flows correspondindo systemswith a constantmagneticfield (which will be usefulfor
exploring anisotropy in turbulenttransport)or toroidalgeometrywill beconsideredn the
future.
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