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MOOD: An a posteriori paradigm to stabilize high accurate numerical schemes. “Multi-dimensional Optimal Order Detection” Direct Arbitrary-Lagrangian-Eulerian context
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Many thanks to my collaborators on MOOD ... and welcome to the furure ones !



Italy W.Boscheri, M.Dumbser, O.Zanotti — Trento



Czech Republik P.Vachal, M.Kucharik, R.Liska — CVUT, Prague



Portugal S.Clain, G.Machado, R.Pereira — Braga



U.S.A. M.Shashkov — Los Alamos, NM



France S.Diot, J-.P. Braeunig, C.Fochesato, R.Motte, M.Peybernes, R.Poncet — CEA G.Blanchard — Toulouse ` R. Loubere (IMT and CNRS)
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Summary of the talk



Introduction and general philosophy of a posteriori MOOD paradigm Reminder on MOOD for Eulerian FV schemes Detection criteria in the Hydrodynamics and (Relativistic) MHD contexts. MultiD test problems on (un)structured meshes. Efficiency and performances compared to classical WENO code



MOOD for ALE FV schemes Detection criteria in an hydrodynamics mesh moving context. 2D/3D test problems.



Conclusion and perspectives



` R. Loubere (IMT and CNRS)
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MOOD : Multi-dimensional Optimal Order Detection Prelims



Context MOOD concepts stated and developed during S.Diot’s PhD (2009-2012) with S.Clain (U. do Minho, Portugal). Full implementation and testing for [1-3] has been done by S.Diot. Design principles Genuinely multidimensional Eulerian finite volume on unstructured meshes Arbitrary high-order polynomial reconstruction Detect the ’optimal polynomial degree’ (stable, robust, accurate) Bibliography ` [1] S. Diot, R. Loubere, S. Clain, The MOOD method in the three-dimensional case, Int. J. Numer. Meth. FLUIDS (2013). [2] S.D, R.L, S.C, Improved detection criteria for the MOOD on unstructured meshes, Comput. Fluids 64 (2012) 43-63. [3] S.D, R.L, S.C, A high-order finite volume method... (MOOD), J. Comput. Phys. 230 (2011)
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MOOD : Multi-dimensional Optimal Order Detection Prelims MOOD as an a posteriori limiting procedure The general idea of testing a candidate solution at t n+1 revealed fruitful in other contexts ⇒ ADER-PN PM code of M.Dumbser is the starting point for large testing campagne. Other systems Hydrodynamics (HD) equations



Other frameworks Eulerian Finite Volumes (FV)



Magneto-HD (MHD) and RMHD



Arbitrary-Lagrangian-Eulerian (ALE) FV



Baer-Nunziato, kinetic (on going work)



Subcell limiting in FE DG methods



Bibliography [4] R.L, M.Dumbser, S.D, A New Family of High Order Unstructured MOOD and ADER Finite Volume Schemes for Multidimensional Systems of Hyperbolic Conservation Laws , 2014, CiCP 16 (3), pp. 718-763 ` [5] M.Dumbser, O.Zanotti, R.Loubere, S.Diot, A posteriori subcell limiting of the discontinuous Galerkin finite element method for hyperbolic conservation laws, J. Comput. Phys. 278, 2014, pp 47-75 ` [6] W.Boscheri, M.Dumbser, R.Loubere, Multi-dimensional direct Arbitrary-Lagrangian-Eulerian high accurate ADER-MOOD finite volume schemes, submitted 2014 ` [7] W.Boscheri, M.Dumbser, R.Loubere, 3D Arbitrary-Lagrangian-Eulerian high accurate ADER-MOOD finite volume schemes for general conservative and non-conservative hyperbolic systems, to be submitted 2014-2015.
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Philosophy Generic High-Order/Accurate Finite Volume scheme
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Polynomial Reconstruction



Unlimited
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Limiting
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Wi



n+1



Time int.



High accuracy Accuracy in space due to unlimited reconstructions of state variable to feed the fluxes Accuracy in time due to iterations (Predic./Correct., Runge-Kutta) Stabilization due to ’limiting’ Need high accuracy for space/time (numerical) integrations
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Philosophy FV scheme
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MUSCL (Kolgan, Van Leer. . .) scheme : P1 reconstruction + limiter to enforce bounds
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P/C, RK3
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Philosophy WENO (Shu, Osher. . .) : PM polynomials + non-linear combination to get ENO behavior
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P0 PM (Dumbser, Munz, Toro. . .) : PM reconstructions + ADER
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Philosophy MOOD : Multi-dimensional Optimal Order Detection Most limiting strategies are based on an a priori process (i.e based on W ni only) 1



’Worst case scenario’ – Over/undershoot of reconstructions are premisses of oscillations !



2



’Precautional principle’ – I preventively must act to avoid creation of new extrema



3



’Prediction capability’ – Given W ni I know when/how/where my scheme will misbehave



However 1



’Worst case scenario’ – Increase of mean value does not imply occurence of an oscillation



2



’Precautional principle’ – Is it always/often legitimate to act ?



3



’Prediction capability’ – Can I predict the scheme reactions when applied on a NL system ?



A posteriori MOOD paradigm 1



compute W n+1 with unlimited reconstructions ; i



2



a posteriori Detect if W in+1 locally fails ;



3



Localy to i Decrement the order of accuracy of reconstructions. Re-update these cells.
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Philosophy MOOD : Multi-dimensional Optimal Order Detection MOOD : P≤M reconstruction with a posteriori detection and decrementing
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