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  Abstract
  We present a comprehensive survey of various computational methods in CEDRES++ (Couplage Equilibre Diffusion Résistive pour l'Etude des Scénarios) for finding equilibria of toroidal plasma. Our focus is on free-boundary plasma equilibria, where either poloidal field coil currents or the temporal evolution of voltages in poloidal field circuit systems are given data. Centered around a piecewise linear finite element representation of the poloidal flux map, our approach allows in large parts the use of established numerical schemes. The coupling of a finite element method and a boundary element method gives consistent numerical solutions for equilibrium problems in unbounded domains. We formulate a new Newton method for the discretized nonlinear problem to tackle the various nonlinearities, including the free plasma boundary. The Newton method guarantees fast convergence and is the main building block for the inverse equilibrium problems that we can handle in CEDRES++ as well. The inverse problems aim at finding either poloidal field coil currents that ensure a desired shape and position of the plasma or at finding the evolution of the voltages in the poloidal field circuit systems that ensure a prescribed evolution of the plasma shape and position. We provide equilibrium simulations for the tokamaks ITER and WEST to illustrate the performance of CEDRES++ and its application areas.


 


   
    
	
Type

	Research Article


 	
Information

	Journal of Plasma Physics
  
,
Volume 81
  
,
Issue 3
  , June 2015   , 905810301
 DOI: https://doi.org/10.1017/S0022377814001251
 [Opens in a new window]
 [image: Check for updates]
  NASA ADS Abstract Service
 [Opens in a new window]



   	
Copyright

	
Copyright © Cambridge University Press 2015 




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
REFERENCES

 
 

 


 
 

 Albanese, R., Blum, J. and De Barbieri, O. 1986 On the solution of the magnetic flux equation in an infinite domain. In: EPS. 8th Europhysics Conf. on Computing in Plasma Physics, European Physical Society, Mulhouse, France, pp. 41–44.Google Scholar


 
 

 Albanese, R., Blum, J. and De Barbieri, O. 1987 Numerical studies of the Next European Torus via the PROTEUS code. In: 12th Conf. on Numerical Simulation of Plasmas, San Francisco.Google Scholar


 
 

 Albanese, R. and Villone, F. 1998 The linearized CREATE-L plasma response model for the control of current, position and shape in tokamaks. Nucl. Fusion 38 (5), 723.CrossRefGoogle Scholar


 
 

 Ané, J. M., Grandgirard, V., Albajar, F. and Johner, J. 2000 Design of next step tokamak: consistent analysis of plasma performance flux composition and poloidal field system. In: 18th IAEA Fusion Energy Conf., Sorrento, http://www.iaea.org/inis/collection/NCLCollectionStore/Public/33/029/33029055.pdf.Google Scholar


 
 

 Ariola, M. and Pironti, A. 2008 Magnetic Control of Tokamak Plasmas. London: Springer.Google Scholar


 
 

 Artaud, J. F.et al. 2010 The CRONOS suite of codes for integrated tokamak modelling. Nucl. Fusion 50 (4), 043 001.CrossRefGoogle Scholar


 
 

 Bielak, J. and MacCamy, R. C. 1991 Symmetric finite element and boundary integral coupling methods for fluid-solid interaction. Q. Appl. Math. 49 (1), 107–119.CrossRefGoogle Scholar


 
 

 Blum, J. 1989 Numerical Simulation and Optimal Control in Plasma Physics: With Applications to Tokamaks. Paris: Wiley/Gauthier-Villars.Google Scholar


 
 

 Blum, J., Boulbe, C. and Faugeras, B. 2012 Reconstruction of the equilibrium of the plasma in a tokamak and identification of the current density profile in real time. J. Comput. Phys. 231 (3), 960–980.CrossRefGoogle Scholar


 
 

 Blum, J. and Heumann, H. 2014 Optimal control for quasi-static evolution of plasma equilibrium in tokamaks. Technical Report, INRIA, Sophia Antipolis, HAL Id: hal-00988045, version 1.Google Scholar


 
 

 Blum, J., Le Foll, J. and Thooris, B. 1981 The self-consistent equilibrium and diffusion code SCED. Comput. Phys. Commun. 24, 235–254.CrossRefGoogle Scholar


 
 

 , Bucalossi, et al. 2011 Feasibility study of an actively cooled tungsten divertor in tore supra for ITER technology testing. Fusion Eng. Des. 86 (6–8), 684–688.CrossRefGoogle Scholar


 
 

 Chen, G. and Zhou, J. 1992 Boundary Element Methods (Computational Mathematics and Applications). London: Academic Press, Ltd.Google Scholar


 
 

 Ciarlet, P. G. 1978 The Finite Element Method for Elliptic Problems. Amsterdam: North-Holland Publishing Co.Google Scholar


 
 

 Cooper, W. A., Hirshman, S. P., Merkel, P., Graves, J. P., Kisslinger, J., Wobig, H. F. G., Narushima, Y., Okamura, S. and Watanabe, K. Y. 2009 Three-dimensional anisotropic pressure free boundary equilibria. Comput. Phys. Commun. 180 (9), 1524–1533.CrossRefGoogle Scholar


 
 

 Costabel, M. 1987 Principles of boundary element methods. In: Finite Elements in Physics (Lausanne, 1986), Amsterdam: North-Holland, pp. 243–274.Google Scholar


 
 

 Costabel, M. and Stephan, E. P. 1990 Coupling of finite and boundary element methods for an elastoplastic interface problem. SIAM J. Numer. Anal. 27 (5), 1212–1226.CrossRefGoogle Scholar


 
 

 Coster, D. P., Basiuk, V., Pereverzev, G., Kalupin, D., Zagórksi, R., Stankiewicz, R., Huynh, P. and Imbeaux, F. 2010 The european transport solver. IEEE Trans. Plasma Sci. 38 (9), 2085–2092.CrossRefGoogle Scholar


 
 

 Davis, T. A. 2011 Suitesparse: a suite of sparse matrix software. http://faculty.cse.tamu.edu/davis/suitesparse.html.Google Scholar


 
 

 Degtyarev, L. M. and Drozdov, V. V. 1985 An inverse variable technique in the MHD-equilibrium problem. Comput. Phys. Rep. 2 (7), 341–387.CrossRefGoogle Scholar


 
 

 Degtyarev, L. M. and Drozdov, V. V. 1991 Adaptive mesh computation of magnetic hydrodynamic equilibrium. Int. J. Mod. Phys. C 02 (01), 30–38.CrossRefGoogle Scholar


 
 

 Delfour, M. C. and Zolésio, J.-P. 2011 Shapes and Geometries, 2nd edn., Advances in Design and Control, Vol. 22. Philadelphia, PA: Society for Industrial and Applied Mathematics (SIAM).CrossRefGoogle Scholar


 
 

 DeLucia, J., Jardin, S. C. and Todd, A. M. M. 1980 An iterative metric method for solving the inverse tokamak equilibrium problem. J. Comput. Phys. 37 (2), 183–204.CrossRefGoogle Scholar


 
 

 Falchetto, G. L.et al. 2014 The European Integrated Tokamak Modelling (ITM) effort: achievements and first physics results. Nucl. Fusion 54 (4), 043 018.CrossRefGoogle Scholar


 
 

 Feistauer, M. and Sobotikova, V. 1990 Finite element approximation of nonlinear elliptic problems with discontinuous coefficients. ESAIM: Math. Modelling Numer. Anal. - Modlisation Mathématique et Analyse Numrique 24 (4), 457–500.CrossRefGoogle Scholar


 
 

 Feneberg, W. and Lackner, K. 1973 Multipole tokamak equilibria. Nucl. Fusion 13 (4), 549.CrossRefGoogle Scholar


 
 

 Fitzgerald, M., Appel, L. C. and Hole, M. J. 2013 EFIT tokamak equilibria with toroidal flow and anisotropic pressure using the two-temperature guiding-centre plasma. Nucl. Fusion 53 (11), 113 040.CrossRefGoogle Scholar


 
 

 Freidberg, J. P. 1987 Ideal Magnetohydrodynamics. US: Plenum.CrossRefGoogle Scholar


 
 

 Gatica, G. N. and Hsiao, G. C. 1995 The uncoupling of boundary integral and finite element methods for nonlinear boundary value problems. J. Math. Anal. Appl. 189 (2), 442–461.CrossRefGoogle Scholar


 
 

 Glowinski, R. and Marrocco, A. 1974 Analyse numérique du champ magnétique d'un alternateur par éléments finis et sur-relaxation ponctuelle non linéaire. Comput. Methods Appl. Mech. Eng. 3 (1), 55–85.CrossRefGoogle Scholar


 
 

 Goedbloed, J. P., Keppens, R. and Poedts, S. 2010 Advanced Magnetohydrodynamics: with Applications to Laboratory and Astrophysical Plasmas. Cambridge: Cambridge University Press.CrossRefGoogle Scholar


 
 

 Goedbloed, J. P. and Lifschitz, A. 1997 Stationary symmetric magnetohydrodynamic flows. Phys. Plasmas (1994–present) 4 (10), 3544–3564.CrossRefGoogle Scholar


 
 

 Goedbloed, J. P. and Poedts, S. 2004 Principles of Magnetohydrodynamics: with Applications to Laboratory and Astrophysical Plasmas. Cambridge: Cambridge University Press.CrossRefGoogle Scholar


 
 

 Grad, H. 1967 Toroidal containment of a plasma. Phys. Fluids (1958–1988) 10 (1), 137–154.CrossRefGoogle Scholar


 
 

 Grad, H. and Rubin, H. 1958 Hydromagnetic equilibria and force-free fields. In: Proc. 2nd UN Conf. on the Peaceful Uses of Atomic Energy, United Nations Publications, Geneva, Vol. 31, p. 190.Google Scholar


 
 

 Grandgirard, V. 1999 Modélisation de l'équilibre d'un plasma de tokamak. PhD thesis, l'Université de Franche-Comté.Google Scholar


 
 

 Gruber, R., Iacono, R. and Troyon, F. 1987 Computation of MHD equilibria by a quasi-inverse finite hybrid element approach. J. Comput. Phys. 73 (1), 168–182.CrossRefGoogle Scholar


 
 

 Guazzotto, L., Betti, R., Manickam, J. and Kaye, S. 2004 Numerical study of tokamak equilibria with arbitrary flow. Phys. Plasmas (1994–present) 11 (2), 604–614.CrossRefGoogle Scholar


 
 

 Helton, F. J. and Wang, T. S. 1978 MHD equilibrium in non-circular tokamaks with field-shaping coil systems. Nucl. Fusion 18 (11), 1523.CrossRefGoogle Scholar


 
 

 Hertout, P., Boulbe, C., Nardon, E., Blum, J., Bremond, S., Bucalossi, J., Faugeras, B., Grandgirard, V. and Moreau, P. 2011 The cedres++ equilibrium code and its application to ITER, JT-60SA and Tore Supra. Fusion Eng. Des. 86, 1045–1048.CrossRefGoogle Scholar


 
 

 Hinton, F. L. and Hazeltine, R. D. 1976 Theory of plasma transport in toroidal confinement systems. Rev. Mod. Phys. 48, 239–308.CrossRefGoogle Scholar


 
 

 Hiptmair, R. 2003 Coupling of finite elements and boundary elements in electromagnetic scattering. SIAM J. Numer. Anal. 41 (3), 919–944.CrossRefGoogle Scholar


 
 

 Hirshman, S. P. and Betancourt, O. 1991 Preconditioned descent algorithm for rapid calculations of magnetohydrodynamic equilibria. J. Comput. Phys. 96 (1), 99–109.CrossRefGoogle Scholar


 
 

 Hirshman, S. P. and Jardin, S. C. 1979 Two-dimensional transport of tokamak plasmas. Phys. Fluids 22 (4), 731–742.CrossRefGoogle Scholar


 
 

 Hofmann, F. and Tonetti, G. 1988 Tokamak equilibrium reconstruction using Faraday rotation measurements. Nucl. Fusion 28 (10), 1871.CrossRefGoogle Scholar


 
 

 Huysmans, G. T. A. and Czarny, O. 2007 MHD stability in X-point geometry: simulation of ELMs. Nucl. Fusion 47 (7), 659.CrossRefGoogle Scholar


 
 

 Huysmans, G. T. A., Goedbloed, J. P. and Kerner, W. 1991 Isoparametric bicubic Hermite elements for solution of the Grad–Shafranov equation. In: Proc. CP90 Conf. on Comp. Phys., Vol. 2, pp. 371–376.Google Scholar


 
 

 ITM 2013 Integrated tokamak modelling. http://portal.efda-itm.eu/, integrated Tokamak Modelling.Google Scholar


 
 

 Jardin, S. C. 2010 Computational Methods in Plasma Physics. Boca Raton, Florida: CRC Press/Taylor and Francis.CrossRefGoogle Scholar


 
 

 Jardin, S. C., Pomphrey, N. and DeLucia, J. 1986 Dynamic modeling of transport and positional control of tokamaks. J. Comput. Phys. 66, 481–507.CrossRefGoogle Scholar


 
 

 Johnson, J. L.et al. 1979 Numerical determination of axisymmetric toroidal magnetohydrodynamic equilibria. J. Comput. Phys. 32 (2), 212–234.CrossRefGoogle Scholar


 
 

 Lackner, K. 1976 Computation of ideal MHD equilibria. Comput. Phys. Commun. 12 (1), 33–44.CrossRefGoogle Scholar


 
 

 Lao, L. L., Ferron, J. R., Geoebner, R. J., Howl, W., St. John, H. E., Strait, E. J. and Taylor, T. S. 1990 Equilibrium analysis of current profiles in Tokamaks. Nucl. Fusion 30 (6), 1035.CrossRefGoogle Scholar


 
 

 Lao, L. L., Hirshman, S. P. and Wieland, R. M. 1981 Variational moment solutions to the Grad–Shafranov equation. Phys. Fluids 24 (8), 1431–1440.CrossRefGoogle Scholar


 
 

 Lao, L. L., John, H. St., Stambaugh, R. D., Kellman, A. G. and Pfeiffer, W. 1985 Reconstruction of current profile parameters and plasma shapes in tokamaks. Nucl. Fusion 25 (11), 1611.CrossRefGoogle Scholar


 
 

 Li, J., Melenk, J. M., Wohlmuth, B. and Zou, J. 2010 Optimal a priori estimates for higher order finite elements for elliptic interface problems. Appl. Numer. Math. 60 (1–2), 19–37.CrossRefGoogle Scholar


 
 

 Ling, K. M. and Jardin, S. C. 1985 The Princeton spectral equilibrium code: PSEC. J. Comput. Phys. 58 (3), 300–335.CrossRefGoogle Scholar


 
 

 Lüst, R. and Schlüter, A. 1957 Axialsymmetrische magnetohydrodynamische Gleichgewichtskonfigurationen. Z. Naturforsch. A12, 850–854.CrossRefGoogle Scholar


 
 

 Luxon, J. L. and Brown, B. B. 1982 Magnetic analysis of non-circular cross-section tokamaks. Nucl. Fusion 22 (6), 813.CrossRefGoogle Scholar


 
 

 Maschke, E. K. and Perrin, H. J. 1984 An analytic solution of the stationary MHD equations for a rotating toroidal plasma. Phys. Lett. A 102 (3), 106–108.CrossRefGoogle Scholar


 
 

 Mc Carthy, P. J., Martin, P. and Schneider, W. 1999 The CLISTE interpretive equilibrium code. Technical Report IPP Report 5/85. Max-Planck-Institut fur Plasmaphysik.Google Scholar


 
 

 Murat, F. and Simon, J. 1976 Sur le contrôle par un domaine géométrique. Technical Report 76015. Laboratoire d'Analyse Numérique, Université de Paris 6.Google Scholar


 
 

 Nédélec, J.-C. 2001 Acoustic and Electromagnetic Equations Applied Mathematical Sciences, 144). New York: Springer-Verlag.CrossRefGoogle Scholar


 
 

 Nocedal, J. and Wright, S. J. 2006 Numerical Optimization, 2nd edn.Springer Series in Operations Research and Financial Engineering. New York: Springer.Google Scholar


 
 

 Parail, V.et al. 2013 Self-consistent simulation of plasma scenarios for iter using a combination of 1.5d transport codes and free-boundary equilibrium codes. Nucl. Fusion 53 (11), 113 002.CrossRefGoogle Scholar


 
 

 Park, W., Belova, E. V., Fu, G. Y., Tang, X. Z., Strauss, H. R. and Sugiyama, L. E. 1999 Plasma simulation studies using multilevel physics models. Phys. Plasmas (1994-present) 6 (5), 1796–1803.CrossRefGoogle Scholar


 
 

 Pechstein, C. and Jüttler, B. 2006 Monotonicity-preserving interproximation of B-H-curves. J. Comput. Appl. Math. 196 (1), 45–57.CrossRefGoogle Scholar


 
 

 Pustovitov, V. D. 2010 Anisotropic pressure effects on plasma equilibrium in toroidal systems. Plasma Phys. Control. Fusion 52 (6), 065 001.CrossRefGoogle Scholar


 
 

 Renard, Y. and Pommier, J. 2014 GetFEM++, an open-source finite element library. http://download.gna.org/getfem/html/homepage/index.html.Google Scholar


 
 

 Schwab, C. 2004 p- and hp- Finite Element Methods: Theory and Applications in Solid and Fluid Mechanics. Oxford: Clarendon Press.Google Scholar


 
 

 Shafranov, V. D. 1958 On magnetohydrodynamical equilibrium configurations. Sov. J. Exp. Theor. Phys. 6, 545.Google Scholar


 
 

 Shewchuk, J. R. 1996 Triangle: Engineering a 2D quality mesh generator and delaunay triangulator. In: Applied Computational Geometry: Towards Geometric Engineering, Vol. 1148 (ed. Lin, M. C. and Manocha, D.), Lecture Notes in Computer Science, Springer-Verlag, from the First ACM Workshop on Applied Computational Geometry, Springer, Berlin, pp. 203–222.CrossRefGoogle Scholar


 
 

 Stephan, E. P. 1992 Coupling of finite elements and boundary elements for some nonlinear interface problems. Comput. Methods Appl. Mech. Eng. 101 (1–3), 61–72.CrossRefGoogle Scholar


 
 

 Turkington, B., Lifschitz, A., Eydeland, A. and Spruck, J. 1993 Multiconstrained variational problems in magnetohydrodynamics: equilibrium and slow evolution. J. Comput. Phys. 106 (2), 269–285.CrossRefGoogle Scholar


 
 

 Wesson, J. and Campbell, D. J. 2004 Tokamaks. The International Series of Monographs in Physics, 3rd edn. Vol. 118, Oxford: Clarendon Press.Google Scholar


 
 

 Zhao, K., Vouvakis, M. N. and Lee, J.-F. 2006 Solving electromagnetic problems using a novel symmetric fem-bem approach. IEEE Trans. Magn. 42 (4), 583–586.CrossRefGoogle Scholar


 
 

 Zwingmann, W., Eriksson, L.-G. and Stubberfield, P. 2001 Equilibrium analysis of tokamak discharges with anisotropic pressure. Plasma Phys. Control. Fusion 43 (11), 1441.CrossRefGoogle Scholar




 

           



 
  	33
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
33




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Dumas, N.
Nouailletas, R.
Dougnac, H.
Nardon, E.
Moreau, P.
Baulaigue, O.
Saint-Laurent, F.
and
Bremond, S.
2015.
Plasma position control simulations with PSIM/SIMULINK to validate the WEST divertor coils power supplies topology.
p.
107.


	CrossRef
	Google Scholar






Blum, Jacques
Boulbe, Cédric
Faugeras, Blaise
and
Heumann, Holger
2016.
System Modeling and Optimization.
Vol. 494,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Blommaert, M.
Baelmans, M.
Heumann, H.
Marandet, Y.
Bufferand, H.
Gauger, N. R.
and
Reiter, D.
2016.
Magnetic Field Models and their Application in Optimal Magnetic Divertor Design.
Contributions to Plasma Physics,
Vol. 56,
Issue. 6-8,
p.
796.


	CrossRef
	Google Scholar






Blommaert, Maarten
Reiter, Detlev
and
Baelmans, Martine
2017.
An efficient methodology to analyze plasma edge model parameter sensitivities.
Nuclear Materials and Energy,
Vol. 12,
Issue. ,
p.
1049.


	CrossRef
	Google Scholar






Faugeras, Blaise
and
Heumann, Holger
2017.
FEM-BEM coupling methods for Tokamak plasma axisymmetric free-boundary equilibrium computations in unbounded domains.
Journal of Computational Physics,
Vol. 343,
Issue. ,
p.
201.


	CrossRef
	Google Scholar






Giorgiani, G.
Camminady, T.
Bufferand, H.
Ciraolo, G.
Ghendrih, P.
Guillard, H.
Heumann, H.
Nkonga, B.
Schwander, F.
Serre, E.
and
Tamain, P.
2018.
A new high‐order fluid solver for tokamak edge plasma transport simulations based on a magnetic‐field independent discretization.
Contributions to Plasma Physics,
Vol. 58,
Issue. 6-8,
p.
688.


	CrossRef
	Google Scholar






Van den Kerkhof, S.
Blommaert, M.
Heumann, H.
and
Baelmans, M.
2018.
Towards numerical optimization of snowflake topologies.
Contributions to Plasma Physics,
Vol. 58,
Issue. 6-8,
p.
696.


	CrossRef
	Google Scholar






Faugeras, Blaise
and
Orsitto, Francesco
2018.
Equilibrium reconstruction at JET using Stokes model for polarimetry.
Nuclear Fusion,
Vol. 58,
Issue. 10,
p.
106032.


	CrossRef
	Google Scholar






Sánchez-Vizuet, Tonatiuh
and
Solano, Manuel E.
2019.
A Hybridizable Discontinuous Galerkin solver for the Grad–Shafranov equation.
Computer Physics Communications,
Vol. 235,
Issue. ,
p.
120.


	CrossRef
	Google Scholar






Faugeras, Blaise
and
Orsitto, Francesco
2019.
On the identification of the electron temperature profile from polarimetry Stokes vector measurements in Tokamak free-boundary equilibrium reconstruction.
Plasma Physics and Controlled Fusion,
Vol. 61,
Issue. 11,
p.
115002.


	CrossRef
	Google Scholar






De Tommasi, Gianmaria
2019.
Plasma Magnetic Control in Tokamak Devices.
Journal of Fusion Energy,
Vol. 38,
Issue. 3-4,
p.
406.


	CrossRef
	Google Scholar






Nouailletas, Remy
Nardon, Eric
Moreau, Philippe
Reux, Cedric
and
Truong, Tran-Phuc-Hai
2019.
WEST Magnetic Control.
p.
3214.


	CrossRef
	Google Scholar






Song, X.
Nardon, E.
Heumann, H.
and
Faugeras, B.
2019.
Automatic identification of the plasma equilibrium operating space in tokamaks.
Fusion Engineering and Design,
Vol. 146,
Issue. ,
p.
1242.


	CrossRef
	Google Scholar






Sánchez-Vizuet, Tonatiuh
Solano, Manuel E.
and
Cerfon, Antoine J.
2020.
Adaptive Hybridizable Discontinuous Galerkin discretization of the Grad–Shafranov equation by extension from polygonal subdomains.
Computer Physics Communications,
Vol. 255,
Issue. ,
p.
107239.


	CrossRef
	Google Scholar






Faugeras, Blaise
2020.
An overview of the numerical methods for tokamak plasma equilibrium computation implemented in the NICE code.
Fusion Engineering and Design,
Vol. 160,
Issue. ,
p.
112020.


	CrossRef
	Google Scholar






Giruzzi, G
Yoshida, M
Aiba, N
Artaud, J F
Ayllon-Guerola, J
Beeke, O
Bierwage, A
Bolzonella, T
Bonotto, M
Boulbe, C
Chernyshova, M
Coda, S
Coelho, R
Corona, D
Cruz, N
Davis, S
Day, C
De Tommasi, G
Dibon, M
Douai, D
Farina, D
Fassina, A
Faugeras, B
Figini, L
Fukumoto, M
Futatani, S
Galazka, K
Garcia, J
Garcia-Muñoz, M
Garzotti, L
Giudicotti, L
Hayashi, N
Honda, M
Hoshino, K
Iantchenko, A
Ide, S
Inoue, S
Isayama, A
Joffrin, E
Kamada, Y
Kamiya, K
Kashiwagi, M
Kawashima, H
Kobayashi, T
Kojima, A
Kurki-Suonio, T
Lang, P
Lauber, Ph
de la Luna, E
Marchiori, G
Matsunaga, G
Matsuyama, A
Mattei, M
Mazzi, S
Mele, A
Miyata, Y
Moriyama, S
Morales, J
Moro, A
Nakano, T
Neu, R
Nowak, S
Orsitto, FP
Ostuni, V
Oyama, N
Paméla, S
Pasqualotto, R
Pégourié, B
Perelli, E
Pigatto, L
Piron, C
Pironti, A
Platania, P
Ploeckl, B
Ricci, D
Romanelli, M
Rubino, G
Sakurai, S
Särkimäki, K
Scannapiego, M
Shinohara, K
Shiraishi, J
Soare, S
Sozzi, C
Suzuki, T
Suzuki, Y
Szepesi, T
Takechi, M
Tanaka, K
Tojo, H
Turnyanskiy, M
Urano, H
Valisa, M
Vallar, M
Varje, J
Vega, J
Villone, F
Wakatsuki, T
Wauters, T
Wischmeier, M
Yamoto, S
and
Zagórski, R
2020.
Advances in the physics studies for the JT-60SA tokamak exploitation and research plan.
Plasma Physics and Controlled Fusion,
Vol. 62,
Issue. 1,
p.
014009.


	CrossRef
	Google Scholar






Heumann, Holger
2021.
A Galerkin method for the weak formulation of current diffusion and force balance in tokamak plasmas.
Journal of Computational Physics,
Vol. 442,
Issue. ,
p.
110483.


	CrossRef
	Google Scholar






Han, K.S.
Park, B.H.
Aydemir, A.Y.
and
Woo, M.H.
2021.
A free-boundary equilibrium solver with a hybrid iteration method in a semi-bounded computational domain.
Computer Physics Communications,
Vol. 264,
Issue. ,
p.
107888.


	CrossRef
	Google Scholar






Liu, Shuang
Tang, Qi
and
Tang, Xian-zhu
2021.
A Parallel Cut-Cell Algorithm for the Free-Boundary Grad--Shafranov Problem.
SIAM Journal on Scientific Computing,
Vol. 43,
Issue. 6,
p.
B1198.


	CrossRef
	Google Scholar






Ostuni, V.
Artaud, J.F.
Giruzzi, G.
Joffrin, E.
Heumann, H.
and
Urano, H.
2021.
Tokamak discharge simulation coupling free-boundary equilibrium and plasma model with application to JT-60SA.
Nuclear Fusion,
Vol. 61,
Issue. 2,
p.
026021.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Quasi-static free-boundary equilibrium of toroidal plasma with CEDRES++: Computational methods and applications








	Volume 81, Issue 3
	
H. Heumann (a1), J. Blum (a1), C. Boulbe (a1), B. Faugeras (a1), G. Selig (a1), J.-M. Ané (a2), S. Brémond (a2), V. Grandgirard (a2), P. Hertout (a2) and E. Nardon (a2)

	DOI: https://doi.org/10.1017/S0022377814001251





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Quasi-static free-boundary equilibrium of toroidal plasma with CEDRES++: Computational methods and applications








	Volume 81, Issue 3
	
H. Heumann (a1), J. Blum (a1), C. Boulbe (a1), B. Faugeras (a1), G. Selig (a1), J.-M. Ané (a2), S. Brémond (a2), V. Grandgirard (a2), P. Hertout (a2) and E. Nardon (a2)

	DOI: https://doi.org/10.1017/S0022377814001251





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Quasi-static free-boundary equilibrium of toroidal plasma with CEDRES++: Computational methods and applications








	Volume 81, Issue 3
	
H. Heumann (a1), J. Blum (a1), C. Boulbe (a1), B. Faugeras (a1), G. Selig (a1), J.-M. Ané (a2), S. Brémond (a2), V. Grandgirard (a2), P. Hertout (a2) and E. Nardon (a2)

	DOI: https://doi.org/10.1017/S0022377814001251





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















