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Motivation
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Layout of the IAWTM (Integrated Adaptive Wing Technology
Maturation) wind-tunnel model (credit: Boeing Research and
Technology).

IAWTM research objectives:
» Assess flutter boundary
» Assess effectiveness of trailing edge
control surfaces for:
» flutter suppression
* maneuver load alleviation
« gust load alleviation
« drag reduction
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* |AWTM computational aeroelastic model development

» Structural model

» Aerodynamic models (of differing fidelities)
* Results

» Generalized aerodynamic forces

» Flutter predictions

* Conclusions & future work

@’ Josiah Waite | NASA Langley Research Center 3



Computational Models: Structural Dynamics
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Finite element structural model (credit: Boeing
Research and Technology).
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Computational Models: Aerodynamics

« Fully Unstructured 3-Dimensional Navier-Stokes L Nonli g :
(FUN3D) onlinear aerodynamics

-

« FUNS3D Stabilized Finite Element Linearized Frequency—s
Domain (FUN3D/SFE LFD)

* Reduced-Order Modeling (ROM) with Eigensystem
Realization Algorithm

— Linearized aerodynamics

-

- ZAERO } Linear aerodynamics

(All results here are at Mach 0.8, 0° angle of attack.)
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FUN3D mesh for flutter analyses (~5M nodes).

Solve steady and unsteady RANS equations in
time domain with Spalart-Allmaras (with Quadratic
Constitutive Relation) turbulence model
Node-centered, finite-volume unstructured solver
for compressible flows

FUNS3D includes modal structural dynamics solver
Aeroelastic solution generally found in 3 steps: (1)
steady rigid solution, (2) static aeroelastic solution
with high structural damping, (3) dynamic
aeroelastic solution with low structural damping
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FUN3D/SFE LFD (I
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FUN3D mesh with nodes clustered about
control surface edges (~15M nodes).

nearized frequency-domain)

Stabilized finite-element solver
recently implemented in FUN3D
(FUN3D/SFE)

Linearized frequency-domain
solver added to FUN3D/SFE
(FUN3D/SFE LFD)

Governing equations of flow
linearized about static aeroelastic
solution

Responses to unit displacement
perturbation applied to each
mode are calculated

Responses (oscillatory surface
forces) projected to structural
modes to calculate generalized
aerodynamic forces (GAFs)
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ROM using Eigensystem Realization Algorithm (1/2)
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Extract impulse responses from input/output data

Apply Eigensystem Realization Algorithm (ERA)

Aerodynamic ROM (4, B,, C,, D)
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ROM using Eigensystem Realization Algorithm (2/2)

dal displ t
aero forces > Structural Mode| —modal displacements

Aerodynamic ROM (modes 1-5)

T Aerodynamic ROM (modes 6-10)

A Aerodynamic ROM (modes 11-15)
Aerodynamic ROM (modes 16-20)

Aerodynamic ROM (modes 21-24)
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« Wing and pylon
* Modeled with flat plate elements
« Solved with ZONAG oscillatory subsonic lifting
method
* Fuselage and nacelle
* Modeled with body elements
« Solved with BODY7 non-lifting method
* Fuselage motion ignored

Aerodynamic paneling used in ZAERO model.

@’ Josiah Waite | NASA Langley Research Center 10



Results: Comparisons of GAFs
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Results: ZAERO Flutter Prediction (1/2)
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Results: ZAERO Flutter Prediction (2/2)

0.08 .

Hard flutter 50
460 psf

0.06 T Mode 1

Hump mode 40F | Mode 2

0.041 434 psf Hmp mode | Mode 4

' 618 psf Mode 5

bgo é\ 30 1 Mode 6

= 0.02{Hump mode | = \ Mode 7

= 239 psf g \\ Mode 8
s = 20 /\ Mode 10
Or — Mode 13
\ Mode 14
-0.02+ 10y Mode 18

-0.04 ! ! 0 : : :
0 200 400 600 800 0 200 400 600 800
Q (psf) Q (pst)

@’ Josiah Waite | NASA Langley Research Center 13



Results: Comparison of Flutter Predictions (1/3)
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Results: Comparison of Flutter Predictions (2/3)
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Results: Comparison of Flutter Predictions (3/3)
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Results: Summary of Flutter Predictions
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Conclusions & Future Work

500k « Several computational aeroelastic models
- developed with differing levels of fidelity
400 F » Flutter predictions for between 414 and 460 psf,
- at frequencies between 14 and 15 Hz (Mach 0.8,
E 300+ AoA Method Struct. ApA=O) _ _
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@’ Josiah Waite | NASA Langley Research Center 18



Acknowledgments

This work was supported by the NASA Advanced Air Transport Technologies
(AATT) project. The authors thank NASA LaRC GEOLAB for their support in
creating the CFD grids, Walt Silva and Kevin Jacobson of the NASA Langley
Aeroelasticity Branch for providing essential codes for this work, and Dan Ortega
and Greg Seber of Boeing Research and Technology for developing and providing
the FEM.

@’ Josiah Waite | NASA Langley Research Center 19



