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Outline

O
&
= Motivation %Q)
= Equations & discretization GQQ/

* Maintaining continuity; adap@%
. Explicit MHD &
* Preconditioning strat

= ORAS precondi’i{@

= (Coarse corre t@‘l
=  Conclusio uture work
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MHD & Hydro Turbulence: Interaction of structures
with ambient turbulent fluid & with boundayies
Q/‘(‘
Phenomenological & fundamental: %Q)

Tr E! Kelvin-Helmholtz rolls
In match smoke
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Geophysics-Astrophysics Spectral-element

Adaptive Refinement (GASpAR) O
ﬁ*:-v

=Object-oriented framework for solving@%s on adaptive
grids &

=Uses tensor product form for mu{é@mensional operators
(hence, matrix-matrix-—BLA%— products)

=Equations are derived fr \Standard interface:
advection-diffusion, I&er-Stokes, MHD

»Adaptive grid mechg:g s independent of equations

&
0Q,~&A ilable at:

http://\/\@. mage.ucar.edu/TNT/Software/ GASpAR
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MHD Equations: Implemented in GASpA@

&
Magnetohydrodynamics: %Q)
X

gu+u-Vu=-Vp+j :n:b+©
@Eb:?x(uxb%h&/@b

V-u=0, %@D

Elsasser (1950) form:40
S

BIZL+Z¢+K%¢F?];J—HL?EZ;—U;?EZqE =0

O\)Q" V-Z-=0

Via definitions: 25 =uxb 5 = lv+y)
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Discretization via SEM method (Patera 19851)

| 23
eProblem well posed using spaces: %Q)
&

Q.O - Py-~Pn.2

J

eDiscrete spaces:

(S

eDiscrete problem: Q — —

&

Expand usﬁﬂ.{) GL or G polynomials...
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Discrete staggered grid

~O

&
P=5x4 e@(o

OO OF 280

N
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Conforming continuity: Associate local and global
dofs Q)

ID IE, @Y‘IEDz
16
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Nonconforming continuity (1)
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Nonconforming continuity (2): Interpolati@ implied
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Mortar Data Structures: Perform interpo@tions

(Hold global DOF)
® =virtual DOF
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Rosenberg, Fournier, Fischer, Pouquet,

Adaptivity: IConnAMR  J.Comp.Phys. 215:59 (200@

&

=Applies ‘forest of oct-trees’, weak dat @Ctures

=Uses a 29:1 isotropic refinement position
*Employs voxel database (VDB) cate element
neighbors and to set I properties

»\/ariety of a-posteriori ref\ig?ment criteria;
also user-defiricﬂ
»2-d and 3-d Q/%

&
C)O
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Rosenberg, Pouquet, Mininni,

M H D New J. Phys., 9:304 (2007);
Discretization Ng, et al. Ap. J. Suppl., 1,7‘7@613 (2008)

Q/‘(‘
*Semi-discrete equations %Q)
&

OC.)

((/Q*

*DNS==>0ne-step explicit time disvﬁization:

R

Q/%

*Apply dive %ce constraint to

discretia@ Ssystem: ‘
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Pseudo-Poisson Fischer JCP 133:84 (1997);
operator Kruse et al, J Sci Comp. 17(1):81 (@z)

Q.
,&Q/

<
: ~O

((/‘(‘
Inhomogeneity: %
Qv
Communication is higden in Stokes operators:

This operatc@éo appears in Navier-Stokes from a Schur

decompos@g of discretized equations accurate to second
order in At.
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Orszag-Tang (OT) Problem: SEM AMR has
excellent accuracy on challenging problem

*Current Density &?ﬂiity
” - @

i r
= 7 4
0.6 . B ":1

0.4 Q| 0.4| .

0.2 ,&: 0.2
0 0 -
0 0.2 0.4 0.6 0.8 1 0 0.2 04 _ 06 0.8 1

Rosenberg, gJuquet, & Mininni. For OT, see: JFM 90, 129, 1979
New J. Phys, 9, 304 (2007).

N
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OT SEM convergence: Truncation order@atters!

80 . r . ; X
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! Black: pseudo-spectral
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Iteration count scaling with Re in OT: Bl%k Jacobi

Z7 Iteration Count vs Re for OT < P
/00 T @

Z7 lterations

100 .
10 N 100 1000
Reynolds number

Preconﬁitloning clearly required!
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St-Cyr, Rosenberg, Kim, in press;

Preconditioning strategy arXiv:0805.0025v 1.(2008)

ya)
K=
Precondition the following pseudo-Laplacian O@f:
&
&

*Restricted Additive Schwarz (RA@egin with conforming grids

X —1lRT

*Apply results of St-Cyr, et @‘Q)O?) to optimize Q1 blocks

4

*Use multilevel idea cher (1997)
Use equiQ'l_gnce between Q1 and SEM

O
O
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RAS: Tiling extended grid Fischer, JC&133:84 (1997)

Corner nodes Q)Q/

-+ *Variable overlap
*Assemble 1d FE
D mass & stiffness matrices
- (. between nodes (Q1)_

+t *Allow for communication
* % of corner data

Extended grid
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RAS FEM Operator Assembly

Gauss grid node : Gauss—Lobatto nn@—pnim '# Extended Gauss grid node
-Use linear shape function@%uild 1-d mass and stiffness operators;

-Do DSS.
-Construct 2- and 3- placian operators using tensor products..

K
1D—1\§.~ > RE A'Rp
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St-Cyr, Gander & Thomas, SIAM JSC,
29:2402 (2007);

RAS optimization Dubois, et al (2009);
Gander, SIAM J. Num. Anﬂ,@é% (2006)

» Given a Schwarz method transform to optimized ver§Qns (RAS case)

Q.

« St-Cyr et al. (2007) find under whic@ﬁditions this is possible
- Conditions in the RAS case: %ijkﬁi =0, mk

< Ity "4» | < Fs —>
7\ 7\ 7\ 1 7\ 7\ 7\ M\
< Q‘ < ; > >
Boq Bis o

In th@)Qse, transmission operator must have 2 points
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Numerical Experiments

o
*Native stand-alone pseudo-Pois&éac))lver
*Periodic boundary conditionsOQ)

-Use BiCGStab <&
*Krylov vector initialized random noise
«Corner communicat@?“

Embedding: repl @FE operator with SEM
-Extrapolation'Q/ébowed when not using corner
A Mcommunication

X
C)O
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RAS vs overlap: Saturation at overlap ofé

HAS vs Overlap, Nv=9
E=8x8, tol=1e-8
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ORAS corner communication: Corners n&cessary!
ya)
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ORAS asymptotic scaling
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Coarse grid correction

C
o?rse , Q/%

?‘ Fi|ne: ORAS
Q\)

*Coarse grid is fine g@f}eleton but at low no. Fes (F=1, 2 or 3)

*R. is simple inte@tion from fine to coarse grid

-A-operator'@EM Laplacian; tiling same as in RAS w/o overlap
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Coarse grid scaling: Conforming grids: Vary no.

FEs: asympotics look good!

~O

55

Fix expansion degree (p=6), vary number of FE

S0F

+ F=1,p=6
4+  F=2, p=6
+ F=3, p=6

45F
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Coarse grid scaling: Conforming grids: Vary
degree: asymptotics again look good! (&

Fix number of FEM nodes (F=3), val‘?‘éﬁ
45 ; ) |
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Considerations for nonconforming overl

(&

Applies to fine grid only;
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Conclusions & (near-)future work

;O
Q/‘(‘
N
Demonstrated asymptotics of OR r pseudo-
Laplacian operator on st red grid,

Demonstrated iteration %Iiﬁeauing/optimization

with coarse gr@abrrection

4

*Coarse solve %g ‘factor once, use many’:
e.g. @’G SuperLU, XXT, MUMPS

.Comdigte 3D ORAS
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Speedup
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Adaptive SEM vs uniform FD on MICI preglem

10-1F ' Q/\(‘
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&
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ORAS vs RAS and Block Jacobi G

ORAS_FDM vs RAS_FDM vs BJ_FDM with noi%t

E=8x8, tol=1e-8, Overlap=2 Q
1 ED T T I | T I N I T
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ORAS Q0 FDM ¥ %@
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& |
N |
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Embedding Results
g O

HAS vs ORAS with Corners & SEM Embedding @C

E=8x8, tol=1e-8, Overlap=2 Q
110 T T j T
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B AN
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Semi-discrete equations

Y~
ng
Advection-Diffusion: Q/%

tlrllj

M
dt

= —MCu; — Luy; Qp

Navier-Stokes: \)?“
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Continuity: Operators

~O

&
X

Advection-Diffusion, semi-implicit form; %
g é<’
H=-—-M+vL

. QF
PAATSTHOAU = PAALDTS
Y

\)?‘
DSS operator
p 4Q

Nawer—StokeS

D—}Eé@
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Fournier, Rosenberg, Pouquet,

Navier Stokes: 3-vortex simulation g 2% 242

O
Q

Time 4.000000e-04 (file Zeta0000000 17-Jan-2006 12:33:38)
94 §=G elements, v=diag[1.266515e-06 1.26651 5e-06]
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wavevector shell radius &

Vorticity (Ieg.%d energy spectra (right; Fournier, J. Comp. Phys.,
215(1), (20087%) for Re=10%. Note power law spectral behavior with

filament formation
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Fournier, Rosenberg, Pouquet,
GAFD (2008)

Navier-Stokes: 3-vortex simulation
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MHD: Island coalescence instability
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Ng, Rosenber, rmaschewskl Pouquet, Bhattacharjee,
Ap. J. Suppl., ), 613--625 ( 2008)
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OT SEM convergence G
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Evolution of iteration count for OT: Blockdacobi

Z7 CG Iteration Evolution for OT @@
00" O% .f
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MHD Turbulence

Mininni & Pouquet (2007)
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Hydro Turbulence

Taylor-Green flow Q‘;‘
at 643, 256°,10243, Q)
20483 (Mininni, A IS,

Pouquet 2007

Kelvin-Helmholtz ro
In match smoke

\§2~
C)
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