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Stability Analysis
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Criterial

e Computationally feasible for large-scale industrial problems
® Non-invasive to the solver

e Fully automated and user friendly
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'Mohammad Zandsalimy and Carl Ollivier-Gooch. “CFD Stability Improvement Using Dynamic Mode
Decomposition of Solution Update Vectors”. In: Journal of Computational Physics 513 (2024), p. 113195.
1SSN: 0021-9991. DOT: https://doi.org/10.1016/j.jcp.2024.113195.
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General Stability Improvement Approach
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0O@000

Solution Mode Identification

e Full Jacobian eigenanalysis of ® Dynamic Mode Decomposition
A c (Cnxn

Tp+1 = A:Ek (3)
Ax =) x, xeC" (1)
K:l = {ccl,ccg,...,a:m} (4)

]Cg = {$2,$3,...,xm+1} (5)
=AKi=KiB+r

y?A=)y", yecC" (2

® Scales at O(n?3)

® Scales at O(m?n)
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Approach
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Eigenvalue Gradient

® To find the direction and magnitude of vertex movement

® Direct method using finite differences

® Indirect method,
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ground Approach

Mesh Modification

® (Calculate modification vectors,
dA

>\new = )\old + dC

oG (8)

® Vertex movement limit,
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00000

Original Approach?

Optimization

Mesh Modification

Movement Vector

Vertices to Move

Eigenanalysis
Compute Jacobian

® Improved vertex selection

® Reduced optimization iterations e e

Solver

® Opposing eigenmode resolution
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2Mohammad Zandsalimy and Carl Ollivier-Gooch. “A novel approach to mesh optimization to stabilize
unstructured finite volume simulations”. In: Journal of Computational Physics 453 (2022), p. 110959.
ISSN: 0021-9991. DOI: https://doi.org/10.1016/j.jcp.2022.110959.
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ANSLib Results

Original Approach, 2D Euler

Fluent Results

,}4 knowledgment

® Solved using ANSLib, 2nd order finite-volume, implicit Euler time-stepping, CFL
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[e]e] le]e]
DMD Approach? (s )
Optimization
° ]Z—‘\U.Hy automatic ‘ ‘ — Mesh Modification
® Improves computational complexity |soer

Residual Calculation

® Eliminates eigenanalysis
® Novel vertex movement vectors
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3Mohammad Zandsalimy and Carl Ollivier-Gooch. “CFD Stability Improvement Using Dynamic Mode
Decomposition of Solution Update Vectors”. In: Journal of Computational Physics 513 (2024), p. 113195.
1SSN: 0021-9991. DOI: https://doi.org/10.1016/j.jcp.2024.113195.

® Feasible for large-scale simulations
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Background

ANSLib Results

DMD Approach, 2D Euler

® Solved using ANSLib, 2nd order finite-volume, implicit Euler time-stepping, CFL

evolution
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Run Time
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Incentive

® “What if your solver is wrong?”
® Use a commercial third-party flow solver
® Non-invasive to the host software

® Ansys Fluent is a great choice
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Original Approach, Modified 2D Cavity

® Reynolds 685000, £k —w SST, 26 000 DOF

SR
A%

STV o
SAVATATAVAY 1V AV 0T
KRS

Ay

X
%

0 ——  After

—— Before

AVATATATA
OO0
)

10

e

vy
o
%

ST
%,
a

IS

K\
50
ok
YADE

Kl

ORI R
BRI

SRR
QRO
A
/0,
7O

5

A
"4V

1
3
D0

020
o
v,
0
72y, 4TAY.
AN
XK
PORKE
3

TATATAY
OORE
%
%y

ravAY)

Avav4
A
2

TAVay
2\
%

20

X\
7
vavy
)
S
o

O
5

o0
iy
KN
KRR
OO
30
X

o
X
KRR
NASKY
SRR
RREPORR
VT
AT, AV
XK
ATy,
OO
KX
5
DO
SO
Taveyy
vy
XX
o
A

SO,

o

Q0
X
KX

%

TATATA
K

SR000

N
K

%
s
A

AV
RIS
T AVAT AT AT o
AR DORRSENN)
RN

-4

KA

RN
Y
X
£
B
Wy
s

5

Y
AATAY)

XK
K
5
A

AT

10

Ik

i
POORA
AVAVLI AT

5
X0k
X

.

2ER

)
RRS
ISk

N

NS
RS
va
vy
Vs
2
S

A
T
%o Q) O
RPO000
00K
avavy
P00
AT
£
ISOK)
RS
KN
RRRRRRIRKKRAR

30
)
5

£
4%y

ZISRS
2 va

P

vy
vavg
%

P
v,

SR

vy

v
OG0

A TATATavAY ARATAVAY )
AN AV AN v,y N a Y A T AvAwaTATA AT
SRR SOOI ORISR
ORI SOOI OCROO0
AT S CATAVAY O VAVATATA A S,
DERRIO000C0000002

vy
ava)
KT
KK
T
ATAT

vansy
5
AV

%
K

%
3
2
20
5K
S

DOCORRN

500 1000 1500 2000
Iteration

Mohammad Zandsalim,

17 /27



s Fluent Results
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DMD Approach, 3D Cavity

® Reynolds 7000, £ — w SST, 200000 DOF
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Fluent Results

[e]e]e] le]ele]ele]

DMD Approach, Compressible Channel

® Mach 1.2, inviscid, 13000 DOF
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Ansys Fluent Results
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DMD Approach, Compressible Channel

® Mach 1.2, inviscid, 13000 DOF
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Ansys Fluent Results
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DMD Approach, Automotive

® Reynolds 8.7 x 10%, k —w SST, 22 x 106 DOF
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Background Approach

Ansys Fluent Results

Conclusion
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DMD Approach, Automotive

® Reynolds 8.7 x 10%, k —w SST, 22 x 106 DOF
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ground

Ansys Fluent Results
000000080

DMD Approach, NASA CRM-HL

e 5th ATAA CFD High Lift Prediction Workshop, Case 1
e Mach 0.2, Reynolds 33 x 106, 11° AOA, k — w SST, 18 x 10° DOF
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Ansys Fluent Results

00000000e

DMD Approach, NASA CRM-HL

e Mach 0.2, Reynolds 33 x 10%, 11° AOA, k — w SST, 18 x 10° DOF
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Conclusion

[ 1]

Contributions

Proven stability improvement at a feasible computational cost

Automated optimization

Applicable to third-party closed-source solvers

Applicable to large-scale industrial problems
Not limited to CFD
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Future Work

Mesh generation and numerical solution coupling

Jacobian classification

Novel solution mode identification methods

Identify multiple local regions in one vector
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