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Motivation

Separation

Flow Direction

NASA FAITH Hill, Bell et al. 2012

Juncture Flows

NASA Juncture Flow, Ghate et al. 2020
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Current Future

Il Flight Test
Piloted Sim Cab
Desktop Sim
Other

Boeing 2018

Roughness

Industry Standard RANS Models:
Spalart & Allmaras (1992)
Menter (1994, 2003)
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https://www.aerosociety.com/media/8864/15-cert-by-analysis.pdf

The Tripod of Science

Scientific Knowledge

T « Multi-disciplinary investigators
) ° Multi-disciplinary teams
Collaboration and synergy

Simulations

Experiments
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Typical Model Development/Validation

1.

Experimentalists design and perform experiment to study fundamental
physics

Experimentalists document quantities of interest to experimental findings
Modelers make educated guesses about boundary conditions, flow
behavior, etc. and simulate experiment

Modelers develop and validate model based on these data

Svnergistic Model Development/Validation

1.

Experimentalists and modelers work together to design validation
experiment

Risk reduction experiments and computations are performed in parallel -
findings are shared and reviewed together

Experiment and digital twin are investigated in parallel, detailed
measurements are made of quantities required for simulation setup and
validation

Team develops and validates model based on these data

Bottom Line:

We may have reached the limit of what can be
accomplished in isolation.
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Creating Multi-Discipline Synergy
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Computations Improve Experiments
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Experiments Improve Computations

Known:
Geometry
Boundary conditions
Reference conditions
Asymmetries (geometric and flow-induced)
Uncertainties & ranges
Setup details

* Trips, steps, etc.

* Probe locations
“Boring” data

e Contraction flow

e Off-span flow

* Corners

*  Wakes
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Referencing Schemes

Reference to “Free-Stream”

Common Referencing Scheme
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Blockage Effects — U -
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3D Wind Tunnel Flows
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Final Points

Cross-discipline collaboration enabled higher quality, more
complete experiments and more robust and accurate
simulations.

Wind tunnels are internal, 3D problems.
Next generation turbulence models will come from well

documented, fully complete™ collaborative studies.

*Oberkampf & Smith 2017 JvvUuQ
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