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Introduction Stability and convergence

Introducing a new high order method for the

wave equation in complex geometry.

Hermite methods
e High computation to communication ratio.

e Stable with order independent CFL cond.

e Minimal stencil.

e [ifficient on Cartesian grids.

DG methods

e Geometrically flexible.

e Boundary conditions are easy to enforce.

Hybrid Hermite-DG overset grid method

e All of abovel!

e Stable without any dissipation for a hyperbolic prob-
lem.
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D. Appelo, T. Hagstrom and A. Vargas, Hermite Methods

for the Scalar Wave Equation, SIAM J. Sci. Comput.
D. Appelo and T. Hagstrom, A new discontinuous

Galerkin formulation for wave equations in second or-
der form. SINUM, 53(6):2705-2765, 2015
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In Hermite methods the evolution i1s carried

out on each cell [x;, ;11| in two stages:
e Hermite interpolation.
e [ime evolution based on Taylor series and
collocation of the PDE. B s
A
- RIS RS =
0 2 S SO %Xv/}{ 3 -ch‘o‘f!‘r‘r”’ff;'r{%;"'-' »
2T LA PO | e
[T st £ KOO T 4 00000 MO YOIk
NANS S E=a 2 oo N
0.0 ﬁ::‘l— EH : o "“\\{‘\l\\‘
S ipzinim R
. . \ RN .
Construct Hermite interpolants ) NETRIES VT N
p 0.2 NN
SO AT DR
- RS RS 05 AN
om+3 ] NP T EraN DA AR, NS
— -0.4 \( ?LWLLL ] LP/K) \ \\\\\ \‘f
Piyile) = : SRS XS NN
2 ] LA LA AN S
(=0 “’L\L\L__, ‘ | 1 N \\\ —
satisfying e T T RS SSRSSSNMES S A L oL X
-0.6 ~0.4 ~0.2 0.0 0.2 0.4 0.6 -1.0 -0.5 : :
Recursion relations for Taylor coefficients : T | 77 ///,--
At : e - i E : 3 _ A
u(l,8+1):?v(l,s), - 2 21 R R /////,
. - = - ‘ t\ N \ > v oy
2<l+1)(l+2)At/\ ] / ',*f —o=-=23 =:§_' \\\7\\\ AN ] / 7 /
T 1) = C h2 U(l + 2, S)' 05 / ﬁ‘;r ”) =531 1388 i‘\s‘ﬁ \ ‘\ 0.5 f f ’
gy — =253 \ :
5 : * ”"fr"fffif—;_ 3\ 3\‘}“\\\\-\ \ ’ f y N
- 77 ot ——A S RN\ R ,
r & = -
/ / ' e A — @H\\x“\ W
4 *TYIll i AV 4 ﬁﬁ?-;‘-: \\h\ '
R 7
3 3 % 0.0 0 aMIlluu-i-'-u-EfE: :‘i:;::{uhlnnu]mmmn- % 0.0-
ommunication - IR gy 2009
"W AL Vs PPN {g::rf%',//}ﬂf | W
s\l \
tas  Ts T @ S\ N\
o - NS .-‘-:-'}l %7""4, 78,4 MR
] WY ‘\:. ‘Ezig i,:" ‘ ;, / ,/ l \ \\x\\\\\\
Q;Q /A & 0 NS AR ’4”/ 7 e \ N\
L E ' e S 2 &,‘i/ / AN
. = - , S
el; el els el; S AL AN N \\\\\
_ e f ; ’ ? ] \“\H
1: Evaluate Hermite /DG polynomial on quadrature points. o : o i e

2: Compute the unknown DoF by Lo-projection.

e DG timestep can be much smaller then Hermite
timestep.

e Data communicated to a DG grid every Hermite

timestep by evaluating Hermite space-time inter-
polants at each local DG time.



