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Summary Taking adwentageof the propertiesof liquid metalsandof rapidly rotatingflows, we areableto computedyname at high

Reynoldsnumber(Re > 10°) andlow magneticPrandtinumber(Pm < 10~2)

We developeda numericalmodel that usesa quasi-goestrogh approximationto computethe flow (without subgrid scalemodel),
leadingto two-dimensionakquations Theinductionequationfor the magnetidield is fully resohedin 3D, in asphere Thisapproach
provesquiteefficientfor low magneticPrandtinumberandsuitableflows, for which thereis a scaleseparatiorbetweermagneticfield

andvelocity field, allowing to compue the magneticfield on a coarsergrid andwith larger time stepsthanfor the velocity field. We

shaw resultsof thesecalculationsappliedon the turbulentflow producedby the destabilizatiorof a Stavartsonsheardayer.

INTRODUCTION

The magnetidfield of the Earthis producedby a dynamno effectin the metallicliquid coreof our rotatingplanet. Many
efforts have beendonesuccessfullyin the last decadeo describethe mecharsm of a self induceed magneticfield with
expearimental mockels and numeical simulations. Both appoacheshave limitations. No expeiment hasbeendonein
rotation while rotationis thoudht as a key ingredent by geophysiciststo explain the geonetry and the amplitude of
the geormagneticfield. All numerical models[4, 5, 6], have introducedthe Coriolis force in solving the Navier-Stokes
equatia, but the prescrited magnetidPrandl numter (P,,, = v/n, wherev is thekinematicviscosityandsn themagnetic
diffusivity) is of orderunity, dueto currert computercapabilities However, liquid metalsexhibit magretic Prandl numter
lowerthan10~5 in planetarycores[7]. Thislow value of P,,, mayindicateaseparationin termsof scalesandfrequencies,
betweerthevelocityandmagnéic fieldsin a metallicdynamo.

NUMERICAL MODEL

We proposean appoachthat aims to compute very low magretic Prandtlnumber dynano taking adwartage of the
geostrphic behaior of the velocity field. For very low Ekmannumter (E = v/ QR?2, where() is the rotationrate
of the sphericalcontairer, and R its radius),a quasi-gestroplic (QG) apprach mockl correctly the flow in a rapidly
rotatingspherdl, 2, 3]. It consistsof theintegration of the Navier-Stokes equationalongthe axis of rotation Evenif
thenumericalresolutionis dore with apseudaurrentfunctionin theequatorialplane(2D), thetop andbottombourdary
effectarepresenthroudh § andEkmanpumpng effectsin the Coriolis term. We compue the QG flow in the equdorial
planewith a fine spatio-terporal resolution the velocity is extrapdatedto a coarse3D spherial grid wherethe induc-
tion equationis solved Then the z-integratedassociated.orertz forcesis usedto compue the evolution of thevelocity
field. Even if thereis somecomputationtime spentin the corversionbetweergrids, this methodis efficientif the scale
separatioris largeenoud.
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Diagramshawing the principles of our quasi-gostropitc dynamomodel

TEST CASE : THE STEWARTSON DYNAMO

Theforcing

In orderto demanstratethevalidity of thisappioachwe decideto apgy it to asimplecase.Insteadf athermalcorvective
flow wherethe heatequatio hasto besolved we modé theflow associateavit theinstabilitiesof aninterral geostropic
shearayer This layer, known asthe Stavartsonlayer, is producedby a differentially rotatinginner corein a rotating
sphereandconsistf two nestedviscoussheardayers.For large Ro number (Ro = AQ/), whereA(Q is thedifferential
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rateof rotationof theinner core) the Stevartsonlayer may becane unstaltle andgeneate Rossbywaves|[8]. For even
larger Ro, theflow becomedgurbulent. However this turbulerceis stronglyinfluercedby theglobalrotationof the system
andis large-scaleslominaed, with a steepk —> spectrum This suggesthatwe canproperly neglecttheindudion dueto
smallscales.

Kinematic dynamo results

For the kinematic dynamostudy we don't compue the Lorentzforce, so that the evolution of the flow remainspurely
hydrodynamic. Somedynamoexperimentsarerepoted on the following table. Theredoes not seemto bealimit in Pm
or E for driving adynano. Theonly restrictionis thatthe Rossbynunmberremainssmallenoudp sothatthe velccity field
canbeconsideedasQG. We will alsoreportsomespecificfeatures of thesedynamos.

E Ro Pm Re
1075  0.04 5 100
10-¢ 0.013 0.6 1000
1076 0.04 0.3 10000
107 0.015 0.03 100000
10~ 0.02 0.005 400000

Kinematicdynamosrunsfor variows E,Ro and Pm input paraneters.Re iSs anoutput paraneter

L orentz for ce back-reaction

With the Lorentz force, the magndéic field actsbackon the velocity field. However we canshawv thatin the regime of
smallRossbynumbes, the Elsassenumber (measurig theratio of the Lorertz force by the Coriolisforce) remans small,
insuringthatthe Proudnan-Taylor constrint is notviolated
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