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PROBLEM STATEMENT

Advection-based remap of a scalar quantity u

=Y T , inQx[0,1]

B Mesh velocity of the i-th node defined by?

V(X@') = Xi‘TZl — Xi‘TZO

il

Old mesh (7 =0) New mesh (7 =1)

B Boundary nodes only move along the boundary, i.e. v -n =0 on 9%

L(Anderson et al., 2015), (Anderson et al., 2018)
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NOTATION

B {o;} is the continuous high-order Bernstein basis on mesh 7(7) = {K,()}.",
B oy (x,7) = Zivzhl u;(T)pi(x,7) is a grid function

B & is the index set of elements which share the i-th node

B N°¢is the index set of nodes belonging to the e-th element

B )\ is the stencil of the i-th node, i.e., all j € {1,..., N} where
supp(ys) N supp(g;) 7 0.

m A= N {G)

.M@ZMmNeandMe*:M*mNe

Clip and Scale Limiting for Advection-Based Remap of Continuous Fields - P. Moujaes - 3/9



CG DISCRETIZATION

B Owing to the Reynolds Transport theorem, remap can be written as

with matrix entries

et ect;

4

Z/ oips, iy = Z/ 0i(v - Vi)
k

6

B Mass lumping and addition of element-based artificial diffusion yields low-order (LO)

scheme?
mits =) Y, (i + k) — )
e€&; jeN*
where
m; = Z mi; >0
JEN;
max (—kf;, —k5,0) ifi € N¢and j € N7,
dij =9~ Zke/\/;* diy ifi e N©and i = j,
0 otherwise.

2(Kuzmin and Hajduk, 2023)
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BOUND-PRESERVATION OF LLO SCHEME

B Bar-state form of Semi-discrete LO method

mZ’UJZ Z Z de + ke z) = Z 2d¢’€(ﬂi,e — Uz)

e€&; jeEN* e€&;

B (Pseudo-) time discretization with explicit SSP-RK method

UZ'SSP —uz+_22dze uze_ )

665
AT AT _
= 1 — . Z Qdiﬁ u; + . Z 2di’eui,e
et ' eeg;

W 7 is convex combination of u; and ; ., e € & under time step restiction

ZZdzegl

eES

B Therefore,
w™ = minu; < uP < maxu; = u™
JEN; JEN;
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ANTIDIFFUSIVE FLUXES

B Recover high-order scheme by addition of

(ZLZL — Uf) + dfj(ul - u]-), fi,e = Z Z’

je'/\/’ze*

e _ e
ij = T

to obtain
mit; = Z 2d; (Wi e — i) + fie
ecé;

*
fz',e

B Replace f;. by limited counter part f, and include in bar-states u;, :=u; . + 57~

m;u; = Z 2d; (U] . — u;)

ec&;

B Limit such that

u?lln éﬂ* < umax

,e — %
o
fieh =2 (™ — U o) <fio <2 (U™ — Ui ) = fiE

and therefore, the convexity argument holds
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CLIP AND SCALE LIMITING

max ) min)
yJie

];i,e = maX(min( ie Jie

B For mass conservation we need » .\« f/, =0

B Define

P = Z max (0, fi,e), P = Z min(0, f; )

ieNE ieNE

(—P—iﬁ-,e if fi.>0and PY+ P~ >0

fie=4—2f. iffi.<0and PF+ P <0
ﬁ o otherwise.

/i,
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SSP3-RK,

8/9

Pre remap velocity, |v| € [0,0.7704]

B 2D Sedov Blast problem (Q,
mesh order 2)

Initial condition on uniform mesh, u € [0, 1]

B Solid Body "Rotation" (Q,, SSP3-RK,
mesh order 3)

NUMERICAL EXAMPLES
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Remapped velocity, |v| € [0,0.7372]

P. Moujaes

Remapped solution, u € [0, 1]
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CONCLUSIONS

Clip and Scale Limiter applied to advection-based remap

.

B stable and nonoscillatory solutions
B Shock capturing and bound preservation

B shapes of initial condition preserved

J

Work in Progress

B |mplementation for linear advection in ex9 and ex9p (pull request #4505)

.

B Boundary penalty term to enforce v - n = 0 for velocity remap

M Subcell Clip and Scale Limiting
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