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Motivation

Can we remove spurious modes without pressure error?
Develop proper filtering for Cartesian meshes

Gain insight in filtering for unstructured meshes



i E Q =
Spurious modes — Kernel of Laplacian

P.=DP; +P;
p. € Ker(L.)
Lep. = Lr:[—”’.?:L +Lcp. = L{:p:




i E Q 525
Spurious modes — Kernel of Laplacian

P.=P,; +P;
p. €Ker(L,)
Lepe=Lepl +Lep, = Lep;

Nullity(L.) > 1> spurious modes

(Nullity(L) = 1: constant mode —> reference pressure)

If we know Ker(L_) we can just filter p°



i E Q 525
Spurious modes — Kernel of Laplacian

P:.=Ps +P.
p. € Ker(L)

_|_

Lepe = Lu::p;:L +Lep, = Lep,

Nullity(L.) > 1> spurious modes

(Nullity(L) = 1: constant mode —> reference pressure)

If we know Ker(L_) we can just filter p°

Calculate using Singular Value Decomposition?



i E Q 525
Spurious modes — Kernel of Laplacian

P:.=Ps +P.
p. € Ker(L)

_|_

Lepe = Lu::p;:L +Lep, = Lep,

Nullity(L.) > 1> spurious modes

(Nullity(L) = 1: constant mode —> reference pressure)

If we know Ker(L_) we can just filter p°

Calculate using Singular Value Decomposition?
Cost cales with O(n”3) +



i E Q 525
Spurious modes — Kernel of Laplacian

P:.=Ps +P.
p. € Ker(L)

_|_

Lepe = Lu::p;:L +Lep, = Lep,

Nullity(L.) > 1> spurious modes

(Nullity(L) = 1: constant mode —> reference pressure)

If we know Ker(L_) we can just filter p°

Calculate using Singular Value Decomposition?
Cost cales with O(n”3) +

L. depends on mesh and discretisation;
can’t we deduce Ker(L,.) from mesh and discretisation?
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Relations between gradient operators

Ge=T'scG | G.=Gglls
Midpoint | TMG * GgIM
Linear rtG X Ggllg
Volumetric r{.G GGl
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Less options for L.

G is easier to implement

Many solvers use MTLGgIL, which
IS hon-symmetric

Useful in deriving kernel vectors
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Filtering spurious modes

Shashank et al./Journal of Computational Physics 229 (2010) 4425-4430

time

! (a)

P =  — oy 0'9 5 " i " " " " " " i
p;- = pf — Z (pf - c (I)] c {I] 0 0.1 0203040506 070809 1

(d)

Fig. 1. Inviscid Taylor vortex. (a) Temporal evolution of kinetic energy using the present (solid) and Rhie-Chow (dotted) methods. (b-d) Pressure contours
for the present (b), Rhie-Chow method (c¢) and without any correction (d). 11
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How do spurious modes arise?
* Non-symmetry of Laplacian operator?
e Solver?
* Rounding errors?

Simple mesh changes can reduce nullity to 1.

* Will this eliminate checkerboarding?
* Are other (low EV) modes also problematic?

L\
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