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ABSTRACT

The Transonic Dynamics Tunnel (TDT) at the National Aeronautics and
Space Administration's (NASA) Langley Research Center began research op-
erations in early 1960. Since that time, over 600 tests have been conducted,
primarily in the discipline of aeroelasticity. This paper presents a bibliog-
raphy of the publications that contain data from these tests along with other
reports that describe the facility, its capabilities, testing techniques, and asso-
ciated research equipment. The bibliography is divided by subject matter into
a number of categories. An index by author's last name is provided.

ACRONYMS

A number of acronyms are used in the citations included in the bibliographic listing. Some
are defined below. Others are defined as they occur in the listing.

AAW
ACROBAT
AEI

AFW
ANCAR
ARES

Ares
ARW-1
ARW-2
ATTACH
BACT
BERP
BVI
ccv
DAST
HHC
HILDA
HSCT
HSR
MAVRIC
NASP

Active Aeroelastic Wing

Actively Controlled Response of Buffet-Affected Tails
Aerodynamic Efficiency Improvement

Active Flexible Wing

Adaptive Neural Control of Aeroelastic Response

Aeroelastic Rotor Experimental System (not to be confused with the
Ares launch vehicle)

Launch vehicle (Constellation Program)

First research wing in the DAST program

Second research wing in the DAST program

Airfoil THUNDER Testing to Ascertain Characteristics
Benchmark Active Control Technology

British Experimental Rotor Program

Blade Vortex Interaction

Control Configured Vehicle

Drones for Aerodynamic and Structural Testing

Higher Harmonic Control

High Lift Over Drag Active Wing

High Speed Civil Transport

High Speed Research

Models for Aeroelastic Validation Research Involving Computations
National Aerospace Plane Program



PAPA Pitch and Plunge Apparatus

PARTI Piezoelectric Aeroelastic Tailoring Investigations
SIO Shock Induced Oscillation

SPIE The International Society for Optical Engineering
SST Supersonic Transport

THUNDER  Thin-Layer Composite-Unimorph Piezoelectric Driver and Sensor
WRATS Wing and Rotor Aeroelastic Test System



INTRODUCTION

The Transonic Dynamics Tunnel (TDT) at the National Aeronautics and Space Administra-
tion's (NASA) Langley Research Center has been devoted primarily to investigations of aeroe-
lastic phenomena since the first research test began in early 1960. However, as the NASA has
closed many other wind tunnels in recent years, a significant portion of the TDT testing is now
outside the area of aeroelasticity.

The TDT is a conversion of the almost circular test section, low-speed 19-Foot Pressure
Tunnel that became operational in June 1939 into a transonic tunnel with a 16-foot-square test
section with cropped corners. This conversion cost slightly more than $9,500,000. The TDT
operates from near vacuum to atmospheric pressure using either air or the refrigerant gas R134a
as the test medium. The maximum Mach number is about 1.2 in each gas. The original tunnel
utilized either air or Freon 12' as the test media, with Freon being the primary gas used. The
tunnel was converted from Freon capability to R134a operations in 1997 because of environ-
mental considerations. The gas R134a is more environmentally friendly than is Freon, but the
characteristics important to wind-tunnel testing for aeroelastic phenomena are virtually the same
for the two gases. The higher density of R134a as compared to air—about four time larger—is
advantageous for aeroelastic studies because models can be made heavier thus making it easier to
fabricate scaled models of full-scale designs with the fidelity needed for aeroelastic testing. The
lower speed of sound as compared to air—about one half—affects the time scale so model
vibration natural frequencies (or helicopter blade rotational speeds) are lower for a model scaled
for testing in R134a as compared to one designed for testing in air. Furthermore, it requires less
electrical power to operate in the heavier gas than it does in air to obtain the same Mach number
and dynamic pressure. Moreover, the Reynolds number in R134a is more than twice its value in
air at the same Mach number and dynamic pressure. It is desirable to have the Reynolds number
as large as possible.

In addition to its heavy gas capability, the TDT is equipped with a number of features that
facilitate conducting aeroelastic tests safely. The facility has a flow short circuiting device that
can be used to rapidly reduce the flow velocity in the test section when an aeroelastic instability
is encountered. If allowed to go unchecked, aeroelastic instabilities, such as flutter vibrations,
will often severely damage the model. Extensive screening is provided to protect the fans blades
from debris from a damaged model, which is not rare even with the flow slowdown capability.
Because the tunnel control room is located within the plenum chamber, test engineers have a
considerably better view of the models than do test personnel in most other wind tunnels. In
aeroelastic testing is it very important that test personnel have a clear view of the models. A
high-intensity lighting system provides illumination for all types of high-speed photographic
coverage. A means to sinusoidally oscillate the test section flow is available for gust response
studies. A number of different model mounting systems are provided. These include the tradi-
tional sting and sidewall capabilities found in most wind tunnels plus additional features such as

! "Freon" is a registered trademark of DuPont.



an oscillating turntable in the tunnel sidewall for pitching wing models for studies of unsteady
aerodynamic pressures and loads, and a remotely controlled turntable on the tunnel floor for use
in determining the loads and responses of launch vehicle models to simulated ground winds.
Ground winds approaching from different azimuth angles are replicated by rotating the turntable.
Moreover, there is a two-cable suspension system that provides a means for "flying" full-span,
dynamically scaled aeroelastic models of full-scale airplanes, thus providing for the simulation
of rigid body motions along with elastic structural deformations.

During its fifty-five years of operation there have been more than 600 tests conducted in the
TDT. Airplane tests ranged from simple, inexpensive wing models cut from aluminum sheet to
very expensive, full-span, dynamically scaled aeroelastic models of actual full scale configura-
tions. Launch vehicle investigations included buffeting loads and response tests as well as
ground wind loads studies. There have been a variety of rotary wing investigations. Some of
these employed models of conventional helicopter configurations whereas others focused on
tiltrotor designs. A number of studies measured unsteady pressures for use in calibrating and
validating unsteady aerodynamic theories. There have been a number of tests in other dynamics
areas such as determining parachute deployment characteristics and performance. Until recently,
the facility was only utilized for non-aeroelastic tests when one or more of its unique character-
istics were needed to provide the needed simulation. For example, the tunnel was chosen for use
in a number of tests supporting the Viking Mars mission project because of its large size, and its
capability to independently vary speed and pressure over a broad range of parameters. Addition-
ally, the turntable that was developed for use in ground wind loads studies of launch vehicles
facilitated testing some Viking models. In recent years the tunnel is finding more non-
aeroelastic uses at Langley as more and more wind tunnels are decommissioned.

Although the results of every test have not been documented in a publication, many have
been. Furthermore, there have been a number of papers published that describe tunnel charac-
teristics and capabilities, as well as its associated research equipment.

The purpose of this monograph is to present a bibliography of the reports "directly associ-
ated" with the TDT. Directly associated means that the report contains information that either
describes some characteristics of the facility, discusses model(s) used therein, explains testing
techniques, or provides data obtained during TDT tests. Some papers that are primarily of a the-
oretical nature are listed when results from the analytical methods, often new or unique proce-
dures, are evaluated by comparisons with experimental data from TDT tests even though the
basic experimental data may be available elsewhere. An earnest attempt has been made to find
everything that meets the aforementioned criteria as of December 31, 2015.

An index by author's last name is provided at the end of this document. The index includes
the names of all authors, not just those of primary authors.

Characteristics of the Bibliography

The bibliography presented in the next section is a comprehensive listing of published docu-
ments that contain descriptions of various aspects of the Langley Transonic Dynamic Tunnel

4



(TDT) and/or present experimental results from tests conducted therein from the time the first
research test began in February 1960 through December 2015. Many documents are devoted
more or less exclusively to a particular TDT test, whereas others contain information from a
number of tests, or just touch on the facility in a tangential way. A conscious attempt has been
made to make the listing inclusive as opposed to being exclusive.

As mentioned previously some of the entries in the bibliography include data from several
investigations. On the other hand, there may be several papers resulting from a single study. All
the entries that contain data from multiple investigations are annotated briefly at the end of the
citation to indicate what studies are included. Some others are annotated as well, generally those
where the thrust and general content of the paper is not evident from the title.

When essentially the same paper was published in more than one format, such as a confer-
ence presentation that was later converted to a journal article, it is generally combined into a sin-
gle entry. The latest version is the primary listing with the other version or versions indicated
parenthetically. The same applies to papers that are published simultaneously in two forms, such
as a conference paper and the exact same paper issued simultaneously as a NASA technical
memorandum. If the title of the secondary reference is the same as the primary one, then the title
is usually not repeated. Papers that are very similar, but not literal duplicates, are listed as multi-
ple entries.

The bibliographic listing is subdivided by subject matter into several categories as indicated
in the Table of Contents. The papers are listed alphabetically by principle author's last name in
each category. It is not always clear, however, into which category a particular paper belongs.
Readers should take that into account when trying to locate papers on a particular subject. For
example, papers describing measurements of randomly varying unsteady aerodynamic pressures
could have been indexed under Category 3.7.2 Unsteady Pressure and Force Measurements Or
Category 3.6 Flutter/Divergence/Buffeting/Gust Studies. In this situation, the author chose
Category 3.6 because he thought the papers bore a stronger relationship to buffeting than to con-
ventional unsteady pressure measurements. Many papers include both experimental and analyti-
cal results. In situations where the main thrust of the paper was on the theoretical side, the paper
is included in section 6.0 Comparisons of Theory with Experiment. When the main thrust is on
the experiment, the paper is listed in a specific technical category, such as Section 3.6 Flut-
ter/Divergence/Buffeting/Gust Studies. Once again, the reader is cautioned that the choice was
not always obvious.



BIBLIOGRAPHIC LISTING

1.0 SUMMARIES (highlight results from more than one test)
1.1 Surveys/Overviews

1.

Abel, Irving: Research and Applications in Structures at the NASA Langley Research
Center. NASA TM-110311, Jan. 1997. [F-18E/F flutter clearance, PARTI, BACT mod-
el, ACROBAT, WRATS]

Abel, Irving: Research and Applications of Aeroelasticity and Structural Dynamics at the
NASA Langley Research Center. NASA TM-1112852, May 1997. [PARTI, BACT
model, HSR rigid semi-span model]

Bartels, Robert; Chwalowski, Pawel; Funk, Christie; Heeg, Jennifer; Hur, Jiyoung;
Sanetrik, Mark; Scott, Robert; Silva, Walter A.; Stanford, Bret; and Wieseman, Carol:
Ongoing Fixed Wing Research within the NASA Langley Aeroelasticity Branch. AIAA
Paper 2015-2719, 33rd AIAA Applied Aerodynamics Conference, Dallas, TX, June 22-
26, 2015. [overview of contemporary research, a combination of wind-tunnel tests and
analytical studies]

Cole, Stanley R., editor: Technical Activities of the Configuration Aeroelasticity Branch.
NASA TM-104146, Oct. 1991. [overview of research program including; a general de-
scription TDT and its capabilities; highlight results from a number of airplane tests in-
cluding flutter characteristics of a supersonic transport arrow wing, effects of spoilers on
wing flutter, effects of planform curvature on wing flutter, effects of changes in tip ge-
ometry on wing flutter, and the Benchmark Models Program; information on a number of
helicopter studies such as rotorcraft vibration reduction, and the use of extension twist
coupling in composite rotor blades as well as a description of ARES]

Doggett, Robert V., Jr.; and Cazier, F. W., Jr.: Aircraft Aeroelasticity and Structural Dy-
namics Research at the NASA Langley Research Center—Some Illustrative Results. Six-
teenth Congress of the International Council of the Aeronautical Sciences (ICAS), Jerusa-
lem, Israel, Aug. 28-Sep. 2, 1988. (Also available as NASA TM-100627, May 1988.).
[speed brake effects on flutter, arrow wing flutter, unusual instability boundary for
transport wing, A-6 flutter clearance, twin vertical tail buffeting, advanced rotor blades]

Garrick, I. E.; and Reed, Wilmer H., Ill: Historical Development of Aircraft Flutter.
Journal of Aircraft, Vol. 18, No. 11, Nov. 1981, pp. 897-912. (Originally AIAA Paper
1981-0491, 41st AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and Materi-
als Conference, Atlanta, GA, Apr. 6-8, 1981.) [briefly describes the TDT’s role in the
history of flutter research and development]

Hanson, Perry W.: Aeroelasticity at the NASA Langley Research Center—Recent Pro-
gress, New Challenges. NASA TM-87660, Dec. 1985. [unsteady pressures on clipped
delta-wing, high-aspect-ratio wing with control surfaces, and rectangular supercritical
wing models, and on ARW-2 wing; supercritical airfoil shape effects on flutter; unusual
instability for ARW-2 wing; flutter of two-engine transport wing with winglet; F-16 flut-
ter clearance; YF-17 active flutter suppression]

Perry, Boyd, Il1I; and Noll, Thomas E.: Activities in Aeroelasticity at NASA Langley Re-

search Center. Fourth International Symposium on Fluid-Structure Interactions, Aeroe-
lasticity, and Flow-Induced Vibrations and Noise, Dallas, TX, Oct. 16-21, 1997.



[PARTI, benchmark active controls, ACROBAT, HSR, WRATS, low vibration rotor
blades]

9. Reed, Wilmer H., I1l: Aeroelasticity Matters: Some Reflections on Two Decades of Test-
ing in the NASA Langley Transonic Dynamics Tunnel. Collected Papers of International
Symposium on Aeroelasticity, DGLR-Bericht 82-01, Oct. 5-7, 1981, pp. 105-120. (Also
available as NASA TM-83210, Sep. 1981. A 16-mm movie (also available in DVD for-
mat) entitled Aeroelasticity Matters compliments this paper. Same paper was presented
at the International Workshop on Wind Tunnel Modeling, National Bureau of Standards,
Gaithersburg, MD, Apr. 14-16, 1982.) [experimental techniques for airplane and launch
vehicle model testing; C-141, F-14, and F-16 flutter clearance studies; effect of deflected
elevator on T-tail flutter (C-141); Saturn V-Apollo, Space Shuttle, and Titan Il ground-
wind loads models; Lockheed Electra propeller whirl flutter; B-52 CCV model gust re-
sponse; decoupler pylon; F-16 active flutter suppression; subcritical divergence predic-
tion techniques; divergence of series of forward-swept wing models; unsteady pressures
on high-aspect-ratio wing with oscillating control surfaces; helicopter HHC]

10. Ricketts, R. H.: Selected Topics in Experimental Aeroelasticity at the NASA Langley Re-
search Center. Paper No. 85-70, Second DGLR/DFVLR International Symposium on
Aeroelasticity and Structural Dynamics, Aachen, Germany, Apr. 1-3, 1985. (Also avail-
able as NASA TM-86436, Apr. 1985.) [subcritical response methods for flutter onset
prediction; description of PAPA; body freedom flutter (X-29A); JVX (V-22) tiltrotor;
Gulfstream 111, two-engine transport, and four-engine transport with winglet flutter; air-
foil shape effects on flutter; flutter of curved (wrap around) wings; ARW-2 wing instabil-
ity; decoupler pylon].

1.2 Annual Reports of the Loads and Aeroelasticity Division

1. Gardner, James E.: Loads and Aeroelasticity Division Research and Technology Accom-
plishments for FY 1982 and Plans for FY 1983. NASA TM-84594, Jan. 1983. [F-16E
vertical tail and wing flutter clearance, F-16 and YF-17 active flutter suppression, flutter
of aeroelastically tailored wing, flutter of four-engine transport model with winglet, eval-
uation of subcritical response methods for flutter onset prediction, helicopter blade para-
metric tip study]

2. Gardner, James E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research and
Technology Accomplishments for FY 1983 and Plans for FY 1984. NASA TM-85740,
Jan. 1984. [unusual instability for DAST ARW-2 wing, F-16 flutter clearance, flutter of
two-engine transport with winglet, Galileo decelerator, F-16 decoupler flight test configu-
ration, body freedom of forward-swept wing (X-29A), development of flutter models for
testing at high Reynolds number in cryogenic wind tunnel]

3. Gardner, James E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research and
Technology Accomplishments for FY 1984 and Plans for FY 1985. NASA TM-86356,
Jan. 1985. [spanwise curvature effects on wing flutter, X-wing divergence, flutter of
four-engine transport with winglet, F-16 flutter clearance, JVX (V-22) tiltrotor test and
analysis]

4. Gardner, James E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research and
Technology Accomplishments for FY 1985 and Plans for FY 1986. NASA TM-87676,
Jan. 1986. [propfan testbed flutter clearance, JVX (V-22) tiltrotor, tunnel density in-
crease (re-powering motor)]



5.

Gardner, James E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research and
Technology Accomplishments for FY 1986 and Plans for FY 1987. NASA TM-89084,
Jan. 1987. [A-6 flutter clearance, unusual instability for DAST ARW-2, F-16 adaptive
active flutter suppression, initial AFW test, tests of growth UH-60 Blackhawk rotor
blades]

Gardner, James E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research and
Technology Accomplishments for FY 1987 and Plans for FY 1988. NASA TM-100534,
Jan. 1988. [study of improved F-16 adaptive flutter suppression system, speed brake ef-
fects on wing flutter, twin vertical tail buffeting, AFW test]

Gardner, James E.: Structural Dynamics Division Research and Technology Accom-
plishments for FY 1988 and Plans for FY 1989. NASA TM-101543, Jan. 1989. [span
reduction effect on arrow wing flutter, flutter of generic arrow wing SST, F-16 flutter
clearance, tip shape effects on wing flutter, 72°-sweep delta wing flutter, 2nd A-6 flutter
clearance test, MILSTAR radome response, spoiler effects on wing flutter, ATLAS 1l
buffeting, description of PAPA, supercritical airfoil on PAPA, laser light sheet flow vis-
ualization system, oscillating flow field measurements for rotor blade applications, rotor
blade tracking, advance design rotor blades]

1.3 Annual Reports of the Structural Dynamics Division

1.

Smith, Jacqueline G.; and Gardner, James E.: Structural Dynamics Division Research
and Technology Accomplishments for FY 1989 and Plans for FY 1990. NACA TM-
101683, Jan. 1990. [planform curvature effects on wing flutter, flutter and divergence of
all-moveable delta wing, aileron-buzz of generic NASP model, AFW open- and closed-
loop flutter characteristics, flutter of joined-wing high-altitude vehicle, tip shape effects
on wing flutter, Atlas Il ground wind loads, rotorcraft vibration reduction by using non-
structural mass, rotor-blade higher-harmonic-pitch control for reducing BVI noise]

Wynne, Eleanor C.: Structural Dynamics Division Research and Technology Accom-
plishments for F.Y. 1990 and Plans for F.Y. 1991. NASA TM-102770, Jan. 1991. [ailer-
on buzz of generic NASP model, A-12 flutter clearance, trailrotor flutter, first benchmark
models test, helicopter rotor blade nodalization, parametric hingeless rotor, heavy gas
reclamation system modifications, data acquisition system improvements]

Wynne, Eleanor C.: Structural Dynamics Division Research and Technology Accom-
plishments for F.Y. 1991 and Plans for F.Y. 1992. NASA TM-104188, Jan. 1992. [mod-
ifications to heavy gas reclamation system, data acquisition system improvements, AFW
multi-function active control, NACA 0012 benchmark model tests, ARES improvements,
rotor blade optimization validation tests]

Wynne, Eleanor C.: Structural Dynamics Division Research and Technology Accom-
plishments for F.Y. 1992 and Plans for F.Y. 1993. NASA TM-107713 Jan. 1993. [B777
flutter clearance test, benchmark model unsteady pressure measurements, flutter of HSCT
wing, BERP rotor blades, slotted airfoil rotor blades, modifications of heavy gas reclama-
tion system, data acquisition system improvements]

Wynne, Eleanor C.: Structural Dynamics Division Research and Technology Accom-
plishments for F.Y. 1993 and Plans for F.Y. 1994. NASA TM-109034, Jan. 1994. [B767
flutter and buffet, Gulfstream V flutter clearance, aeroelastic study of generic NASP full-
span configuration, advanced rotor blades (baseline and growth UH-60 Blackhawk
blades, BERP blades)]



1.4 Annual Reports of the Langley Research Center

1.

10.

11.

12.

13.

14.

15.

16.

Anonymous: Langley Research Center Annual Report on Research and Technology Ac-
complishments 1978. Nov. 1, 1978. [Space Shuttle flutter, buffet, and ground wind
loads; rotorcraft vibration]

Anonymous: Research and Technology: 1980 Annual Report of the Langley Research
Center. NASA TM-81910, Nov. 1980. [divergence of forward swept wings]
Anonymous: Research and Technology: 1981 Annual Report of the Langley Research
Center. NASA TM-83221, Nov. 1981. [control surface unsteady aerodynamics, heli-
copter vibration reduction (HHC)]

Anonymous: Research and Technology: 1982 Annual Report of the Langley Research
Center. NASA TM-84570, Nov. 1982. [two-degree-of-freedom flutter mount system
(PAPA), angle-of-attack effects on transonic flutter, F-16 active flutter suppression]
Anonymous: Research and Technology: 1983 Annual Report of the Langley Research
Center. NASA TM-85702, Nov. 1983. [pressure distribution on oscillating rectangular
supercritical wing, correlation of hingeless rotor analysis (CAMRAD) with experimental
results, effects of winglets on flutter of twin-engine transport type wing]

Anonymous: Research and Technology: 1984 Annual Report of the Langley Research
Center. NASA TM-86321, Nov. 1984. [body-freedom flutter of forward-swept wing,
unsteady pressures and instability for DAST ARW-2 wing]

Anonymous: Research and Technology: 1985 Annual Report of the Langley Research
Center. NASA TM-87623, Nov. 1985. [V-22 tiltrotor model]

Anonymous: Research and Technology: 1986 Annual Report of the Langley Research
Center. NASA TM-89037, Dec. 1986. [DAST ARW-2 instability]

Anonymous: Research and Technology: 1987 Annual Report of the Langley Research
Center. NASA TM-4021, Dec. 1987. [AFW active roll control]

Anonymous: Research and Technology: 1988 Annual Report of the Langley Research
Center. NASA TM-4078, Dec. 1988. [DAST ARW-2 SIO]

Anonymous: Research and Technology 1989—Langley Research Center. NASA TM-
4150, Feb. 1990. [composite A-6 wing flutter, reduction of rotor BVI noise using HHC]
Anonymous: Research and Technology 1990—Langley Research Center. NASA TM-
4243, Feb. 1991. [AFW flutter suppression, Atlas Il ground wind loads]

Anonymous: Research and Technology 1991—Langley Research Center. NASA TM-
4331, Feb. 1992. [trail-rotor flutter model, NACA 0012 benchmark model, SIO research
model, unstable model on two-cable mount system, data acquisition system improve-
ments]

Anonymous: Research and Technology Highlights 1992—Langley Research Center.
NASA TM-4452, Mar. 1993. [pressure measurement during flutter for NACA 0012
benchmark model, brief description of TDT as critical national facility]

Anonymous: Research and Technology Highlights 1993—Langley Research Center.
NASA TM-4575, Aug. 1994. [aeroelastic response of twin-engine transport wing; flutter
of business jet wing; B777 flutter model; correlation of flutter analysis and experiment
for 45%-swept wing; Citation X flutter clearance; advanced rotor blade technology, com-
parisons of baseline, BERP, and Blackhawk blades; brief description of TDT as critical
national facility]

Anonymous: Research and Technology Highlights 1994—Langley Research Center.
NASA TM-4708, Dec. 1995. [Citation X full-span flutter model, pressures on 64A010



benchmark model, pressures on HSR rigid semi-span model, F/A-18 E/F flutter clear-
ance, correlation of flutter analysis with experimental results for business-jet wing, brief
description of TDT as critical national facility]

17. Anonymous: Research and Technology Highlights 1995—Langley Research Center.

NASA TM-4765, Dec. 1996. [active flaperon effects on vibratory loads of tiltrotor wing,
Learjet Model 45 flutter-clearance]

18. Anonymous: NASA Langley Highlights 1997. NASA TM-1998-208451, July 1998. [air-

craft morphing, semi-span Smart Wing model; F/A-18 twin tail buffet tests mentioned]

19. Anonymous: NASA Langley Highlights 1998. NASA TM-1999-209363, Aug. 1999.

[near real time control surface deflection measurements on DARPA/Northup-Grumman
Smart Wing model]

1.5 Test Highlight Reports of the Langley Research Center

1.

Anonymous: Langley Test Highlights 1981. NASA TM-84519, May 1982. [description
of facility, F-16 horizontal tail flutter clearance, YF-17 active flutter suppression, F-16E
vertical tail flutter clearance, pressure measurements on high aspect supercritical wing
with oscillating control surfaces]

Anonymous: Langley Test Highlights 1982. NASA TM-84655, May 1983. [description
of facility, adaptive digital active flutter suppression (YF-16), oscillating rectangular su-
percritical wing pressure measurements, effects of changes in rotor blade tip geometry on
performance and vibratory loads, F-16 active flutter suppression, F-16E flutter clearance,
effects of supercritical airfoil section on transport wing flutter ]

Anonymous: Langley Aerospace Test Highlights 1983. NASA TM-85806, June 1984.
[description of facility, body-freedom flutter of forward-swept-wing (X-29A), winglet ef-
fects on twin-engine transport wing flutter, effects of new fuel tanks and non-jettisonable
pylons on F-16 flutter (flutter clearance), decoupler pylon on F-16 model, Galileo para-
chutes, effects of new AMRAAM missile on F-16 flutter (flutter clearance)]

Anonymous: Langley Aerospace Test Highlights 1984. NASA TM-87585, Jan. 1985.
[description of facility, effects of new multi-purpose pylons on F-16 flutter (flutter clear-
ance), effects of spanwise curvature on wing flutter, winglet effects on four-engine
transport wing flutter, JVX data base developed]

Anonymous: Langley Aerospace Test Highlights 1985. NASA TM-87703, May 1986.
[description of facility, prop-fan testbed aircraft flutter clearance, active control of DAST
ARW-2, upgraded Blackhawk (UH-60) rotor performance]

Anonymous: Langley Aerospace Test Highlights 1986. NASA TM-89144, May 1987.
[description of facility, F-16 adaptive flutter suppression, AFW, active control of DAST
ARW-2 (S10), new composite A-6 wing (flutter clearance)]

Anonymous: Langley Aerospace Test Highlights 1987. NASA TM-100595, May 1988.
[description of facility, F-16 adaptive flutter suppression system, effects of speed brakes
on wing flutter, empennage buffeting of twin-vertical-tail configuration, helicopter
blade/vortex interaction (BV1) noise reduction]

Anonymous: Langley Aerospace Test Highlights 1988. NASA TM-101579, May 1989.
[description of facility, microphone frequency response in heavy gas, effects of new lead-
ing-edge flaps and air defense pylons on F-16 flutter (flutter clearance), MILSTAR ra-
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10.

dome panel flutter, Atlas-Centaur large payload fairing aeroelastic effects; performance
of advance-design helicopter rotor blades]

Anonymous: Langley Aerospace Test Highlights 1989. NASA TM-102631, May 1990.
[leading-edge curvature effects on swept wing flutter, aileron-buzz of generic NASP
model, AFW active flutter suppression, rotorcraft vibration reduction by use of nonstruc-
tural mass, higher-harmonic pitch control to reduce rotor impulsive (BVI) noise, Atlas Il
ground wind loads]

Anonymous: Langley Aerospace Test Highlights 1990. NASA TM-104090, May 1991.
[description of facility, A-12 flutter clearance, flutter characteristics of trail-rotor model,
aeromechanical stability of hingeless rotors, statically unstable model on two-cable
mount system, NACA 0012 benchmark model test, SIO of flexible research wing]

2.0 FACILITY, TEST EQUIPMENT, TEST TECHNIQUES, AND
CALIBRATIONS

2.1 Facility

1.

Anonymous: Study of Methods of Improving the Performance of the Langley Research
Center Transonic Dynamics Tunnel (TDT). NASA-CR-132378 (Sverdrup & Parcel and
Associates, Inc. Contract NAS1-11687), June 1973. [examines possible methods for in-
creasing the dynamic pressure range and maximum Mach number]

Anonymous: Research and Test Facilities. Technology Opportunities Show Case, NASA
TM-109685, Jan. 1993. [description of facility and guidance for perspective users]

Baals, Donald D.; and Corliss, William R.: Wind Tunnels of NASA. NASA SP-440. 1981.
[descriptions of TDT and the 19-Foot Pressure Tunnel from which the TDT was converted]

Cole, Stanley R.; Johnson, R. Keith; Piatak, David J.; Florance, Jennifer P.; Rivera, José
A., Jr.: Test Activities in the Langley Transonic Dynamics Tunnel and a Summary of Recent
Facility Improvements. AIAA Paper 2003-1958, 44th AIAA/ASME/ASCE/AHS Struc-
tures, Structural Dynamics, and Materials Conference, Norfolk, VA, Apr. 7-10, 2003. [test
activities discussed include MER parachute, Mars scout vehicle, free-to-roll testing, and
circulation control airfoil; facility improvements described include conversion from Freon
to R134a test medium, improvements to the gas processing system, oscillating turntable
(OTT) apparatus, new model preparation area]

Cole, Stanley R.; and Garcia, Jerry L.: Past, Present, and Future Capabilities of the Tran-
sonic Dynamics Tunnel from an Aeroelasticity Perspective. AIAA Paper 2000-1767, 41st
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Confer-
ence, Atlanta, GA, Apr. 3-6, 2000. [review of characteristics of facility with emphasis on
those applicable to aeroelastic testing]

Cole, Stanley R.; and Rivera, José A., Jr.: The New Heavy Gas Testing Capability in the
NASA Langley Transonic Dynamics Tunnel. Paper No. 4, Royal Aeronautical Society
Wind Tunnels and Wind Tunnel Test Techniques Forum, Churchill College, Cambridge,
UK, Apr. 14-16, 1997. (Also available as NASA TM-112702, Jan. 1997) [after conver-
sion to R134a test medium]

Corliss, James M.; and Cole, Stanley R.: Heavy Gas Conversion of the NASA Langley
Transonic Dynamics Tunnel. AIAA Paper 1998-2710, 20th AIAA Advanced Measure-
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10.

11.

12.

ment and Ground Testing Technology Conference, Albuquerque, NM, June 15-18, 1998.
[conversion from Freon 12 to R134a test medium]

Hanson, Perry W.: An Assessment of the Future Role of the National Transonic Facility
and the Langley Transonic Dynamics in Aeroelastic and Unsteady Aerodynamic Testing.
NASA TM-81839, June, 1980. [compares characteristics of the two facilities and dis-
cusses the suitability of the National Transonic Facility for aeroelastic testing]

Ivanco, Thomas G.: Unique Testing Capabilities of the NASA Langley Transonic Dynam-
ics Tunnel, an Exercise in Aeroelastic Scaling. AIAA Paper 2013-2625, AIAA Fluid
Dynamics Conference and Exhibit, San Diego, CA, June 24-27, 2013. [focuses on scal-
ing aeroelastic model for TDT testing]

Kvaternik, Raymond G.: Computer Programs for Calculating the Isentropic Flow Prop-
erties for Mixtures of R-134a and Air. NASA TM-2000-210622, Nov. 2000. [method
for determining Mach number, density, velocity, and other test properties]

Schaefer, William T., Jr.: Characteristics of Major Active Wind Tunnels at the Langley
Research Center. NASA-TM-X-1130, July 1965. [useful in comparing TDT characteris-
tics with those of other major LaRC wind tunnels]

Staff of the Aeroelasticity Branch: The Langley Transonic Dynamics Tunnel. NASA
Langley Working Paper (LWP)-799, Sep. 1969. [This report served for years as the basic
reference manual for the TDT—much of it is still applicable.]

2.2 Test Equipment

1.

Abbott, Frank T., Jr.: Brief Description of the Characteristics of the Langley Transonic
Dynamic Tunnel Airstream Oscillator. Meeting on Aircraft Response to Turbulence,
NASA TM-83240, 1968, pp. 6.1-6.11. [bi-plane oscillating vane system, gust generator]

Barbero, P.; and Chin, J.: User’s Guide for a Computer Program to Analyze the LRC 16’
Transonic Dynamics Tunnel Cable Mount System. NASA CR-132313, Jan. 1973. [used
to determine stability of models mounted on standard two-cable mount system]

Bruce, Robert A.; Hess, Robert W.; and Rivera, J. A.; A Vapor Generator for Transonic
Flow Visualization. NASA TM-101670, Oct. 1989. [propylene glycol system for flow
visualization]

Bryant, Charles S.; and Hoadley, Sherwood T.: Open Architecture Dynamic Data System
at Langley’s Transonic Dynamics Tunnel. AIAA Paper 1998-0343, 36th AIAA Aero-
space Sciences Meeting and Exhibit, Reno, NV, Jan. 12-15, 1998. [Open Architecture
Data Acquisition System (OADAS) replacement for Data Acquisition and Monitoring
Program (DAMP)]

Chin, J.; and Barbero, P.: User’s Guide for a Revised Computer Program to Analyze the
LRC Transonic Dynamics Tunnel Active Cable-Mount System. NASA CR-132692, July
1975. [used to determine stability of models mounted on active-control version of two-
cable mount system]

Cole, Patricia H.: Real-Time Data Acquisition System for the NASA Langley Transonic
Dynamics Tunnel. 25th International Instrumentation Symposium, Anaheim, CA, May 7-
10, 1979. (Substantially the same paper available as: Wind Tunnel Real-Time Data
Acquisition System. NASA TM-80081, 1979.) [description of Sigma 5 data acquisition
system]
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Doggett, Robert V., Jr.; and Ricketts, Rodney H.: Aeroelastic Instability Stoppers for
Wind Tunnel Models. United States Patent 4,372,158, Feb. 8, 1983. [constraining de-
vice]

Doggett, Robert V., Jr.; and Ricketts, Rodney H.: Aeroelastic Instability Stoppers for
Wind Tunnel Models. United States Patent 4,372,159, Feb. 8, 1983. [flow diverting de-
vice]

Doggett, Robert V., Jr.; Rosser, David C., Jr.; and Bryant, Charles S.: Data Acquisition
for Aeroelastic Testing at the NASA Langley Transonic Dynamics Facility. Proceeding
of the 39th International Instrumentation Symposium, Albuquerque, NM, May 3-6, 1993.
[describes ModComp data acquisition system, replacement for Sigma 5 system]

Duncan, R. L.; and Reed, W. H., 11l.: Dampers to Suppress Wind-Induced Oscillations of
Tall Flexible Structures. 10th Midwestern Mechanics Conference, Ft. Collins, CO., Aug.
21-23, 1967. (Also available as NASA-TM-X-60432, Jan. 1967.) [viscous dampers]

Farmer, Moses G.: A Two-Degree-of-Freedom Flutter Mount System with Low Damping
for Testing Rigid Wings at Different Angles of Attack. Virginia Academy of Science
Meeting, Blacksburg, VA, Apr. 20-23, 1982. (Also available as NASA TM-83302, Apr.
1982). [PAPA]

Farmer, Moses G.: Mount System for Testing Flutter. U. S. Patent No. 4,475,385, Oct. 9,
1984. [PAPA]

Flagge, Bruce: Long-Life Electromechnaical Sine-Cosine Generator. NASA Tech Brief,
Mar. 1971. [signal generator for use with model test equipment]

Hanson, Perry W.: Lift-Balancing Device. United States Patent 3,695,101, Oct. 3, 1972.
[for use in conjunction with the two-cable mount system to test models in lifting condi-
tions]

Loftin, Laurence K., Jr.: Wind Tunnel Airstream Oscillating Apparatus. United States
Patent 3,005,339, Oct. 14, 1961. [bi-plane oscillating vane system, gust generator]

Reed, Wilmer H., 11I; and Abbott, Frank T., Jr.: 4 New “Free-Flight” Mount System for
High-Speed Wind-Tunnel Flutter Models. Proceedings of Symposium on Aeroelastic and
Dynamic Modeling Technology, RTD-TDR-63-4197, Part I, Mar. 1964, pp. 169-206.
[original two-cable mount system, simulation of free flight]

Reed, Wilmer H., IlI: Test Unit Free-Flight Suspension System. United States Patent
3,276,251, Oct. 4, 1966. [original two-cable mount system, simulation of free flight]

Piatak, David J.; and Kunz Donald L.: An Experimental Testbed for Investigations of
Tiltrotor Vibration Control. Technical Note, Journal of the AHS, Vol. 45, No. 4, Oct.
2000, pp. 280-283. [WRATS]

Piatak, David J.; and Cleckner, Craig S.: Oscillating Turntable for the Measurement of
Unsteady Aerodynamic Phenomena. Journal of Aircraft, Vol. 40, No. 1, Jan.-Feb. 2003,
pp. 181-188. (Originally AIAA Paper 2002-0171, AIAA 40th Aerospace Sciences meeting
and Exhibit, Reno, NV, Jan. 2002.) [sidewall turntable]

Piatak, David J.. WRATS Integrated Data Acquisition System. NASA Tech Briefs, Mar.
2008, pp. 5-6.
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21.

22.

23.

24.

Sorokach, Michael R., Jr.: Miniature Linear-to-Rotary Motion Actuator. 27th Aerospace
Mechanism Symposium, NASA Ames Research Center, Moffitt Field, CA, May 12-14,
1993, NASA CP-3205, 1993, pp. 299-314. [for use on active control models]

Schuster, David M.: Aerodynamic Measurements on a Large Splitter Plate for the NASA
Langley Transonic Dynamics Tunnel. NASA TM-2001-210828, Mar. 2001. [splitter plate
mounted off of wind-tunnel sidewall]

Wieseman, Carol D.; and Hoadley, Sherwood T.: Versatile Software Package for Near
Real-Time Analysis of Experimental Data. 20th AIAA Advanced Measurement and
Ground Testing Technology Conference, Albuquerque, NM, June 15-18, 1998. [specifical-
ly developed for TDT, but applicable to other facilities]

Wilbur, Matthew L.: Application of a PC-Based, Real-Time, Data-Acquisition System in
Rotorcraft Wind-Tunnel Testing. NASA TM-4119 and U. S. Army AVSCOM TM-89-B-
003, July, 1989. [system components include IBM Personal Computer AT (PC-AT) and an
Omega Engineering OM-900 Stand-Alone Interface System, provides high speed data ac-
quisition for a limited number of channels]

2.3 Test Techniques

1.

Abbott, Frank T., Jr.: Some Current Techniques in Experimental Aeroelasticity. Sympo-
sium on Solid-Fluid Interaction Problems in Mechanics, ASME 1867 Winter Annual
Meeting, Pittsburgh, PA, Nov. 12-16, 1967. (Also available as NASA-TM-X-60862,
1967.) [an overview of many different contemporary test techniques employed in the
TDT]

Abel, Irving: A New Wind-Tunnel Technique for the Measurement of Various Aircraft
Stability Derivatives. NASA TM-X-61518, June 1968. [an adaptation of two-cable
mount system]

Abel, Irving: Evaluation of a Technique for Determining Airplane Aileron Effectiveness
and Roll Rate by Using an Aeroelastically Scaled Model. NASA TN D-5538, Nov. 1969.
[an adaptation of two-cable mount system]

Bennett, R. M.: Application of Zimmerman Flutter-Margin Criterion to a Wind Tunnel
Model. NASA TM-84545, Nov. 1982. [subcritical response flutter prediction technique
applied to simplified model of DAST ARW-2 wing of spar/ segmented-pod construction]

Bennett, Robert M.; Farmer, Moses G.; Mohr, Richard L.; and Hall, W. Earl, Jr.: Wind-
Tunnel Technique for Determining Stability Derivatives from Cable-Mounted Models.
Journal of Aircraft, Vol. 15, No. 5, May 1978, pp. 304-310. (Originally AIAA Paper
1977-1128, AIAA Atmospheric Flight Mechanics Conference, Hollywood, FL, Aug. 8-
10, 1977.) [system identification scheme]

Burner, A. W.; and Martinson, S. D.: Automated Wing Twist and Bending Measurements
Under Aerodynamic Loads. AIAA Paper 1996-2253, 19th AIAA Advanced Measure-
ment and Ground Testing Technology Conference, New Orleans, LA, June 17-20, 1996.
[video camera and frame grabber interfaced to computer]

Burner, A. W.; Wahls, R. A.; Owens, L. R.; and Goad, W. K.: Model Deformation Meas-
urement Technique—NASA Langley HSR Experiences. First NASA/Industry High-Speed
Research Configuration Aerodynamics Workshop, Langley Research Center Hampton,
VA, Feb. 27-29, 1996, NASA/CP-1999-209690/PT2, Dec. 1999, pp. 561-578. [mentions
studies made at TDT and other LaRC wind tunnels]
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10.

11.

12.

13.

14.

15.

16.

17.

Byrdsong, Thomas A.; Adams, Richard R.; and Sandford, Maynard C.: Close-range Pho-
togrammetry Measurement of Static Deflections for an Aeroelastic Supercritical Wing.
NASA TM-4194, Dec. 1990. [DAST ARW-2 right wing mounted to rigid half-body fu-
selage]

Doggett, Robert V., Jr.; and Hammond, Charles E.: Application of Interactive Computer
Graphics in Wind-Tunnel Dynamic Model Testing. Conference on Applications of Com-
puter Graphics in Engineering, NASA Langley Research Center, Hampton, VA, Oct. 1-2,
1975, NASA SP-390, pp. 325-353. [thorough description of Sigma 5 data acquisition
system and illustrative applications of applying computerized subcritical response meth-
ods to flutter onset prediction]

Doggett, Robert V., Jr.: Some Observations on the Houbolt-Rainey and Peak-Hold Meth-
ods of Flutter Onset Prediction. NASA TM-102745, Nov. 1990. [shows relationship be-
tween two flutter onset prediction methods, illustrative subcritical flutter response data
from tests of low-aspect-ratio delta wings]

Fleming, Gary A.; Soto, Hector L.; and South, Bruce W.: Projection Moiré Interferome-
try for Rotorcraft Applications: Deformation Measurement of Active Twist Rotor Blades.
58th AHS Annual Forum, Montréal, Canada, June 11-13, 2002. [methodology has gen-
eral applicability]

Gilman, Jean, Jr.; and Bennett, Robert M.: A Wind-Tunnel Technique for Measuring Fre-
quency-Response Functions for Gust Load Analysis. Journal of Aircraft, Vol. 3, No. 6,
Nov.-Dec. 1966, pp. 535-540. (Originally AIAA Paper 1965-787, AIAA/RAeS/JSASS
Aircraft Design and Technology Meeting, Los Angeles, CA, Nov. 15-18, 1965. [applica-
tion of bi-plane oscillating vane system, gust generator]

Hammond, Charles E.; and Doggett, Robert V., Jr.: Determination of Subcritical Damp-
ing by Moving-Block/Randomdec Applications. Symposium on Flutter Testing Tech-
niques, Dryden Flight Research Center, Edwards, CA, Oct. 9-10, 1976, NASA SP-415,
pp. 59-76, 1976. [brief description of Sigma 5 data acquisition system and applications
of subcritical response methods to flutter onset prediction]

Hanson, Perry W. Evaluation of an Aeroelastic Model Technique for Predicting Airplane
Buffet Loads. NASA TN D-7066, 1973. [application of lift counter balancing device to
testing F-111 model]

Hanson, Perry W.; and Jones, George W., Jr.: The Use of Dynamic Models for Studying
Launch Vehicle Buffet and Ground-Wind Loads. Symposium on Aeroelastic and Dynam-
ic Modeling Technology, RTD-TDR-63-4197, Part I, Mar. 1964. [reviews contemporary
uses of dynamic models]

Heeg, Jennifer; Spain, Charles V.; and Rivera, J. A.: Wind Tunnel to Atmospheric Map-
ping for Static Aeroelastic Scaling. AIAA Paper 2004-2044, 45th AIAA/ASME/
ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Palm
Springs, CA, Apr. 19-22, 2004. [scaling and testing of aeroelastic models]

Heeg, Jennifer: Stochastic Characterization of Flutter Using Historical Wind Tunnel
Data. AIAA Paper 2007-1769, 48th AIAA/ASME/ASCE/AHS/ASC Structures, Struc-
tural Dynamics, and Materials Conference, Honolulu, HI, Apr. 23-26, 2007. [non-
deterministic approach to flutter onset prediction, illustrated using PARTI model data]

15



18.

19.

20.

21.

22.

23.

24,

25.

26.

Mohr, Richard L.; and Hall, W. Earl, Jr.: Identification of Stability Derivatives from Wind
Tunnel Tests of Cable Mounted Aeroelastic Models. NASA CR-145123, 1977. [system
identification scheme]

Rainey, A. G.; and Abel, 1.: Wind-Tunnel Techniques for the Study of Aeroelastic Effects on
Aircraft Stability, Control, and Loads. AGARD Aeroelastic Effects from a Flight Mechan-
ics Standpoint, AGARD CP-46 Mar. 1970, pp. 18.1-18.15. (Paper presented at 34th Meet-
ing of the AGARD Flight Mechanics Panel, Marseilles, France, Apr. 21-24, 1969.) [bi-
plane oscillating vane system, gust generator; two cable mount system, including roll con-
trol system and lift balancing device, control effectiveness and stability derivative meas-
urement technique]

Reed, Wilmer H., 11l: Comparison of Flight Measurements with Predictions from Aeroelas-
tic Models in the NASA Langley Transonic Dynamics Tunnel. Proceedings of 46th
AGARD Conference on Flight/Ground Testing Facilities Correlation, AGARD CP-187,
Valloire, Savoie, France, June 9-12, 1975. (Also available as NASA TM-X-72686, May
1975.) [B-52 CCV model flutter and gust response, C-141T-tail flutter model, C-5A model
with Active Lift Distribution Control System (ALDCS)]

Reed, Wilmer H., 11l: Models for Obtaining Effects of Ground Winds on Space Vehicles
Erected on the Launch Pad. Conference on the Role of Simulation in Space Technology,
Virginia Polytechnic Institute, Engineering Extension Series, Circular No. 4, Part C., Pa-
per XVIII, Aug. 17-21, 1964. [reviews then current test techniques and presents methods
for interpreting data]

Runyan, H. L.; Morgan, H. G.; and Mixon, J. S.: Use of Dynamic Models in Launch-
Vehicle Development. 18th Meeting Structures and Materials Panel—AGARD, Liege,
Belgium, May 1964. [comparison of TDT model and full-scale ground-wind-loads data
for Scout launch vehicle]

Ruhlin, C. L.; Watson, J. J.; Ricketts, R. H.; and Doggett, R. V., Jr.: Evaluation of Four
Subcritical Response Methods for On-Line Prediction of Flutter Onset in Wind-Tunnel
Tests. Journal of Aircraft, Vol. 20, No. 10, Oct. 1983, pp. 835-840. (Originally AIAA
Paper 1982-0644, 23rd AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and
Materials Conference, New Orleans, LA, May 10-12, 1982; and NASA TM-83278, Mar.
1982.) [random decrement (Randomdec), power-spectral density, peak-hold, and cross-
spectrum methods]

Soistmann, David L.: Cable-Mount Stability Analysis for the SST Active Controls Testbed
Model. Lockheed-Martin Engineering Services, AOSR 95-04, July 1995. [determination
of model stability on two-cable mount system prior to wind-on testing]

Spain, Charles V.; Heeg, Jennifer; Ivanco, Thomas G.; Barrows, Danny A.; Florence,
James R.; Burner, Alpheus W.; DeMoss, Joshua; and Lively, Peter S.: Assessing Video-
grammery for Static Aeroelastic Testing of a Wind-Tunnel Model. AIAA Paper 2004-
1677, 45th AIAA/ASME/ASCE/ ASHS/ASC Structures, Structural Dynamics, and Mate-
rials Conference, Palm Springs, CA, Apr. 19-20, 2004. [model deformation measure-
ment system applied to variable-stiffness spar model, a semi-span configuration based on
F/A-18A]

Tomek, Deborah M.; Sewall, William G.; Mason, Stan E.; and Szchur, Bill W. A.: The
Next Generation of High-Speed Dynamic Stability Wind Tunnel Testing (Invited). AIAA
Paper 2006-3148, 25th AIAA Aerodynamic Measurement Technology and Ground Test-
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25.

ing Conference, San Francisco, CA, June 5-8, 2006. [technique for measuring dynamic
stability derivatives outside of the low-speed regime, non-aeroelastic testing capability]

Wiley, H. G.; Kilgore, Robert A.; Gilman, J., Jr.. Some Recent Developments of Dynam-
ics Techniques for Wind Tunnels. Conference on Aircraft Aerodynamics, NASA-SP-124,
May 1966, pp. 45-59. [with respect to TDT, use of bi-plane oscillating vane system in
gust studies]

2.4 Calibrations

1.

Dougherty, N. Sam, Jr.: Influence of Wind Tunnel Noise on the Location of Boundary-
Layer Transition on a Slender Cone at Mach Numbers from 0.2 to 5.5. Volume | Exper-
imental Methods and Summary of Results. Arnold Engineering Development Center, Ar-
nold Air Force Station, TN, AEDC-TR-78-44, Mar. 1980. [flow turbulence]

Dougherty, N. Sam, Jr.: Influence of Wind Tunnel Noise on the Location of Boundary-
Layer Transition on a Slender Cone at Mach Numbers from 0.2 to 5.5. Volume Il Tabu-
lated and Plotted Data. Arnold Engineering Development Center, Arnold Air Force Sta-
tion, TN, AEDC-TR-78-44, Mar. 1980. [flow turbulence]

Krynytzky, A. J.: Steady-State Wall Interference of a Symmetric Half-Model in the Lang-
ley Transonic Dynamics Tunnel. AIAA Paper 2001-16082, 39th AIAA Aerospace Sci-
ences meeting and Exhibit, Reno, NV, Jan. 8-11, 2001. [transport type swept wing
mounted on half body]

Florance, James R.; and Rivera, José A., Jr.: Sidewall Mach Number Distribution for the
NASA Langley Transonic Dynamics Tunnel. NASA TM-2001-211019, June 2001. [after
conversion to R134a test medium]

Lee, In: Resonance Prediction for Slotted Wind Tunnel by the Finite Element Method.
AIAA Paper 1986-0898, 27th AIAA Structures, Structural Dynamics, and Materials Con-
ference, San Antonio, TX, May 18-21, 1986. [application to TDT and other wind tun-
nels]

Mirick, Paul H.; Hamouda, M-Nabil; and Yeager, William T., Jr.: Wind-Tunnel Survey of
an Oscillation Flow Field for Application to Model Helicopter Rotor Testing. NASA
TM-4224 and U. S. Army AVSCOM-TR-90-B-007, Dec. 1990. [gust field generated by
bi-plane oscillating vanes in region of test section where helicopter models are mounted]

Piatak, David J.: Survey of Primary Flow Measurement Parameters at the NASA Langley
Transonic Dynamics Tunnel. NASA TM-2003-212413, June 2003. [after conversion to
R134a test medium]

Sleeper, Robert K.; Keller, Donald F.; Perry, Boyd, Ill; and Sandford, Maynard C.:
Characteristics of Vertical and Lateral Tunnel Turbulence Measured in Air in the Lang-
ley Transonic Dynamics Tunnel. NASA TM-107734, Mar. 1993. (Similar information is
contained in: Sleeper, Robert K.; Keller, Donald F.; Perry, Boyd, Ill; and Sandford,
Maynard C.: Measurement of Air Turbulence in the Langley Transonic Dynamics Tunnel
(TDT) Using an Anemometer Equipped with a Hot-Film X Probe. ASME Fluid Meas-
urements and Instrumentation Forum-1993, FED-Vol. 161, June 1993, pp. 75-78.) [tur-
bulence in tunnel test section during operations in air]

Wieseman, Carol D.; and Sleeper, Robert K.: Measurement of Flow Turbulence in the
NASA-Langley Transonic Dynamics Tunnel. NASA TM-2005-213529, Feb. 2005. [test-
section measurements after conversion to R-134A test medium]
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10. Wieseman, Carol D.; and Bennett, Robert M.: Wall Boundary Layer Measurements for

11.

the NASA Langley Transonic Dynamics Tunnel. NASA TM-2007-214867, Mar. 2007.
[test-section boundary layer, after conversion to R-134A test medium]

Yeager, William T., Jr.; Wilbur, Matthew L.; Mirick, Paul H.; and Rivera, José A.: Flow
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3.0 AIRPLANES
3.1 Surveys/Overviews

1.

Cole, Stanley R.; Noll, Thomas E.; and Perry, Boyd, IlI: Transonic Dynamics Tunnel
Aeroelastic Testing in Support of Aircraft Development. Journal of Aircraft, VVol. 40, No.
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Lockheed Electra model test, report prepared for the Federal Aviation Administration]
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Four-Engine Turboprop Transport Airplane. NASA TN D-1806, Aug. 1963. [propeller
whirl flutter, most comprehensive report describing Lockheed Electra model tests]

Allen, Timothy J.; Sexton, Bradley W.; and Scott, Matthew J.: SUGAR Truss Braced
Wing Full Scale Aeroelastic Analysis and Dynamically Scaled Wind Tunnel Model De-
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and Density Effect Investigations. NASA CR-172410-VOL 2, Sep. 1984. [B767-like
wing model]

Bhatia, K. G.; Nagaraja, K. S.; and Ruhlin, C. L.: Winglet Effects on the Flutter of Twin-
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clearance, propfan demonstrator]

Rauch, Frank J.; and Clark, William B.: Results of Test Conducted on a 1/10th Scale
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on flutter]

Rauch, F. J. and Waters, C.: Tests and Analyses of a 1/6.5-Size Flutter Model of an Exec-
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per LWP-246, Oct. 1966. [contains summaries of TDT tests conducted during the refer-
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pp. 673-684. [AAW, AFW, BACT, Smart Wing]
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Scott. M. J.; Enke, A.; and Flanagan, J.: SensorCraft Free-Flying Aeroservoelastic Mod-
el: Design and Fabrication. AIAA Paper 2011-1957, 52nd AIAA/ASME/ASCE/
AHS/ASC Structures, Structural Dynamics, and Materials Conference, Denver, CO, Apr.
4-7,2011.

Scott, Robert C.; Vetter, Travis K.; Penning, Kevin B.; Coulson, David A.; and Heeg,
Jennifer: Aeroservoelastic Testing of Free Flying Wind Tunnel Model—Part 1: A Side-
wall Supported Model Tested for Gust Load Alleviation and Flutter Suppression. NASA
TP-2013-218051, Oct. 2013. [semi-span SensorCraft joined wing model mounted on
balance and on two degree-of-freedom flexible support system; aerodynamic data, and
active control results]

Scott, Robert C.; Vetter, Travis K.; Penning, Kevin B.; Coulson, David A.; and Heeg,
Jennifer: Aeroservoelastic Testing of Free Flying Wind Tunnel Model—Part 2: A Center-
line Supported Fullspan Model Tested for Gust Load Alleviation. NASA TP-2014-
218170, Feb. 2014. [full-span SensorCraft joined wing model, sting-mounted on balance
and flexibly mounted on rod-monkey support system; aerodynamic data and active con-
trol results]

Scott, Robert C.; Allen, Timothy J.; Funk, Christie J.; Castelluccio, Mark A.; Sexton,
Bradley W.; Claggett, Scott; Dykman, John; Coulson, David A.; and Bartels, Robert E.:
Aeroelastic Wind-Tunnel Test of the SUGAR Truss Braced Wing Wind-Tunnel Model.
53rd Aerospace Science Meeting (SciTech 2015), Kissimmee, FL, Jan. 5-9, 2015. [Sub-
sonic Ultra Green Aircraft Research (SUGAR) program, active flutter suppression and
gust load alleviation]

Seidel, David A.; Adams, William M., Jr.; Eckstrom, Clinton V.; Sandford, Maynard C.:
Investigation and Suppression of High Dynamic Response Encountered on an Elastic Su-
percritical Wing. Transonic Unsteady Aerodynamics and Aeroelasticity 1987, Proceed-
ings of a Symposium Sponsored by the NASA, Langley Research Center, Hampton, VA,
May 20-22, 1987, CP-3022-PT-2, 1989, pp. 427-448. [SIO for DAST ARW-2 wing]

3.4.2.2 Active Flexible Wing (AFW) and Active Aeroelastic Wing (AAW)

1.

2.

Adams, W. M., Jr.; Christhilf, D. M.; Waszak, Martin R.; Mukhopadhyay, Vivek; and
Srinathkumar, S.: Design Test, and Evaluation of Three Active Flutter Suppression Con-
trollers. NASA TM-4338, Oct. 1992. [AFW]

Adams, W. M., Jr.; and Christhilf, D. M.: Design and Multifunction Tests of a Frequency
Domain-Based Active Flutter Suppression System. Journal of Aircraft, Vol. 32, No. 1,
Jan.-Feb. 1995, pp. 52-60. (Originally AIAA Paper 1992-2096, Multifunction Tests of a
Frequency Domain-Based Active Flutter Suppression System. Dynamics Specialists
Conference, Dallas, TX, Apr. 16-17, 1992.) [AFW]

Buttrill, C.; Bacon, B.; Heeg, J.; Houck, J.; and Wood, D.: Simulation and Model Reduc-
tion for the Active Flexible Wing Program. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb.
1995, pp. 23-31. (Originally AIAA Paper 1992-2081, AIAA Dynamics Specialists Con-
ference, Dallas, TX, Apr. 16-17, 1992.) [AFW]

Florance, James R.; Heeg, Jennifer; Spain, Charles V.; Ivanco, Thomas G.; and
Wieseman, Carol D.: Variable Stiffness Spar Wind-Tunnel Model Development and Test-
ing. AIAA Paper 2004-1588, 45th AIAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics, and Materials Conference, Palm Springs, CA, Apr. 19-22, 2004. [AAW]
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11.

12.

13.

Heeg, Jennifer; Spain, Charles V.; Florance, James R.; Wieseman, Carol D. ; lvanco,
Thomas G.; DeMoss, Joshua; Silva, Walter A.; Panetta, Andrew; Lively, Peter; and
Tumwa, Vic. Experimental Results from the Active Aeroelastic Wing Wind Tunnel Test
Program. AIAA Paper 2005-2234, 46th AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference, Austin TX, Apr. 18-21, 2005. [AAW]

Hoadley, S. T.; and McGraw, S. M.: Multiple Function Digital Controller System for Ac-
tive Flexible Wing Wind-Tunnel Model. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb.
1995, pp. 32-38. (Originally AIAA Paper 1992-2083, The Multiple-Function Multi-
Input/Multi-Output Digital Controller System for the AFW Wind Tunnel Model, AIAA
Dynamic Specialists Conference, Dallas, TX, Apr. 16-17, 1992; and NASA TM-107600,
July 1992.) [AFW]

Klepl, M. J.: Digital Flutter Suppression of Active Flexible Wing Using Moment Feed-
back. Journal of Aircraft, Engineering Note, Vol. 32, No. 1, Jan.-Feb. 1995, p. 206.
(Full-length paper available as AIAA Paper 1992-2098, A Flutter Suppression System
Using Strain Garages Applied to Active Flexible Wing Technology—Design and Test,
AIAA Dynamic Specialists Conference, Dallas, TX, Apr. 16-17, 1992.) [AFW]

Lin, C. Y.; Crawley, E. F.; and Heeg, J.: Open-Loop and Preliminary Closed-Loop Re-
sults of a Strain Actuated Active Aeroelastic Wing. AIAA Paper 1995-1386, AIAA 36th
Structures, Structural Dynamics, and Materials Conference, New Orleans, LA, Apr.
1995. [AAW]

Moore, D.: Maneuver Load Control Using Optimization Feedforward Commands. Jour-
nal of Aircraft, Engineering Note, Vol. 32, No. 1, p. 206, Jan.-Feb. 1995. (Full-length
version available as AIAA Paper 1992-2100, Maneuver Load Control Using Optimiza-
tion Feedforward Commands, AIAA Dynamic Specialist Conference, Dallas, TX, Apr.
16-17,1992.) [AFW]

Mukhopadhyay, V.: Flutter Suppression Control Law Design and Testing for the Active
Flexible Wing. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb. 1995, pp. 45-51. (Originally
AIAA Paper 1992-2095, Flutter Suppression Digital Control Law Design and Testing for
the AFW Wind Tunnel, Model, AIAA Dynamic Specialists Conference, Dallas, TX, Apr.
16-17, 1992, and NASA TM-107652, July 1992.) [AFW]

Noll, Thomas; Perry, Boyd, Ill; Tiffany, Sherwood; Cole, Stanley R.; Buttrill, Carey;
Adams, William, Jr.; Houck, Jacob; Srinathkumar, S.; Mukhopadhyay, Vivek; Pototzky,
Anthony; Heeg, Jennifer; McGraw, Sandy; Miller, Gerald; Ryan, Rosemary; Brosnan,
Michael; Haverty, James; and Klepl, Martin: Aeroservoelastic Wind-Tunnel Investigation
Using the Active Flexible Wing Model—Status and Recent Accomplishments. AIAA Pa-
per 1989-1168, 30th AIAA Structures, Structural Dynamic and Materials Conference,
Mobile, AL, Apr. 3-5, 1989. (Also available as NASA TM-101570, Apr. 1989.) [AFW]

Noll, Thomas; and Perry, Boyd, IlI: The Active Flexible Wing Aeroservoelastic Wind-
Tunnel Test Program. Workshop on Computational Aspects in the Control of Flexible
Systems, Williamsburg, VA, July 12-14, 1988, NASA TM-101578 Part 2, pp. 903-941.
[overview of AFW program]

Perry, B., lll; Cole, S. R.; and Miller, G. D.: A Summary of an Active Flexible Wing Pro-
gram. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb. 1995, pp. 10-15. (Originally AIAA
Paper 1992-2080, AIAA Dynamic Specialists Conference, Dallas, TX, Apr. 16-17, 1992;
and NASA TM-107655, July 1992.) [AFW]
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Perry, B., lll; Dunn, H. J.; and Sandford, M. C.: Control Law Parameterization for an
Aeroelastic Wind-Tunnel Model Equipped with an Active Roll Control System and Com-
parison with Experiment. AIAA Paper 1988-2211, 29th AIAA/ASME/ASCE/ AHS/ASC
Structures, Structural Dynamics, and Materials Conference, Williamsburg, VA, Apr. 18-
20, 1988. (Also available as NASA TM-100593, May 1988.) [AFW]

Perry, Boyd, Ill; Mukhopadhyay, Vivek; Hoadley, Sherwood T.; Cole, Stanley R.;
Buttrill, Carey S.; and Houck, Jacob A.: Digital-Flutter-Suppression-System Investiga-
tions for the Active Flexible Wing Wind-Tunnel Model. AIAA Paper 1990-1074, AIAA
31st AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials
Conference, Long Beach CA, Apr. 2-4, 1990. (Also available as NASA TM-102618,
Mar. 1990.) [AFW]

Perry, Boyd, Ill; Mukhopadhyay, Vivek; Hoadley, Sherwood Tiffany.; Cole, Stanley R.;
Buttrill, Carey S.; and Houck, Jacob A.: Design, Implementation, Simulation, and Testing
of Digital Flutter Suppression Systems for the Active Flexible Wing Wind-Tunnel Model.
ICAS Paper 90-1.3.2, Proceeding of the 17th Congress of the International Council of
the Aeronautical Sciences, Stockholm, Sweden, Sep. 9-14, 1990, Vol. 1., pp. 408-418.
[AFW]

Silva, W. A.; and Bennett, R. M.: Predicting the Aeroelastic Behavior of a Wind-Tunnel
Model Using Transonic Small Disturbance Theory. ICAS Paper 90-1.1.1, Proceeding of
the 17th Congress of the International Council of the Aeronautical Sciences, Stockholm,
Sweden, Sep. 9-14, 1990, Vol. 1., pp. 1-10. [AFW]

Silva, W. A.; and Bennett, R. M.: Investigation of the Aeroelastic Stability of the AFW
Wind-Tunnel Model Using CAP-TSD. AGARD Structures and Materials Panel Special-
ist’s Meeting on Transonic Unsteady Aerodynamics and Aeroelasticity, San Diego, CA,
Oct. 6-11, 1991. (Also available as NASA TM-104142, Sep. 1991.) [AFW]

Silva, W. A.; and Bennett, R. M.: Further Investigations of the Aeroelastic Behavior of
the AFW Wind-Tunnel Model using Transonic Small Disturbance Theory. AIAA Paper
1992-2082, AIAA Dynamic Specialists Conference, Dallas, TX, Apr. 16-17, 1992.
[AFW]

Silva, W. A.; and Bennett, R. M.: Application of Transonic Small Disturbance Theory to
the Active Flexible Wing Model. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb. 1995, pp.
16-22. [AFW]

Waszak, M. R.; and Srinathkumar, S.: Flutter Suppression for the Active Flexible Wing:
A Classical Design. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb. 1995, pp. 61-69. (Orig-
inally AIAA Paper 1992-2097, Flutter Suppression for the Active Flexible Wing—
Control System Design and Experimental Validation, AIAA Dynamics Specialists Meet-
ing, Dallas, TX, Apr. 16-17, 1992.) [AFW]

Wieseman, C. D.; Hoadley, S. T.; and McGraw, S. M.: On-Line Analysis Capabilities
Developed to Support the Active Flexible Wing Wind-Tunnel Tests. Journal of Aircraft,
Vol. 32, No. 1, Jan.-Feb. 1995, pp. 39-44. (Originally AIAA Paper 1992-2084, Dynam-
ics Specialists Meeting, Dallas, TX, Apr. 16-17, 1992; and NASA TM-107651, July
1992.) [AFW]

Woods-Vedeler, J. A.; Pototzky. A. S.; and Hoadley, S. T.: Rolling Maneuver Load Alle-
viation Using Active Controls. Journal of Aircraft, Vol. 32, No. 1, Jan.-Feb. 1995, pp.

28



24.

69-76. (Originally AIAA Paper 1992-2099, AIAA Dynamics Specialists Conference,
Dallas, TX, Apr. 16-17, 1992; and NASA TM-107654, July 1992.) [AFW]

Woods-Vedeler, Jessica A.; Pototzky. Anthony S.; and Hoadley, Sherwood T.: Active
Load Control during Rolling Maneuvers. NASA TP-3455, Oct. 1994. [AFW]

3.4.2.3 Benchmark Active Control Technology (BACT)

1.

10.

Bartels, Robert E.; and Schuster, David M.: Comparison of Two Navier-Stokes Methods
with Benchmark Active Control Technology Experiments. Journal of Guidance, Control,
and Dynamics, Vol. 23, No. 6. Nov.-Dec. 2000, pp. 1094-1099. [steady and unsteady
flow, static and oscillating aileron]

Bennett, Robert M.; Scott, Robert C.; and Wieseman, Carol D.: Computational Test Cas-
es for the Benchmark Active Controls Model. Journal of Guidance, Control, and Dynam-
ics, Vol. 23, No. 5. Sep.-Oct. 2000, pp. 922-929. [unsteady aerodynamic and aeroelastic
computational test cases]

Haley, Pam; and Soloway, Don: Generalized Predictive Control for Active Flutter Sup-
pression. Journal of Guidance, Control, and Dynamics, Vol. 24, No. 1. Jan.-Feb. 2001, p.
154-159. [comparisons of theory with experiment for BACT model]

Kelkar, A. G.; and Joshi, S. M.: Passivity-Based Robust Control with Application to
Benchmark Active Control Technology Wing. Journal of Guidance, Control, and Dynam-
ics, Vol. 23, No. 5. Sep.-Oct. 2000, pp. 938-947. [calculations for BCAT model, but no
experimental results]

Mukhopadhyay, Vivek: Transonic Flutter Suppression Control Law Design and Wind-
Tunnel Test Results. Journal of Guidance, Control, and Dynamics, Vol. 23, No. 5. Sep.-
Oct. 2000, pp. 930-937. [comparisons of theory with experiment for BACT model]

Scott, Robert C.; Hoadley, Sherwood T.; Wieseman, Carol D.; and Durham, Michael H.:
Benchmark Active Control Technology Model Aerodynamic Data. Journal of Guidance,

Control, and Dynamics, Vol. 23, No. 5. Sep.-Oct. 2000, pp. 914-921. [flutter boundaries,
pressure distributions and loads, control surface effectiveness for BACT model]

Scott, Robert C.; and Pado, Lawrence E.: Active Control of Wind-Tunnel Model Aeroe-
lastic Response using Neural Networks. Journal of Guidance, Control, and Dynamics,
Vol. 23, No. 6. Nov.-Dec. 2000, pp. 1100-1108. [comparisons of theory with experiment
for BACT model]

Waszak, Martin R.; and Fung, Jimmy: Parameter Estimation of Actuators for Benchmark
Active Control Technology (BACT) Wind Tunnel Model with Analysis of Wear and Aero-
dynamic Loading Effects. NASA TM-1998-208452, July 1998. (A portion of this infor-
mation was included in; Parametric Estimation and Analysis of Actuators for BACT
Wind-Tunnel Model, AIAA Paper 1998-3362, AIAA 21st Atmospheric Flight Mechanics
Conference, San Diego, CA, July 29-31, 1996.)

Waszak, Martin R.: Robust Multivariable Flutter Suppression for the Benchmark Active
Control Technology (BACT) Wind-Tunnel Model. 11th Symposium on Structural Dy-
namics and Control, Blacksburg, VA, May 12-14, 1997. [experimental evaluation of
control laws]

Waszak, Martin R.: Robust Multivariable Flutter Suppression for Benchmark Active Con-
trol Technology Wind-Tunnel Model. Journal of Guidance, Control, and Dynamics, Vol.
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24, No. 1, Jan.-Feb. 2001, pp. 147-133. [comparisons of theory with experiment for
BACT model]

3.4.2.4 F-16 Flutter Suppression
1. Peloubet, R. P., Jr.; Haller, R. L.; and Bolding, R. M.: F-16 Flutter Suppression System

Investigation Feasibility Study and Wind-Tunnel Tests. Journal of Aircraft, Vol. 19, No.
2, Feb. 1982, pp. 169-175. (Originally AIAA Paper 1980-0768, F-16 Flutter Suppression
System Investigation, 21st AIAA/ASME/ASCE/AHS Structures, Structural Dynamics,
and Materials Conference, Seattle, WA, May 12-14, 1980.) [full-span, cable-mounted
model]

Peloubet, R. P., Jr.; and Haller, R. L.: Recent Developments in the F-16 Flutter Suppres-
sion with Active Control Program. Journal of Aircraft, VVol. 21, No. 9, Sep. 1984, pp.
716-721. (Originally AIAA Paper 1983-0995, 24th AIAA/ASME/ ASCE/AHS Struc-
tures, Structural Dynamics, and Materials Conference, Lake Tahoe, CA, May 2-4, 1983.)
[full-span, cable-mounted model]

Peloubet, R. P., Jr.; and Haller, Richard L.: Wind-Tunnel Demonstration of Active Flutter
Suppression Using F-16 Model with Stores. AFWAL-TR-83-3046, Apr. 1983. [full-
span, cable mounted model]

Peloubet, R.; Bolding, R.; and Penning, K.: Adaptive Flutter Suppression Wind-Tunnel
Test Demonstration. AFWAL-TR-87-3053, Oct. 1987. [full-span, cable-mounted mod-
el]

3.4.2.5 YF-17 Flutter Suppression

1.

Destuynder, R.: Essais en Soufflerie sur Une Maquette de L ’Avion YF 17 Concernant le
Flottement D’Une Cobinaison Aile-Engin (Cooperation Internationale). Report on a
Cooperative Programme on Active Flutter Suppression. AGARD Report No. 689, Paper
No. 3, Apr. 1980. [French contribution to international cooperative program, semi-span
model]

Honlinger, H.; Sensburg, O.; Kiuhn, M.; and Godel, H.: Active Control of an Explosive
Wing-Store Flutter Case. Report on a Cooperative Programme on Active Flutter Sup-
pression. AGARD Report No. 689, Paper No. 2, Apr.1980. [German contribution to in-
ternational cooperative program, semi-span model]

Hwang, C.; Winther, B.; Noll, T.; and Farmer, M.: Demonstration of Aircraft Wing/Store
Flutter Suppression Systems. Considerations of Wing Stores Flutter, AGARD Report
No. 668, Apr. 1979, pp.21-37. [United States studies, semi-span model]

Hwang, C.; Winther, B.; and Mills, G.: Demonstration of Aircraft Wing/Store Flutter
Suppression Systems. AFFDL-TR-78-65, June 1978. [United States studies, semi-span
model]

Hwang, C.; Winther, B. A.; Mills, G. R.; Noll, T. E.; and Farmer, M. G.: Demonstration
of Aircraft Wing/Store Flutter Suppression Systems, Journal of Aircraft, VVol. 16, No. 8,
Aug. 1997, pp. 557-563 [United States studies, semi-span model]

Hwang, C.; Johnson, E.; Mills, G.; Noll, T.; and Farmer, M.: Wind-Tunnel Test of a
Fighter Aircraft Wing/Store Flutter Suppression System, an International Effort.
AGARD Report on a Cooperative Programme on Active Flutter Suppression, AGARD
Report No. 689, Paper No. 1, Apr. 1980. [United States contribution to international co-
operative program, semi-span model]
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10.

11.

12.

Hwang, C.; Johnson, E.; Mills, G.; and Pi, W.: Additional Demonstration of Active
Wing/Store Flutter Suppression Systems. AFWAL-TR-80-3093m 1980. [United States
contribution to international cooperative program, semi-span model]

Hwang, C.; and Johnson, E.: Test Demonstration of Digital Adaptive Control of Wing/
Store Flutter, Part I-Demonstration of Digital Control. AFWAL-TR-82-3044, Dec.
1982. [United States studies, semi-span model]

Hwang, C.; and Johnson, E. H.: Test Demonstration of Digital Adaptive Control of
Wing/Store Flutter, Part II—Demonstration of Adaptive Control. AFWAL-TR-82-3044,
Dec. 1982. [United States studies, semi-span model]

Johnson, E. H.; Hwang, C.; Joshi, D. S.; Harvey, C. A.; Huttsell, L. T., Farmer, M. G.:
Adaptive Flutter Suppression Analysis and Test. AGARD Recent Transonic Flutter In-
vestigation for Wings and External Stores, AGARD Report 703, Apr. 21-25, 1983.
[United States studies, semi-span model]

Noll, T. E.; Huttsell, L. T.; and Cooley, D. E.: Wing-Store Flutter Suppression Investiga-
tion. Journal of Aircraft, Vols. 18, No. 11, Nov. 1981. (Originally Investigation of Inter-
national Control Law for Wing/Store/Flutter Suppression, AIAA Paper 1980-0764, 21st
AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and Materials Conference,
Seattle, WA, May 12-14, 1980.) [United States studies, semi-span model]

Turner, M. R.: Wind Tunnel Tests on a Fighter Aircraft Wing/Store Flutter Suppression
system—The BAE Control Law. Report on a Cooperative Programme on Active Flutter
Suppression. AGARD Report No. 689, Paper No. 4, Apr. 1980. [United Kingdom con-
tribution to international cooperative program, semi-span model]

3.4.2.6 SemiSpan SuperSonic Transport (S4T) Model

1.

Christhilf, David M.; Pototzky, Anthony S.; and Stevens, William L.: Incorporation of
SemiSpan SuperSonic Transport (S*T) Aeroservoelastic Model in SAREC-ASV Simula-
tion. AIAA Paper 2010-8099, AIAA Atmospheric Fight Mechanics Conference, Toron-
to, Canada, Aug. 2-5, 2010.

Christhilf, David M.; Moulin, Boris; Ritz, Erich; Chen, P. C.; Roughen, Kevin M.; and
Perry, Boyd, Ill: Characteristics of Control Laws Tested on the Semi-Span Super-Sonic
Transport (S*T) Wind-Tunnel Model. AIAA Paper 2012-1555, 53rd AIAA/ASME/
ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Honolulu,
HI, Apr. 23-26, 2012.

Christhilf, David M.: Visualizing Flutter Mechanism as Traveling Wave Through Anima-
tion of Simulation Results for the Semi-Span Super-Sonic Transport Wind Tunnel Model.
AIAA Paper 2014-1197, 55th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dy-
namics, and Materials Conference, National Harbor, MD, Jan. 13-17, 2014.

Florance, James R.; Scott, Robert C. ; Keller, Donald F. ; Sanetrik, Mark D. ; and Silva,
Walter A.: Lessons in the Design and Characterization Testing of the Semi-Span Super-
Sonic Transport (S*T) Wind-Tunnel Model. AIAA Paper 2012-1553, 53rd AIAA/ASME/
ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Honolulu,
HI, Apr. 23-26, 2012.

Heeg, Jennifer; and Wieseman, Carol D.: System identification & uncertainty quantifica-
tion using orthogonal excitations & the Semi-span SuperSonic Transport (S*T) model.
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11.

12.

13.

14.

3.4.3

AIAA Paper 2012-1404, 53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dy-
namics, and Materials Conference, Honolulu, HI, Apr. 23-26, 2012.

Hur, Jiyoung: Aeroelastic Analyses of the SemiSpan SuperSonic Transport (S*T) Wind
Tunnel Model at Mach 0.95. NACA CR-2014-218287, July 2014.

Moulin, Boris; Ritz, Erich; Chen, P. C.; Lee, D. H.; and Zhang, Z.: CFD-based Control
for Flutter Suppression, Gust Load Alleviation, and Ride Quality Enhancement for the
S*T Model. AIAA Paper 2010-2623, 51st AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference, Orlando, FL, Apr. 12-15, 2010.

Moulin, Boris; Ritz, Erich; Florance, James; Sanetrik, Mark; and Silva, Walter: Classic
and Robust Aeroservoelastic Control for the S4T Wind-Tunnel Model. AIAA Paper 2010-
7802, AIAA Atmospheric Fight Mechanics Conference, Toronto, Canada, Aug. 2-5,
2010.

Sanetrik, Mark D.; Silva, Walter A.; and Hur, Jiyoung: Computational Aeroelastic Anal-
ysis of the Semi-Span Super-Sonic ($*T) Wind-Tunnel Model. AIAA Paper 2012-1556,
53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials
Conference, Honolulu, HI, Apr. 23-26, 2012. [summarizes computational aeroelastic
analysis for the S4T model]

Roughen, Kevin M.; and Bendiksen, Oddvar O.: Active Flutter Suppression of the Super-
sonic Semispan Transport (S'T) Model. AIAA Paper 2010-2621, 51st AIAA/
ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Or-
lando, FL, Apr. 12-15, 2010.

Roughen, Kevin M.; and Bendiksen, Oddvar O.; and Gadient, Ross: Active Aeroelastic
Control of the Supersonic Semispan Transport (S*T) Model. Suppression of the Superson-
ic Semispan Transport (S4T) Model. AIAA Paper 2010-8397, 51st AIAA Guidance,
Navigation, and Control Conference, Toronto, Canada, Aug. 2-5, 2010

Silva, Walter A.; Perry, Boyd, Ill; Florance, James R.; Sanetrik, Mark D.; Wieseman,
Carol D.; Stevens, William L.; Funk, Christie J.; Hur, Jiyoung; Christhilf, David M.; and
Coulson, David A.: An Overview of the Semi-Span Super-Sonic Transport (S*T) Wind-
Tunnel Model Program. AIAA Paper 2012-1552, 53rd AIAA/ASME/ASCE/ AHS/ASC
Structures, Structural Dynamics, and Materials Conference, Honolulu, HI, Apr. 23-26,
2012. [summarizes computational and experimental aeroelastic and aeroservoelastic re-
sults]

Wieseman, Carol; Christhilf, David; and Perry, Boyd, Ill: Analytical and Experimental
Evaluation of Digital Control Systems for the Semi-Span Super-Sonic Transport (S*T)
Wind Tunnel Model. AIAA Paper 2012-1554, 53rd AIAA/ASME/ ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials Conference, Honolulu, HI, Apr. 23-26,
2012.

Zeng, Jie; Moulin, Boris; and Kukreja, Sunil. Experiential Model Based Robust Aeroser-
voelastic Control for the S*T Wind Tunnel Model. AIAA Paper 2011-6370, AIAA At-
mospheric Flight Mechanics Conference, Portland, OR, Aug. 8-11, 2011.

Passive Control

Desmarais, Robert N.; and Reed, Wilmer H., Il1l: Wing/Store Flutter with Nonlinear Py-
lon Stiffness. Journal of Aircraft, Vol. 18, No. 11, Nov. 1981, pp. 984-987. (Originally
AIlAA Paper 1980-0792, 21st AIAA/ASME/ASCE/AHS Structures, Structural Dynamics,
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and Materials Conference, Seattle, WA, May 12-14, 1980; and NASA TM 81789, Apr.
1980) [decoupler pylon related]

2. Murphy, A. C.; Rogers, W. A.; Shirk, M. H.; and Ruhlin, C. L.: Design, Testing and
Analysis of Aeroelastically Tailored Transonic Flutter Model Wings. AIAA Paper 1983-
1027, 24th AIAA/ASME,/ASCE/AHS Structures, Structural Dynamics, and Materials
Conference, Lake Tahoe, CA, May 2-4, 1983. [semispan wash-in and wash-out wings]

3. Reed, W. H., Ill; Foughner, J. T., Jr.; and Runyan, H. L., Jr.: Decoupler Pylon: A Simple,
Effective Wing/Store Flutter Suppressor. Journal of Aircraft, Vol. 17, No. 3, Mar. 1980,
pp. 206-211. (Originally AIAA Paper 1979-0791, 20th AIAA/ASME/ ASCE/AHS
Structures, Structural Dynamics, and Materials Conference, St. Louis, MO, Apr. 4-6,
1979.) [effectiveness demonstrated by analysis and wind-tunnel tests]

4. Reed, Wilmer H., 1lI; Cazier, Frank W., Jr.; and Foughner, Jerome T., Jr.: Passive Con-
trol of Wing/Store Flutter. Fifth JTCG/MD Aircraft Stores Compatibility Symposium,
St. Louis, Mo. Sept 9-11, 1980. (Also available as NASA TM-81865, Dec. 1980.) [de-
coupler pylon mounted on F-16 and YF-17 aeroelastic models.]

5. Reed, Wilmer H, 11I: Decoupler Pylon Wing/Store Flutter Suppressor. United States Pa-
tent 4,343,447, 10 Aug. 1982.

6. Stewart, Eric C.; and Redd, L. Tracey.: A Comparison of the Results of Dynamic Wind-
Tunnel Tests with Theoretical Predictions for an Aeromechanical Gust-Alleviation Sys-
tem for Light Airplanes. NASA TN D-8521, Sep. 1977. [full-span general aviation air-
plane model, rod/monkey mounted]

7. Stewart, Eric C.: and Doggett, Robert V., Jr.: Dynamic Wind-Tunnel Tests of an Aerome-
chanical Gust-Alleviation System Using Several Different Combinations of Control Sur-
faces. NASA TM-78638, Mar. 1978. [full-span general aviation airplane model,
rod/monkey mounted]

3.5 Benchmark Models Program

1. Bennett, Robert M.; Dansberry, Bryan E.; Farmer, Moses G.; Eckstrom, Clinton V.;
Seidel, David A.; Rivera, José A. Jr.: Transonic-Shock-Induced Dynamics of a Flexible
Wing with a Thick Circular-Arc Airfoil. Journal of Aircraft, Vol. 30, No. 1, Jan.-Feb.
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Dansberry, B. E.: Dynamic Characteristics of a Benchmark Models Program Supercriti-
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SC(2)-0414 airfoil section]
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Waszak, Martin R.: Modeling the Benchmark Active Control Technology Wind-Tunnel
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3.6 Flutter/Divergence/Buffeting/Gust Studies
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1988.) [calculated flutter results compared to experimental data for 45°-sweep wing]

Bennett, Robert M.; and Bland, Samuel R.: Experimental and Analytical Investigation of
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Baker, Myles L.; Mendoza, Raul; and Hartwich, Peter M.; Transonic Aeroelastic Analy-
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AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Confer-
ence, St. Louis, MO, Apr. 12-15, 1999. [compares calculated flutter results with experi-
mental results for the flexible semi-span high-speed research model]
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Whirl-Flutter Speeds and Static-Stability Derivatives and Comparison with Theory.
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Cole, Stanley: Flutter of a Low-Aspect-Ratio Rectangular Wing. NASA TM-4116, June
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Cole, Stanley R.; Moss, Steven W.; and Doggett, Robert V., Jr.. Some Buffet Response
Characteristics of a Twin-Vertical-Tail Configuration. NASA TM-102749, Oct. 1990.
[original rigid low-speed F-18 stability model equipped with flexible vertical tails]
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thors: A Preliminary Study of Effects of Vortex Diffusers (Winglets) on Wing Flutter.
NASA TM X-72799, Dec. 1975.) [research model with wing planform similar to L-1011
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Doggett, Robert V., Jr.; and Ricketts, Rodney H.: Some Experimental and Theoretical
Flutter Characteristics of an Arrow-Wing Configuration. AIAA Paper 1977-0422, 18th
AIAA/ASME Structures, Structural Dynamics, and Materials Conference, San Diego,
CA, Mar. 21-23, 1977. [parametric study of the effects of some configuration variables
on flutter]

Doggett, Robert V., Jr.; and Ricketts, Rodney H.: Dynamic Response of a Forward-Swept
Wing Model at Angles of Attack up to 15° at a Mach Number of 0.8. NASA TM-81863,
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Doggett, Robert V., Jr.: Some Effects of Aerodynamic Spoilers on Wing Flutter. NASA
TM-101632, July 1989. (See also: Flutter Spoilers. NASA Tech Briefs, Vol. 15, No. 9,
Sept, 1991, pp. 93-940.) [hinged spoilers (speed brakes)]

Doggett, Robert V., Jr.; Soistmann, David L.; Spain, Charles V.; Parker, Ellen C.; and
Silva, Walter A.: Experimental Transonic Flutter Characteristics of Two 72°-Sweep Del-
ta-Wing Models. NASP TM-1079, Aug. 1989. (Also available as NASA TM-101659,
Aug. 1989.) [delta wing and clipped delta wing models]

Doggett, Robert V., Jr.; Ricketts, Rodney H.; Noll, T. E.; and Malone, John B.: NASP
Aeroservothermoelasticity Studies. NASA TM-104058, Apr. 1991. (Identical paper pre-
sented by Noll at Tenth National Aero-Space Plane Technology Symposium and availa-
ble as NASP TM 1139, Aug. 1991.) [NASP related, flutter of 72°-sweep delta wing
model, flutter and divergence of all-moveable delta-wing model, and aileron buzz model]

Doggett, R. V., Jr.; and Soistmann, D. L.: Low-Speed Flutter Characteristics of Some
Simple Low-Aspect-Ratio Delta-Wing Models. Journal of Aircraft, Vol. 29. No. 2, Mar.-
Apr. 1992, pp. 173-279. (Originally AIAA Paper 1989-1325, Some Low-Speed Flutter
Characteristics of Simple Low-Aspect-Ratio Delta-Wing Models. 30th AIAA/ASME/
AHS/ASC Structures, Structural Dynamics, and Materials Conference, Mobile, AL, Apr.
3-4, 1989; and NASA TM-101547, Jan. 1989.) [parametric studies of wing sweep on
flutter]
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C.; Wilkie, W. Keats, and Doggett, Robert V., Jr.: Parametric Flutter Studies of an Ar-
row-Wing Configuration: Some Early Results. NASA TM-100608, May 1988. [re-
search SST configuration, effects on flutter of parametric changes in structural and geo-
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Durham, Michael H.; Cole, Stanley R.; Cazier, F. W., Jr.; Keller, Donald F.; Parker, Ellen
C.; and Wilkie, W. Keats: Experimental Transonic Flutter Characteristics of Supersonic
Cruise Configurations. AIAA Paper 1990-0979, 31st AIAA/ASME/ ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials Conference, Long Beach, CA, Apr. 2-4,
1990. (Also available as NASA TM-102638, June 1990.) [research models, effects on
flutter or parametric changes in structural and geometric characteristics]

Edwards, John W.; Spain, Charles V.; Keller, Donald F.; and Moses, Robert W.:
Transport Wing Flutter Model Transonic Limit Cycle Oscillation Test. Journal of Air-
craft, Vol. 46, No. 4, July-Aug. 2009, pp. 1004-1113. (Originally AIAA Paper 2001-
1291, MAVRIC Flutter Model Transonic Limit Cycle Oscillation Test, 19th AIAA Ap-
plied Aerodynamics Conference, Seattle, WA, Apr. 2002; and NASA TM-2001-210877.)
[model representative of modern subsonic transport]

Farmer, Moses G.; Hanson, Perry W.; Wynne, Eleanor C.: Comparison of Supercritical
and Conventional Wing Flutter Characteristics. AIAA Paper 1976-1560, 17th AIAA/
ASME/SAE Structures, Structural Dynamics, and Materials Conference, Valley Forge,
PA, May 5-7 1976. (Also available as NASA TM X-72837, May 1976.) [smooth surface
wings, subsonic transport planform (same as TF-8A Supercritical Wing (SCW) demon-
strator)]

Grosser, W. F.; Britt, R. T.; Childs, C. B.; Crooks, O. J.; and Cazier, F. W.: A High-Speed
Wind Tunnel Study of the Flutter and Steady/Unsteady Aerodynamic Characteristics of a
Supercritical Versus Conventional Airfoil Transport Wing. AGARD 55th Structures and
Materials Panel, Toronto, Canada, Sep. 20-24, 1982. (Published in AGARD-R-703, Jan.
1983.) [semispan subsonic transport wings of spar/segmented-pod construction]

Ivanco, Thomas G.; Heeg, Jennifer; Rivera, Jose A., Jr.: An Investigation of Leading
Edge Control Surface Divergence and Its Experimental Prediction. AIAA Paper 2003-
1960, 44th AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and Materials
Conference, Norfolk, VA, Apr. 7-10, 2003. [free-to-pitch model with leading edge con-
trol, evaluation of subcritical response method for divergence prediction]

Keller, Donald F.; and Bullock, Ellen Parker: Span Reduction Effects of Flutter Charac-
teristics of Arrow-Wing Supersonic Transport Configurations. NASA TP-3077, May
1991. [research model]

Keller, Donald F.; Sandford, Maynard C.; and Pinkerton, Theresa L.: Planform Curva-
ture Effects on Flutter Characteristics of a Wing with 56° Leading-Edge Sweep and Pan-
el Aspect Ratio of 1.14. NASA TP-3116, Sep. 1991. [semispan models, 3-percent thick
biconvex airfoil section, parametric changes in radius of curvature of leading edge]
Moses, Robert W.; and Ashley, Holt: Spatial Characteristics of the Unsteady Differential
Pressures on 16% F/A-18 Vertical Tails. AIAA Paper 1998-0519, 36th AIAA Aerospace
Sciences Meeting and Exhibit, Reno, NV, Jan. 12-15, 1998. (Also available as NASA
TM-1998-207323, Jan. 1988.) [buffeting related pressures]

37



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Moses, Robert W.; and Pendleton, Ed: A Comparison of Pressure Measurements between
a Full-Scale and a 1/6-Scale F/A-18 Twin Tail during Buffet. NASA TM-110282, Aug.
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Moses, Robert W.: Fin Buffeting Features of an Early F-22 Model. AIAA Paper 2000-
1695, 41st AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materi-
als Conference, Atlanta, GA, Apr. 3-6, 2000. [buffeting pressure, flow “visualization”
with tufts]

Moss, Steven W.; Cole, Stanley R.; and Doggett, Robert V., Jr.. Some Subsonic and
Transonic Buffet Characteristics of the Twin Vertical-Tails of a Fighter Airplane Config-
uration. AIAA Paper 1991-1049, 32nd AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference, Baltimore, MD, Apr. 8-10, 1991. [rigid
low-speed F-18 stability model equipped with flexible vertical tails]

Murphy, Arthur C.: Experimental and Analytical Study on the Flutter and Gust Response
Characteristics of a Torsion-Free-Wing Airplane Model. NASA CR-159283 (Contract
NASW-15412, General Dynamics), Mar. 1981. [research model]

Parker, Ellen C.; Spain, Charles V.; and Soistmann, David L.: Experimental Transonic
Buzz Characteristics of a Clipped-Delta-Wing Model with a Full-Span Aileron. NASP
Contractor Report 1083, May 1990. [highly swept delta wings with trailing edge control
surface]

Parker, Ellen C.; Spain, Charles V.; and Soistmann, David L.: Aileron Buzz Investigated
on Several Generic NASP Wing Configurations. AIAA Paper 1991-0936, 32nd
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Confer-
ence, Baltimore, MD, Apr. 8-10, 1991. [highly swept delta wings with trailing edge con-
trol surface]

Pototzky, Anthony S.; Spain, Charles V.; Soistmann, David L.; and Noll, Thomas E.:
Application of Unsteady Aeroelastic Analysis Techniques on the National Aerospace
Plane. Fourth National Aerospace Plane System, Monterey, CA, Feb. 1988. (Also avail-
able as NASA TM-100648) [flutter calculations compared with previous experimental
results for 72°-sweep delta wing, and series of wings with sweep-back as a parameter]

Redd, L. T.; Hanson, P. W.; and Wynne, E. C.: Dynamic Response of Airplanes to At-
mospheric Turbulence Including Flight Data on Input and Response. NASA TP-1501,
Nov. 1979. [B-52 CCV model]

Ricketts, Rodney H.; and Doggett, Robert V., Jr. (appendix by Wilmer H. Reed, II):
Wind-Tunnel Experiments on Divergence of Forward-Swept Wings. NASA TP-1685,
Aug. 1980. [parametric divergence study that also describes development and validation
of a number of subcritical response techniques for predicting divergence onset, and de-
velopment of aeroelastic instability stoppers]

Rivera, José A., Jr.. An Experimental and Analytical Investigation of the Effect of
Spanwise Curvature on Wing Flutter at Mach Number of 0.7. NASA TN-4094, Feb,
1989. [two series of aspect ratio 1.5 rectangular-planform research models, flat plate and
NACA 65 series airfoils, parametric changes in curvature]

Ruhlin, Charles L.; Destuynder, Roger M.; and Gregory, Richard A.. Some Tunnel-Wall
Effects on Transonic Flutter. Journal of Aircraft, Vol. 12, No. 3, Mar. 1975, pp. 162-167.
[clipped delta-wing model]
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Ruhlin, Charles L.; Doggett, Robert V., Jr.; and Gregory, Richard A.: Geared Elevator
Flutter Study. AIAA Paper 1976-1559, 17th AIAA/ASME/SAE Structures, Structural
Dynamics, and Materials Conference, Valley Forge, PA, May 5-7, 1976. (Also available
as NASA TM X-73902, May 1976.) [empennage/aft fuselage model of National SST
configuration]

Ruhlin, Charles L.; Doggett, Robert V., Jr.; and Gregory, Richard A.: Experimental and
Analytical Transonic Flutter Characteristics of a Geared-Elevator Configuration.
NASA TP-1666, June, 1980. [empennage/aft fuselage model of National SST configu-
ration, updates and expands previous publications]

Ruhlin, C. L.; and Murphy, A. C.: Transonic Flutter and Gust-Response Tests and Anal-
yses of a Wind-Tunnel Model of a Torsion-Free-Wing Fighter Airplane. AIAA Paper
1981-0650, Dynamic Specialist Conference, Atlanta, GA, Apr. 9-10, 1981. (Also availa-
ble as NASA TM-81961, Apr. 1981.) [research model]

Ruhlin, Charles L.; and Pratt-Barlow, Charles R.: Transonic Flutter Study of a Wind-
Tunnel Model of an Arrow Wing Supersonic Transport. AIAA Paper 1981-0645, AIAA
Dynamics Specialists Conference, Atlanta, GA, Apr. 9-10, 1981. (Also available as
NASA TM-81962, Apr. 1981.) [1/20-scale, low-speed flutter model of SCAT-15F con-
figuration]

Sandford, Maynard C.; Ruhlin, Charles L.; and Abel, Irving: Transonic Flutter Charac-
teristics of a 50.5° Clipped-Delta Wing with Two Rearward-Mounted Nacelles. NASA
TN D-7544, June 1974. [configuration similar to national SST wing, precursor to
clipped-delta wing active flutter suppression studies]

Schuster, D. M.; Spain, C. V.; Turnock, D. L.; Rausch, R. D.; Hamouda, M-Nabil H.;
Vogler, W. A.; and Stockwell, A. E.: Development, Analysis, and Testing of the High
Speed Research Flexible Semispan Model. NACA CR-1999-209556, Sep. 1999. [flutter,
and pressure and loads data, comparisons of theory with experiment]

Seidel, David A.; Eckstrom, Clinton V.; and Sandford, Maynard C.: Transonic Region of
High Dynamic Response Encountered on an Elastic Supercritical Wing. Journal of Air-
craft, Vol. 26, No. 9, Sep. 1989, pp. 870-875. [SIO, subsonic transport wing]

Seidel, D. A.; Eckstrom, C. V.; and Sandford, M. C.: Transonic Region of High Dynamic
Response Encountered on an Elastic Supercritical Wing. Journal of Aircraft, Vol. 26,
No. 9, Sep. 1988, pp. 860-875. (Originally, AIAA Paper 1987-0735, Investigation of
Transonic Region of High Dynamic Response Encountered on an Elastic Supercritical
Wing, 28th AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and Materials
Conference, Monterey, CA, Apr. 6-8, 1987. (Also available as NASA TM-89121, Mar.
1987.) [subsonic transport wing, SI10 study]

Soistmann, David L.; and Spain, Charles V.: An Experimental and Analytical Study of a
Lifting Body Wind-Tunnel Model Exhibiting Body Freedom Flutter. AIAA Paper 1993-
1316, 34th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materi-
als Conference, La Jolla, CA, Apr. 19-22, 1993. [pedestal-mounted, full-span generic
NASP model]

Spain, Charles V.; Soistmann, David L.; Parker, Ellen C.; Gibbons, Michael D.; Gilbert,
Michael G.: An Overview of Selected NASP Aeroelastic Studies at the NASA Langley Re-
search Center. AIAA Paper 1990-5218, AIAA Second International Aerospace Planes
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Conference, Orlando, FL, Oct. 29-31, 1990. [parametric flutter studies of delta wings, ar-
row wing flutter, all-movable-wing flutter, and aileron buzz]

Yates, E. Carson, Jr.; Land, Norman S.; and Foughner, Jerome T., Jr.. Measured and
Calculated Subsonic and Transonic Flutter Characteristics of a 45° Sweptback Wing
Planform in Air and in Freon-12 in the Langley Transonic Dynamics Tunnel. NASA TN
D-1616, Mar. 1963. [results from early research studies in TDT, Tests No. 2, 3, and 6]

Yates, E. C., Jr.; Wynne, E. C.; and Farmer, M. G.: Effects of Angle of Attack on Tran-
sonic Flutter of a Supercritical Wing. Journal of Aircraft, Vol. 20, No. 10, Oct. 1983, pp.
841-847. (Originally, AIAA Paper 1982-0647, Measured and Calculated Effects of An-
gle of Attack on the Transonic Flutter of a Supercritical Wing, 23rd
AIAA/ASME/ASCE/AHS Structures, Structural Dynamics, and Materials Conference,
New Orleans, LA, May 10-12, 1982. (Also available as NASA TM-83276, Mar. 1981.)
[smooth surface wings, subsonic transport planform (same as TF-8A Supercritical Wing
(SCW) demonstrator), expands experimental data base of AIAA Paper 1976-1560, and
NASA TM X-72837, citation 22 above.]

3.7 Aerodynamics, Experiment and Theory

3.7.1
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3.7.2

Surveys/Overviews
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New Orleans, May 10-12, 1982. (Also available as NASA TM-81-83297, Mar. 1982.)
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Hess, R. W.; Cazier, F. W., Jr.; and Wynne, E. C.: Steady and Unsteady Transonic Pres-
sure Measurements on a Clipped Delta Wing for Pitching and Control-Surface Oscilla-
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Sep. 3, 1965. [mostly non-TDT research but does highlight three-blade hingeless-rotor
models tested therein]
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VA, Apr. 7-10, 2003. [descriptions of ARES and WRATS, active twist rotor, soft-
inplane tiltrotor]
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