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. Geometrical exibilit y (unstructured
tetrahedral grids).

Massconseration ( ux cortinuity).

Front resolution(

. Stabllity with res

DFEM).

®ectto grid Peclet( upwind ).

High order accuracyin time and space(2"

order).

Feasiblerestrictionsto time step (CFL).
Fast computationof time step( n, // ).

Fractional time steppingsdhemeby J.Jare
(INRIA)



Finite elemeh spaces

X X4
f = reiwei; Wegi 2 RTo(E)
E2", i=1

E - tetrahedron.



Temporal discretizationsubstep
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Global system with weired matrix ) further splitting



111. Slope limiter C? | C1,

Minimization of functir%nal:
J(CE; i CEy) = 1kC,2;1 CE. k2

| =
with constrairts: CZ** = C£’;  conservingmass
min(i) C"*™' max(i) avoiding
over/undershapts

min(i)=max(i) : min=max value of CZ on all

tetrahedra, cortaining vertexi.



Decompsition of FE space

) Il =1la+11b
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StandardMFEM system

Hybridization, Condensation) SPD matrix of size number

of faces.



Substep Ib
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Advantages:

Implicit di usion treatment.

Stability condition - CFL( h).

Formal order of accuracyO(h? + 2).
Sharpfront resolutionprovided by DFEM.

©O O O T O

One global systemper time step, A = A" > 0.
Isadwantages:

Conditional stabillity.

Specialtreatmert at Dirichlet boundaries.

s o©JU



Moving spot, operator splitting stheme

T=0 17=0.4

b= (1;0;0); D =10 ‘I



Moving spot, Impicit MFEM sdeme
with upwinding

T=0 T=0.4
b= (1;0;0); D = 10 ‘I

I High numerical di usion
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-14 Couplex1, T=10500

D T=10500 years
nonmonotone

P high numerical di usion( 129 65 5 points)
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T=50500years

/I: upto 1.65minunknowns,! jirygj 10 %% £ = 32



[l)Jisad\artages:

Matrix size:
NfacesI 1IN nodes VS NfacesI 3N nodes
NZperrow= 7 VS NZperrow= 11
) NZir ' 2:3N Zpex

Supercorvergenceuns.tetr. - hexahedral +

Advantages:

P Flexibility to geometries.
P

Automated local meshre nemen (conformal),
anisotropicadaptivity.

Dynamic meshre nemert/coarsening
(hierarchial meshes).
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Stepl Step 2 Step3
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3D Dynamicmesh:Advancingfront

T=10

T=20



DynamicmeshesAdvancingfront

Nf aces 250000 Nf aces — 800000
Front capturing-? The coarsestpossible
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Newtest case
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