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Objectives and Approach

▶ Objective #1: Can a two-dimensional computational model predict
results in the vicinity of the three-dimensional experimental results
for the NASA Benchmark Super-critical Wing (BSCW)
configuration?

▶ Objective #2: What sort of predicted aeroelastic Limit Cycle
Oscillation (LCO) trends will the two-dimensional computational
model yield? i.e., sub-critical or super-critical LCO response?

▶ Objective #3: Does the two-dimensional computational model
predict transonic flow buffet?

▶ Approach: A nonlinear frequency domain Harmonic Balance (HB)
based Computational Fluid Dynamic (CFD) and aeroelastic solver,
which allows for the direct computation of aeroelastic LCO response
curves.



Airfoil Aeroelastic Configuration Governing Equations

Two-Degree of Freedom Airfoil Model
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NASA BSCW Aeroelastic Configuration Transonic RANS CFD Model
Structural Parameters:
xα = 0.0, r2

α = 1.024, (ωh/ωα) = 0.646,
ζh = 0.002, ζα = 0.002,
a = 0.0, and αe0 = 5.0◦.

Computational Grid - 193 × 49 ”O-Mesh”:

Figure: Computational Grid.



NASA BSCW Aeroelastic Configuration Transonic RANS CFD Model Continued

Flow Near the Flutter-Onset Condition:
M∞ = 0.80, Re∞ ≈ 4, 000, 000, ᾱ0 ≈ 6.15◦, and µ ≈ 1100.

Figure: Mean Flow Mach Number Contours.
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Figure: Mean Surface Pressure Coefficient.



Airfoil Geometric Shape Definition / Might ”Better” Tabulated Data Be Available?
Tabulated data is only given to at most three significant figures.

Figure: Airfoil Definition from Harris1

1Charles D. Harris. NASA Supercritical Airfoils - A Matrix of Family Related Airfoils. NASA Technical Paper 2969. Mar. 1990.



NASA BSCW Aeroelastic Configuration Improved Airfoil Definition

Figure: Airfoil Surface Pressure. Figure: Airfoil Surface Pressure - Close-up.



NASA BSCW Aeroelastic Configuration Computed LCO Unsteady Pitch Response Trend



NASA BSCW Aeroelastic Configuration Computed LCO Frequency Response Trend



NASA BSCW Configuration Computed LCO Aeroelastic Mode Shape Response Trend



NASA BSCW Configuration Computed LCO Mean Angle-of-Attach Response Trend
Original Airfoil Surface Definition
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Small-Disturbance Linearized Flutter Onset Condition


