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2 Mathematis Laboratory, Paris-Sud University, Orsay, Frane.franois.dubois�math.u-psud.fr24 february 2011 ∗The importane of extending the lattie Boltzmann sheme from square regular meshesto unstrutured triangulations has been reognized during the last years of 20th entury([Ch98℄, [KSO99℄, [PXDC99℄). In partiular the �volumetri formulation� of H. Chen[Ch98℄ makes a link with �nite volumes, using the �Inria ells� [Vi86℄ around eah vertexof a �nite element type triangulation. This method is still under ative development([UBS03℄, [USB04℄, [PUS09℄).In this ontribution, instead of adopting this volumetri formulation, we onsider thelattie Boltzmann sheme as a partile method with given disrete veloities and extendto triangular meshes the approah of d'Humières [dH92℄.We take a �nite element type bidimensional mesh T omposed of triangles K ∈ T 2. Eahtriangle K has 3 edges. Eah edge inside the border of K is part of the boundary of (atmost) two triangles : the triangle K0 ≡ K itself and its jth neighbor Kj. It is then naturalto onsider outgoing partiles (fj)0≤j≤4 going from K towards Kj with a loal veloity

vj(K) hosen in suh a way that the enters of both triangles K and Kj are joined inexatly one time step of duration ∆t. This remark explains the name �D2T4�.We distinguish between ingoing (fj)0≤j≤4 and outgoing (f̃j)0≤j≤4 partiles linking trian-gle Kj and the referene triangle K. In the same way that the triangle Kj is neighbornumber j relative to triangle K, the triangle K is neighbor number ℓ relative to triangle
Kj . With these notations, we have vj(K)+vℓ(Kj) = 0. After a relaxation step f −→ f ∗desribed with d'Humières's method [dH92℄, the outgoing partiles f ∗

j (Kj) enter insidetriangle K after a time step ∆t. The lattie Boltzmann sheme an be written as
f̃j(K, t + ∆t) = f ∗

ℓ (Kj , t) .In the onferene, we will present �rst simulations obtained with the orrespondingmethod for various linear seond order salar problems on triangular meshes of the type
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2 François Duboisproposed in Figure 1. We will analyse also the orresponding sheme with the so-alled�Taylor expansion method� [Du08℄ and disuss onditions for higher auray, and give�quarti parameters" [DL09℄.
Figure 1. Typial mesh with equilateral triangles.The four degrees of freedom of D2T4 sheme areloated at the gravity enter of eah triangle.The links between triangles reate the dual hexagonal mesh.The author thanks Pierre Lallemand for rih interations all along the elaboration of thiswork.[Ch98℄ H. Chen. �Volumetri formulation of the lattie Boltzmann method for �uid dy-namis: Basi onept�, Physial Review E, vol. 58, p. 3955-3963, 1998.[dH92℄ D. d'Humières. �Generalized Lattie-Boltzmann Equations�, in Rare�ed Gas Dy-namis: Theory and Simulations, vol. 159 of AIAA Progress in Astronautis andAstronautis, p. 450-458, 1992.[Du08℄ F. Dubois. �Equivalent partial di�erential equations of a lattie Boltzmann sheme�,Computers and Mathematis with Appliations, vol. 55, p. 1441-1449, 2008.[DL09℄ F. Dubois, P. Lallemand. �Towards higher order lattie Boltzmann shemes�,Journal of Statistial Mehanis: Theory and Experiment, P06006, doi: 10.1088/1742-5468/2009/06/P06006, 2009.[KSO99℄ I.V. Karlin, S. Sui, S. Orszag. �Lattie Boltzmann Method for Irregular Grids�,Physial Review Letters, vol. 82, p. 5245-5248, 1999.[PXDC99℄ G. Peng, H. Xi, C. Dunan, S. H. Chou. �A Finite Volume Sheme for theLattie Boltzmann Method on Unstrutured Meshes�, Physial Review E, vol. 59,p. 4675-4682, 1999.[PUS09℄ G. Pontrelli, S. Ubertini, S. Sui. �The unstrutured lattie Boltzmann methodfor non-Newtonian �ows�, Journal of Statistial Mehanis: Theory and Experiment,P06005, doi: 10.1088/1742-5468/2009/06/P06005, 2009.[UBS03℄ S. Ubertini, G. Bella, S. Sui. �Lattie Boltzmann method on unstruturedgrids: Further developments�, Physial Review E, vol. 68, 016701, 2003.[USB04℄ S. Ubertini, S. Sui, G. Bella. �Lattie Boltzmann shemes without oordinates�,Phil. Trans. of the Royal Soiety London A, vol. 362, p. 1763-1771, 2004.[Vi86℄ G. Vijayasundaram. �Transoni �ow simulations using an upstream entered shemeof Godunov in �nite elements�, J. of Computational Physis, vol. 63, p. 416-433, 1986.


