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OBJECTIVE

Develop and implement a robumultigrid(MG)
method into a fully parallelized and unstructured
RANS code FUN3D) to achieve a substantial
speedup for a wide range of problems.

Grid-independent convergence.
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Chapter 1.

Eliminate LFE quickly.



FUN3D: SingleGrid Scheme

Residual (Nodecentered FV discretization):

2nd-order edgebased (inviscid, Roe) + Gre€dauss (viscous).
Turbulence equation loosebpoupled with meaifilow equations.

R(U) =0
Iteration (Implicit):
N\ )
Update: Uktl = yk 4 sU il
Linear Sweep: [ 2  OR — P 7
e

Multi-color GaussSeidel pointine scheme




Multigrid

Fedorenk@1961) Brandt (1977)

Remove lowfrequency errors quickly by MG.



Multigrid: Full-Approximation Scheme

Two-grid v (v1,v») cycle a building block:

Relaxations Relaxations
V1 %)
Correction
U, R
Restriction Prolongation

(SU)C = U° - U§

REUS) = £(US, ) \ /

Apply this recursively to multiple coarse grids\:v/

Multigrid requires a fewer number of linear sweeps dambbiarevaluations:

Cost[MG V(3,3)with 5 sweeps ]=2  Cost[SG with 15 sweeps ]



AgglomerateaMultigrid

Merge control volumes

Smith(1990) LallemandSteveDervieux1992),Mavriplis-Venkatakrishnafi995),
SorenserHassarAMorganWeatheril 2 0 0 3 ) é
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MG convergence can deterior
Venkatakrishnaf1996)
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Chapter 2.

Consistent with Target



Viscous Coarsé&srid Discretization

( Inviscid: First-orderversion of the finggrid scheme)

How to construct the gradient at face:

Uj —U; FaceTangent

EdgeTerm: 0°U =
J Aly;

AveragelL SQ gradients: v = %(VUfSQ + VUfSQ)

AConsistent schemes:

Edgenormal Avg-LSQ scheme: /7 in edgenormal direction

FacetangentAvg-LSQ scheme: V7 In facetangentdirection

Alnconsistentschemes:
Edgetermonly scheme: TakVU — O in hay-LSQ scheme.

I lerkinConstruction: A© = f
Scaledsale A"=RA'P [Thomas, et. al. C&F201]



Deterioration on Fine Grids

Model diffusion on Isotropitetrahedral grids (AIAA Journal 2010)
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Chapter 3.

Secure Interior connections.



Interior Connection Problem
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Hierarchical Agglomeration

Hierarchical Agglomeration (base scheme):

Corners

AAssign hierarchies corners, ridges, valleys, interiors. x

AAgglomerate within the topology(for interior connection)
Ridges

AAdvancing-front: cornersh ridgesA valleysA interiors. i

Agglomeration Schedule:

1. Viscous boundaries (bottom of implidihes)
2. Prismatic layers (implicitine agglomeration). Valleys
3. Rest of the boundaries. N
4. Interior.

Full-coarseningline-agglomeration (unique feature)



New development in this paper.

Parallel Agglomeration

Partitioning does not break implidihes.

Apply the hierarchical agglomeration scheme to
each partition independently f‘

ANo agglomeration across partition-
AAgglomeration igartition-dependent.
(No significant differences observed in the results.)




New results with parallel version.

Inviscid: WingBody (1M nodes)

AOA=0 degree, Mach=0.&FL=200

Multigrid: 3-level V(2,1), 5 linear sweeps
Single Grid: 15 linear sweeps

Processors: 4, 8, 12, 16
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5 times faster than the S€&hemerjp=16).



