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REDUCED-ORDER MODELING
OF COMPRESSIBLE CAVITY FLOWS
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FLOW-INDUCED UNSTEADY NUMERICAL IMPLEMENTATION
PRESSU RE LOADS Reduced-Order Modeling capabilities have been added to SPARC, a

computational fluid dynamics code currently under development at Sandia.
Flow past an open cavity, such as + Galerkin ROMs
a bay on an aircraft, can create - + Least-Squares Petrov-Galerkin ROMs
significant pressure fluctuations both - * Preconditioned LSPG ROMSs
inside and outside the cavity. + Projected Solution Increment or ldeally-Preconaitioned LSPG ROMs
- Provides an upper bound on the accuracy of the ROM implementations.
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For a given training set, we can
| | examine the effect of:
Computationally expensive Number of modes used in ROM
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Attempt to create a Reduced-Order | . | |
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Reduce dimensionality of problem by solving for a set of modal coefficients The training set is expected to have a
rather than the full degrees of freedom. | significant impact on the accuracy and

Discrete-optimal Least-Squares Petrov-Galerkin (LSPG) ROMs have shown . efficiency of the ROM

promise for non-linear fluid flow simulations. + Iraining W!”dOW eﬂgth u
L . . , + Training window position v
- Cavity simulation using a different | + Stride between snapshots = ek oo
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reduction in CPU core hours. Time
— This reduction in computational
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approximation with a sample mesh.
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Demonstrated that Reduced-Order Models trained on a fairly short time
| o interval can be used to recreate long term behavior of full-order model.
Offline Training Stage: Performed initial assessment on the impact of various parameters on
Collect Training Data: Run the Full-Order Model to generate snapshots of the flow state at several time instances. the accuracy of the ROMSs.
Density at Time Step k = 0 Density at Time Step k = 2000 Density at Time Step k = 4000 - Continuing to explore variations in the training set and improved
error metrics.
+ Exploring techniques to improve ROM accuracy.
— Structure preserving constraints to allow ROMs to better satisty
L. B) ) | the physics of the FOM.
- Basis moditication for improved ROM accuracy and stability (with
M. Balajewicz at UIUC).
+ Need to implement sample mesh to reduce computational cost of the ROMs.

Machine Learning: Construct a modal basis ® using Proper Orthogonal Decomposition (POD).
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Online ROM Evaluation Stage:
Model Reduction: Run the Reduced-Order Model to solve for the time history of the modal coefficients.
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