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Symmetry-Preserving method

1. Projected gradient distances —
2. Consistent Div, Grad, Lap
3. Midpointinterpolation in C(u,) 3
4. Volumetric interpolation H
* Flux term of Poisson equation Q.
* Correction term after Poisson oy
C
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px _ _p ~ P
u. =u, —G:p;
~ _ p* _ p ~ P
Lpﬁ—MEuC =M, — L:p,

~n+l _ =~

prt =pc +Pe

Lowering pressure error ~ (L— L.) p..
Larger part on L. = More prone to checkerboarding
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Induction-less approximation

Formulation of second Poisson equation

ou

§+(H-V)u:vvzu—V(p/p)+(J><B)/p, V-u=0,

J=0(—Vo+uxB), V-J=0.
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Quantifying checkerboarding

Starting from the pressure budget term:

—u. QGepe =piMou,=Atpl (L—-Lo)pe € [Atpl Lpe,0]

Rearranging to:

.1 PilePe | PeGiOGpe | 1IGepell o) [0, smooth
” P Lp. p: GTQGp, IGpell |1, fullyin Ker(Le)
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Balance checkerboarding and accuracy

General predictor coefficient:

GELC(LC

al La, G:> Low Cb Iﬁl

Adjusted prediction equations:

0o =

Use less predictor Use more predictor
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Magnetic 2D Taylor-Green Vortex

Solvers: SP-6p SP-01 SP-64, Ni

Ni M J, Munipalli R, Morley N B, Huang P and Abdou M A 2007 J. Comput. Phys. 227 174204
Ni M J, Munipalli R, Huang P, Morley N B and Abdou M A 2007 J. Comput. Phys. 227 205228 10
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Magnetic 2D Taylor-Green Vortex

Solvers: SP-6p SP-01 SP-64, Ni

Meshes:

Ni M J, Munipalli R, Morley N B, Huang P and Abdou M A 2007 J. Comput. Phys. 227 174204
Ni M J, Munipalli R, Huang P, Morley N B and Abdou M A 2007 J. Comput. Phys. 227 205228 10



Error analysis
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Checkerboarding

SP-6, SP-6, SP-0y4, Ni
Re Ha Mesh Peb (ibr:b Peb ‘;bch Peb ‘;bch Peb Qbr:b
Inviscid 0 uniform 0.04 - 0.04 - 0.04 - 0.04 -
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100 100 uniform 0.04 0.01 0.04 0.01 0.04 0.01 0.04 0.01
100 100 perturbed 0.83 0.01 1.00 0.89 0.85 0.01 1.00 0.05
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Conclusions

-Effective method to quantify checkerboarding
-Balances checkerboarding and numerical dissipation
-Turns “off” on uniform meshes = eliminate dissipation
-Turns “on” on perturbed meshes - eliminate checkerboard
-Symmetry-preserving method is robust
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