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General Problem

e POD
e RBM
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@ systems theoretic ROMs (Serkan ©@)
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Standard Solution Model

r
ou=> gy
j=1

° <G,,<p,-> = (f(u,),¢i> i=1,....r

@ Galerkin ROM 1
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Solution

New Solution Discretization Levels

() PDE  dim= oo
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New Solution Data-Driven Model
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DDF-ROM Reproductive

@ Re = 1000
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lution

DDF-ROM + Constraints Predictive

@ Re = 1000

@ 50% data
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Correction = Numerical Dissipation

@ eddy viscosity ROMs

wvugmaTem

invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePaS 2018 13/17



Correction = Numerical Dissipation

@ eddy viscosity ROMs

@ mixing length: Lumley et al

wvugmaTem

invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePasS 2018 13/17



Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePaS 2018 13/17



Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePaS 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Correction = Numerical Dissipation

@ eddy viscosity ROMs

mixing length: Lumley et al

Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

dynamic subgrid-scale: Wang et al

@ numerical stabilization

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

@ numerical stabilization

@ Noack et al, lollo et al, Karniadakis et al, Farhat et al, Amsallem et al, Carlberg et al,
Kalashnikova et al, Balajewicz et al, Wells et al,. . .

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

@ numerical stabilization

@ Noack et al, lollo et al, Karniadakis et al, Farhat et al, Amsallem et al, Carlberg et al,
Kalashnikova et al, Balajewicz et al, Wells et al,. . .

@ Schneier Friday talk

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

@ numerical stabilization

@ Noack et al, lollo et al, Karniadakis et al, Farhat et al, Amsallem et al, Carlberg et al,
Kalashnikova et al, Balajewicz et al, Wells et al,. . .

@ Schneier Friday talk
@ Stabile Thursday talk

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

@ numerical stabilization

@ Noack et al, lollo et al, Karniadakis et al, Farhat et al, Amsallem et al, Carlberg et al,
Kalashnikova et al, Balajewicz et al, Wells et al,. . .

@ Schneier Friday talk
@ Stabile Thursday talk
@ Ali, Hijazi Wednesday poster

MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePaS 2018 13/17



Connections

Correction = Numerical Dissipation

@ eddy viscosity ROMs
@ mixing length: Lumley et al
@ Smagorinsky: Noack et al, Ullman & Lang, Wang et al, Rozza et al
e variational multiscale: lollo et al, Wang et al, ...

e dynamic subgrid-scale: Wang et al

@ numerical stabilization

@ Noack et al, lollo et al, Karniadakis et al, Farhat et al, Amsallem et al, Carlberg et al,
Kalashnikova et al, Balajewicz et al, Wells et al,. . .

@ Schneier Friday talk
@ Stabile Thursday talk
@ Ali, Hijazi Wednesday poster

@ Taddei Wednesday poster
MVirginiaTech

Invent the Future

T. lliescu (Mathematics) DDF-ROM MoRePa$S 2018 13/17



Galerkin ROM Stable, Not Accurate

@ stable

o
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Sea (Grant, Stewart and Moillet 1962) )
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