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AePW-1, AePW-2 Configuration and AePW-3 Configuration for 
High Angle Working Group: BSCW

Cross-section at 60% span, showing the layout of
the unsteady pressures.

Airfoil section is SC(2)-0414

Model planform.  Dimensions are in inches.
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OTT: Oscillating Turn Table (tested in 2001)
PAPA: Pitch And Plunge Apparatus (tested in 1991) 

Pressure sensors
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BSCW – AePW Building Block Approach

BSCW
• AePW-1: Forced Oscillation in Pitch, Mach 0.85 ✓

• AePW-2: 

• Forced Oscillation in Pitch, Mach 0.7 ✓

• Flutter, Mach 0.74, 0° ✓

• Unforced Unsteady, Forced Oscillation, Flutter, Mach 0.85, 5° ✓ ✓

• AePW-3: Flutter, Mach 0.80, 5°
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AePW-1 Lessons Learned:
ref. IFASD-2013-1A Heeg et al.
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AePW-1 Lessons Learned:
ref. IFASD-2013-1A Heeg et al.
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AePW-1 Lessons Learned:
ref. IFASD-2013-1A Heeg et al.
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AePW-2 Flutter Results Summary

Ranges of  High-Fidelity
Computational Results, 

AePW-2

Mach 0.74, 0°
Mach 0.85, 5°

Linear Analysis Results

Experiment

Wind tunnel Operating
Limits

Experiment

Linear Analysis Results

Mach 0.74, 0°

Wind tunnel Operating
Limits

Mach 0.85, 5°

Mach 0.85, a = 5°
• Very challenging flow 
• Blind test case

Mach 0.74, a = 0°
• Less challenging flow 
• Experimental value known
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AePW-2 Flutter Results Summary

Ranges of  High-Fidelity
Computational Results, 

AePW-2

Mach 0.74, 0°
Mach 0.85, 5°

Linear Analysis Results

Experiment

Wind tunnel Operating
Limits

Experiment

Linear Analysis Results

Mach 0.74, 0°

Wind tunnel Operating
Limits

Mach 0.85, 5°

Mach 0.85, a = 5°
• Very challenging flow 
• Blind test case

Post workshop analysis
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Why Transonic Flutter ?
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BSCW – AePW Building Block Approach
BSCW • AePW-1: Forced Oscillation in Pitch, Mach 0.85 ✓

• AePW-2: 
• Forced oscillation in pitch, Mach 0.7 ✓
• Flutter, Mach 0.74, 0° ✓
• Unforced Unsteady, Forced Oscillation, Flutter, Mach 0.85, 5° ✓
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Using local pressure coefficient & isentropic flow relationships



Upper surface pressure coefficient distributions at 60% span

Trailing
Edge

Mach 0.74:  Attached flow
As a increases, Shock moves AFT

Mach 0.88:  Separated flow
As a increases, Shock moves FORWARD

Leading
Edge

Shock 
motion 
direction

Shock 
motion 
direction
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BSCW – AePW Building Block Approach

Mach 0.80:  Attached flow
As a increases, Shock moves AFT

At Mach 0.80: Shows shock is strengthening 
and moving towards the trailing edge (aft) as 
angle of attack increases.

Shock 
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direction
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Computational Aeroelastic Simulations, FUN3D

Mach 0.85, AoA = 5°Mach 0.74, AoA = 0°

On the surfaces:  colors show Cp
Off the surfaces:  colors show local Mach number
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BSCW – AePW Building Block 
Approach: Choosing AePW-3

Analysis Conditions

AePW-2 Analysis Cases
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AePW-2 Analysis Cases
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AePW-3 High Angle Working Group 
Analysis Conditions

Mach 0.8, AoA = 5°
Provided that new experimental will 

be available !!!

BSCW – AePW Building Block 
Approach: Choosing AePW-3

Analysis Conditions



AePW-2 Analysis Cases
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AePW-3 High Angle Working Group 
Analysis Conditions

Mach 0.8, AoA = 5°
Provided that new experimental will 

be available !!!
Can we identify connection between flutter and buffet ?

BSCW – AePW Building Block 
Approach: Choosing AePW-3

Analysis Conditions



Stall Flutter:  Additional flutter points were acquired at
nonzero angles of attack at a constant Mach number of 0.8. 
These data, acquired in 11-12 with fixed transition,
are presented in figure 9 as flutter dynamic pressure
versus a. The test conditions and flutter parameters for
these stall flutter points are included in table 6. Due to load 
limits of the PAPA mount only three points
could be acquired at angles of attack greater than two
degrees. The data acquired, however, shows trends
consistent with those of models previously tested on the
PAPA mount. Results for models previously tested on the
PAPA mount show that the flutter dynamic pressure
varies only slightly as a is increased to some critical angle
(above four degrees in reference 4). At this point, a rapid
decrease in flutter dynamic pressure with increasing angle
of attack and a rise in the flutter frequency to very near
the wind-off torsion frequency is seen. This rapid
change in character from equal participation in the flutter
mechanism of pitch and plunge to a pitch dominated
flutter mechanism is associated with wing stall conditions
during a portion of the pitch oscillation cycle.

What they have termed “stall flutter” corresponds to the test conditions where separated
flow is first observed for the unforced system.  For the oscillated system, the time histories 
from the OTT test indicate that the wing goes in and out of separated flow as the wing is
pitched nose up and nose down.

Choosing AePW-3 Analysis Conditions
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Mach 0.8, AoA = 5deg Buffet and Flutter Analysis Condition
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High Angle Working Group Teams / Participants

Cases:
1. Flutter
2. Shock buffet

Red – Yes
Blue - Maybe

TEAM Cases

NASA Langley, USA 1,2

Technion, Israel 1,2

USAFA, USA 1,2

BAE Systems, UK 1

UZ, Switzerland 1

IIS, India 1,2

UN, Australia 1,2

Bombardier, Canada 1

CREATE-AV, USA 1,2

Hexagon, Japan 1

Duke University, USA 1

Metacomp Tech., USA 1
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What did we ask for from participating teams?

• Flutter prediction
– Aerodynamic coefficients, CL, CD, Cm, at Q = 100 psf, steady rigid
– Cp vs. x/c at 60% wing station at Q = 100 psf, steady rigid
– Surface Cp and skin friction
– Flutter Q at two or more mesh resolutions
– Time vector, generalized displacement/velocity or plunge/pitch at ALL Qs
– Splined mode shapes
– Perturbation method
– Temporal resolution study
– Definitions: spatial / temporal schemes, flux limiter, etc.
– Time to solution: how long does it take to obtain a flutter-point solution
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What did we ask for from participating teams?

• Shock-buffet prediction
– Time history of aerodynamic coefficients, CL, CD, Cm
– Time history of Cp vs. x/c at 60% wing station at discrete points, five on upper 

surface and two on the lower surface
– Surface Cp_RMS, surface pressure coefficients
– PSDs, CL and Cps
– Strouhal number
– Temporal resolution study
– Definitions: spatial / temporal schemes, flux limiter, etc.
– Time to solution: how long does it take to obtain a flutter-point solution

20


