
Shell models and the possibility of appliation to fusion plasmasÖ. D. GüranJanuary 18, 2010Laboratoire de Physique des Plasmas, Eole Polytehnique, CNRS, 91128 Palaiseau Cedex, Frane1 IntrodutionWe present the results of a detailed study of appliability of asade models, be it in the form of shellmodels, or in the form of di�erential approximation models, to fusion plasmas. There exists variousdi�ulties assoiated with the plasma medium. Its intrinsi exitability, the role of meso-sales andits natural anisotropy an be mentioned. In this work, we derive a set of shell models, that aretailored for appliability to fusion plasmas. We suggest this as a useful method for understandingthe nonlinear tendenies instead of diret predition.2 Shell model for drift wavesHere we review the basi idea behind shell models and give the simplest possible example in theform of a shell model of the Hasegawa-Mima system [3℄. This allows a demonstration of the basiidea as well as the derivation of a di�erential approximation model.3 Potential Vortiity ConservationHere we will disuss the role of potential vortiity in fusion plasmas [4, 1℄. Using a simple reduedsystem, we will show that the onept of potential vortiity, used prominently in geophysial �uiddynamis is a useful onept also for fusion plasmas.3.1 Generalized shell model in the form of Potential Vortiity evolutionA simple shell model an be formulated in the form of potential vortiity evolution, using thebasi idea that the potential vortiity is approximately onserved in fusion plasmas. This allowsthe redution of very omplex nonlinear system to a set of, relatively simple, oupled ordinarydi�erential equations. In the limit of loal interations, the system leads to solutions akin to 2DKraihnan-Kolmogorov spetra. In ontrast, when the non-loal interations with a single modedominates (assuming also that the eletron response is adiabati), a solution in the form of |ñk|
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2 is found [2℄.3.2 Predator Prey osillationsWhen the non-loal interations with a single large sale mode (zonal �ows, Geodesi AoustiModes et.) dominate, the above model leads to an interesting dynamial evolution. Sine the largesale mode is not driven, it is driven purely by the interations among �utuations. However, asit grows, it refrats the the �utuations to higher wave-numbers, where the dissipation is higher.1
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Therefore the large sale mode ends up depleting its own soure for drive. When this happens, it isalso damped (physially by a large sale drag proess, modelled as a drag term in the equation forthe evolution of the large sale). But sine there is onstant energy injetion, when the large salemode damps, the �utuations an grow again. This leads to a phenomenon akin to predator-preyosillations. At the extreme, these osillations an be observed using a minimally redued shellmodel of two shells and the large sale omponent.4 ConlusionWe have studied the feasibility of the appliation of shell models to fusion plasmas. While theirpreditive power is limited as a result of lak of diret onnetion to physis parameters, theirqualitative utility is undeniable. We �nd that due their simpliity they an be implemented rathereasily, and an takle a omplex nonlinear problem with some (sometimes strong) assumptions.They an also be used in onjuntion with proper linear physis (for instane a linear gyro-kinetiode, whih an give the exat form of the energy injetion and dissipation) for inreased auray.Referenes[1℄ P H Diamond, O D Guran, T S Hahm, K Miki, Y Kosuga, and X Garbet. Momentum theoremsand the struture of atmospheri jets and zonal �ows in plasmas. PPCF, 50(12):124018, 2008.[2℄ Ö. D. Güran, X. Garbet, P. Hennequin, P. H. Diamond, A. Casati, and G. L. Falhetto. Wave-number spetrum of drift-wave turbulene. Phys. Rev. Lett., 102(25):255002, 2009.[3℄ J. L. Ottinger and D. Carati. Salar model for plasma turbulene. Phys. Rev. E, 48(4):2955�2965,1993.[4℄ P. B. Rhines and W. R. Young. Homogenization of potential vortiity in planetary gyres. J.Fluid Meh., 122(September):347 � 367, 1982.
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