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Aeroelastic computational benchmarking

* Technical Challenge:

Assess state-of-the-art methods & tools for the prediction and assessment
of aeroelastic phenomena

* Fundamental hindrances to this challenge

= No comprehensive aeroelastic benchmarking validation standard exists

= No sustained, successful effort to coordinate validation efforts

» Approach
= Perform comparative computational studies on selected test cases
» |dentify errors & uncertainties in computational aeroelastic methods
= |dentify gaps in existing aeroelastic databases

= Establish best practices

http://nescacademy.nasa.gov/workshops/AePW2/public/



AePW building block approach to validation

Structural dynamics

Utilizing the classical ' ¥

building blocks of Load T

aeroelasticity Distribution, Structural motion,
Magnitude, Boundary conditions

Fluid dynamics | Phasing

Structural
dynamics

-—

Fluid/structure
coupling

AePW-1: Focused on Unsteady fluid dynamics
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Benchmark Supercritical Wing (BSCW)
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You are invited to participate in AePW-2
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Experimental data from 2 wind tunnel tests are
being used for comparison data

TDT Test 548: Oscillating TurnTable (OTT)

TDT Test 470:
Pitch And Plunge Apparatus (PAPA)
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AePW-2 Analyses/Commitments to date (3/30/201)
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Example Results

AePW-2 Case#2

Animation of Flutter

FUN3D URANS with SA turbulence model coupled with modal
structural solver

Mach 0.74, AoA=0°, q = 168.8 Ib/ft?



Animation of the BSCW computational results
using FUN3D
near experimental flutter dynamic pressure
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Snapshots of pressure distributions
at ~ 2 second into the analysis
AePW-2 Case#2,

Mach 0.74, AoA=0°, q = 168.8 Ib/ft?,
FUN3D URANS with SA turbulence model coupled with modal structural solver
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Snapshots of pressure distributions
at ~ 5 seconds into the analysis

AePW-2 Case#?2,

Mach 0.74, AoA=0° g = 168.8 Ib/ft?,

FUN3D URANS with SA turbulence model coupled with modal structural solver

Vertical Displacement, inches

Leading Edge
Trailing Edge |

e

Upper Surface

Rotation angle, degs

Theta, degs

0.53
0.32
0.12
-0.09
-0.29
-0.50
-0.70

Lower Surface




Website:
nescacademy.nasa.gov/workshops/AePW2/public/

Aeroelastic Prediction We %

T el & &3 | (w=mle =
= IS Fheeegdb 3T -1 |- Sl

€« C' | [ nescacademy.nasa.gov/workshops/AePW2/put

Aeroelastic Prediction Workshop 2 search coming soon AePW-2 Menu ~

Important AePW-2 Downloadables General Information

AePW-2 Overview Paper = AePW-2 Slides 2nd AIAA Aeroelastic Prediction Workshop
(AePW-2)

y . Sponsored by: The AIAA Structural
Analysts information for BSCW has been posted! Dynamics Technical Committee (SDTC)

January 2016, San Diego, CA

Don't miss out on news about this
workshop! Sign Up for email updates
below.

subscribe 2

Analysts Experimental Results from
Information Data AePW-1 Coming Soon
coming soon! ;
Soon, we will post steps about how to
submit your data. Please stay tuned into
see more about BSCW [+] AePW-2 news by subscribing above.




Thank you

We invite you to participate
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of participating?

Evaluation of your own methodologies and/or abilities to apply
computational tools

Experience of others brought to bear on examining your results
In a critical thinking environment

Inclusion of your results in determining best practices,
uncertainty levels in predictions
|dentification of

— Areas where your tools meet your required level of predictive and
analytical capabilities

— Benefits to be gained by added analytical complexity

— Areas where you want to further refine your capabilities
Detailed supporting information for

— Advocacy within your organization

— Advocacy to your customers

Leveraging the work of others




from validation of
aerodynamic tools?

* Obvious (?) differences:
— Coupling with structural dynamics
— Unsteady effects matter

 More subtle differences:

— Distribution of the pressures matters (integrated
guantities such as lift and pitching moment tell you
little regarding aeroelastic stability)

y — Phasings of the pressures relative to the
N displacements matter

17



Assess the goodness of computational tools for predicting
aeroelastic response, including flutter

Understand why our tools don’t always produce successful
predictions

— Which aspects of the physics are we falling short of predicting
correctly?

— What about our methods causes us to fall short of successful
predictions?

Establish uncertainty bounds for computational results
Establish best practices for using tools

Explicitly Illustrate the specific needs for validation
experimentation- i.e. why what we have isn’'t good enough




Aeroelastic Computational Benchmarking

* Technical Challenge:

Assess state-of-the-art methods & tools for the
prediction and assessment of aeroelastic
phenomena

* Fundamental hindrances to this challenge

= No comprehensive aeroelastic benchmarking validation standard exists

= No sustained, successful effort to coordinate validation efforts

= Approach
= Perform comparative computational studies on selected test cases
» |dentify errors & uncertainties in computational aeroelastic methods

= |dentify gaps in existing aeroelastic databases




BSCW Test Configurations
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AePW-1 Results:
BSCW, Mach 0.85, Re 4.5M, a=5°
Upper surface at 60% span

............... . Experlmental data
Colored lines with open symbols:

1 e Each analysis team shown by a separate color
* Each grid size shown by a different symbol
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