At A ¥

NASA Technical Memorandum 86436

I

o .“"* -

-

SELECTED TOPICS IN EXPERIMENTAL AEROELASTICITY
AT THE NASA LANGLEY RESEARCH CENTER

e,

(NASA-’I‘B-BN&E?) SELECTED ICEBICS 1IN NES-303¢4
EXPERIMENIAL AEBOELASIICIIY A1 IBE NASA

LANGLEY EESEARCE CENTEER (N2S2) 15 p 20K el

C AQO2/MF A01 CSCL nclas

¥ / G3/39 21719

RODNEY H. RICKETTS

,‘?,‘
o
.,
-
<
{
!
T
i
2
4,
iz

APRIL 1985

NNASA

National Aeronautics and
Space Admirustration

Langley Research Center
Hampton, Virginia 23665




5 -

o a — i i <2 st

R AN SRR SN

L4

SELECTED TOPICS IN EXPERIMENTAL AEROELASTICITY
AT THE NASA LANGLEY RESEARCH CENTER

Rodney H.

Ricketts”

National Aeronautics and Space Administration

Washington,

ABSTRACT

The National Aeronautics and Space Ad-
ministration (NASA) conducts research in
aeroelasticity to develop new technologies
for aerospace-vehicle applications, to
study innovative configuration changes for
improved flight performance, and to develop
new methods of testing for aeroelastic in-
stabilities. This paper presents the re-
sults of selected studies that have been
conducted by the NASA langley Research Cen-
ter in the last three years. The topics
presented focus primarily on the ever-
important transonic flight regime and in-
clude the following: body-freedom flutter
of a forward-swept-wing configuration with
and without relaxed static stability; in-
stabilities associated with a new ti1lt-
rotor vehicle; effects of winglets, super-
critical airfoils, and spanwise curvature
on wing flutter; wind-tunnel investigation
of a "flutter-like" oscillation on a high-
aspect-ratio flight research wing; results
of wind-tunnel demonstration of the NASA
decoupler pylon concept for passive sup-
pression of wing/store flutter; and, new
flutter testing methods which include test-
ing at cryogenic temperatures for full
scale Reynolds number simulation, subcrit-
ical response techniques for predicting on-
set of flutter, and a two-degree-of-freedom
mount system for testing side-wall-mounted
models.,

I. INTRODUCTION

The National Aeronautics and Srace Ad-
ministration (NASA) conducts research in
aeroelasticity to develop new technologies
for aerospace-vehicle applications, to
study innovative configuration changes for
improved flight performance, and to develop
new methods of testing for aeroelastic re-
aponse. A group of about 30 researchers at
the Langle, Nesearch Center is engaged in
the experimental and analytical studies to
understani, predict, and control various
aeroelastic phenomena. Some of the areas
of work are shown in Fig. 1. These areas
include studies of advanced configurations,
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concepts to control response, flutter
clearance of prototype aircraft, and mean-
urement and prediction of unsteady aerody-
namic forces., Because the most critical
flight region for aeroelasticity occurs at
transonic Mach numbers, the work is focused
on that speed range. The accomplishments
of recent studies sponsored by the Langley
Research Center and plans for future re-
search are contained in Ref., 1-3,

This paper presents the results of some
celected studies in experimental aeroelast-
icity conducted since the previnus inter-
national aeroe}asticity symposium at which
the highlights of two decades of studies
were presented. This paper discusses the
two transonic wind tunnels that were used
in these studies, some new technigues used
to facilitate testing, and the aeroelastic
characteristics of some advanced configur-
ations tested. Results from companion
studies in unsteady aerodynamics are pre-
sented 1n Ref. S and will not be described
herein.

II. FACILITIES

Most of the experimental studies in
aeroelasticity performed at Langley Re-
search Center are conducted in the Tran-
sonic Dynamics Tunnel, However, with the
recent interest in high Reynolds number
testing using cryogenics, some tests have
been conducted in the 0,3-m Transonic Cryo-
genic Tunnel., These two facilities are
described here.

Transonic Dynamics Tunnel

The Transonic Dynamics Tunnel {(TDT) is a
closed-circuit, continous-flow, single-
return wind tunnel that utilizes either air
or Freon-12**(dichlorodifluoromethane) as a
test medium, An aerial view of the TDT and
the attached engineering and equipment
building is shown in Fig. 2. Character-
istics and special features of the wind
tunnel are listed in Table 1 and described
here and in more detail in Ref. 4. The TDT
test section is 4.9 m (16 ft) square with
cropped corners. The Mach number ranges

*
Program Manaqer, Material and Structures Division, Office of Aeronautics and Space
Technol~gy; on detail from Loads and Aeroelasticity Division, NASA Langley Research

Center.

**Reqistered trademark of E.I. du Pont de Nemours & Co., Inc.
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from zero to about 1.2, and the total
(stagnation) pressure ranges from abaut
Zero to one atmosphere. The maximum Reyn-
olds number obtainable is about three mil-
lion per meter (nine million per foofk). A
computerized data acquisition system is
incorporated to measure model responses
and, in some cases, to control the mod e 1
inpits. By-pass valves are present in the
wind=tunnel circuit to decrease quickly the
dynamic pressure in the test section in the
event of a model Iinstability. The tunnel
fan blades are protected from debris o
damaged models hy a wire-mesh safety
screen. In addition to typical sidewall

Figure 2., Transonic Dynamics Tunnel (TDT).
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Flgure 1. Some elements of NASA aeroelasticity program.

and sting mount systems for models, a spec-
ial two-cable mount system is available for
"flying" full-span models. The system pro-
vides five d=grees of freedom with movement
in the drag direction only being re-
strained. Finally, gust vanes ecan be
mounted upstream of the test section on the
sidewalls and oscillated s inusonidally to
provide a qust environment for the models,

The TDT currently is undergoing an up-
grade that includes two major items,
First, the limiting test density capability
1S being increased by fif Ly percent in the
transonic region as shown in Fig. 3. This

Tunnel characteristics
e Test section 4A9mx4Gmile' x16")
* Mach range Oto .2
e Test medium Air er Freon-12
o Total pressure 0,01 to 1.0 atmos
e Reynolds no. (maxi - 3 x 100/ m(107/f

Special testing features
® Computerized data acquisition system
® "0 - stopper ' for flutter testing
e tunnel - fan safety screen
® suspension systems for " free-flying " models
* Gust generator

Table 1, Characteristics and features
of TDT.
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is being accomplished by increasing the
motor power by fifty percent to 22.4 mega-
watts (30,000 hp). A new power distri-
bution system and additional cooling capac-
ity are required for this modification.
Completion and checkout of this upgrade is
scheduled for spring of 1985, Second, the
current data acquisiton system is being re-
placed by a new system which will include
three central processor units (CPU) to im-
prove performance and to increase reliabil-
ity by adding redundancy. The new computer
system i{s scheduled to be fully operational
in 1987.
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Figure 3. Increased performance of TDT.

Transonic Cryogenic Tunnel

he 0, 3-m Transonic Cryogenic Tunnel
(TCT) is a closed-circuit continous-flow
wind tunnel that provides capability for
testing at high Reynolds number by a com-
bination of low temperature and high pres-
sure. Cryogenic temperatures are obtained
by injecting liquid nitrogen (78 “K) into
the tunnel circuit, The stagnation pres-
sure can be varied from about one to six
atmospheres, Mach number can be varied
from zero to 0.9 in a 2-D test section
which is 20 cm by 60 cm., (An interchange-
able 3-D section has a Mach number capabil-
ity of 1.2.) A typical tunnel operating
envelope is shown in Fig. 4 for a Mach num-
ber of 0,85, This envelope indicates the
range of dynamic pressure and Reynolds num-
ber available for testing. The conditions
that define the boundaries are the maximums
and minimums of stagnation temperature Tt
and stagnaion pressure Conventional
tunnels operate along or ﬁear ambient temp-
erature lines, and increases in Reynolds
number are obtained by increases in stag-
nation pressure. However, with the addi-
tion of temperature as a variable, Reynolds
number capability is greatly increased to a
maximum of about 400 million per meter (122
million per foot). Pure aerocelastic stud-
ies can be conducted along lines of con-
stant Reynolds number. Pure Reynolds num-
ber studies can be conducted along lines of
constant dynamic pressure.

. - Po-6alm

Pure heynuids

1o =
number studies

Lynamw 120 1~
pressure
kPa 80 = Pure aeroelastic studies
r
P22 atm
LY W W U TR VS VNN W SO N |

[ U 8 120 160 00 280 280 32 el 400
rReynulus number pet lenyth m

Figure 4. 0.3-m Transonic Cryogenic Tunnel
operating envelope at 0,85 Mach number.

[II., TESTING TECHNIQUES

To study effectively the many facets of
aeroelasticity, it has been necessary to
improve and expand the methods of testing,
Three new or advanced techniques for flut-
ter testing are described here,

Subcritical Response Methods

To reduce the risk of model damage dur-
ing flutter testing, subcritical response
(SR) methods are used to predict an impend-~
ing flutter condition, Data are acquired
and analyzed to determine the stability of
the model at several test conditions. The
results are then extrapolated to determine
the test condition at which the model would
be unstable. Four SR methods were eval-
uated on a cantilevered wing model which
was tested in the TDT. The wing was a
0.25-scale model representative of an ad-
vanced fighter airplane. The study in-
cluded the peak-hold spectrum, cross-
spectrum, power spectral density (PSD), and
randomdec methods illustrated in Fig. 5.

Peak-hold
spectrum

Cross -spectrum

Peak
rms

Frequency Frequency
Power spectral Randomdec
_density
— Af
- 9=
o
PSL +
- af
Frequency

Figure 5, Four subcritical response methods
for predicting flutter onset,
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Each method is briefly described as fol-
lows. For the peak-hold spectrum method,
damping g 1is proportional to the inverse
of amplitude A of the peak root-mean-
square (RMS) value. For the cross-spectrum
method (a new method), damping is propor-
tional to the logarithm of the inverse amp-
litude of the cross-spectrum value. (For
example, this method measures guantita-
tively the coupling between bending and
torsion motions that occur as flutter is
approached.) For the PSD method, damping
is equal to the ratio of the frequency
width f at the half-power point to the
nominal frequency f of the PSD peak.

For the randomdec mefhod, damping is equal
to the logarithmic decrement of an ensemble
averaged time history trace.

Model response from aerodynamic turbu-
lence was measured using bending and tor-
sion gages at the wing root. Results of
the study are presented in Fig. 6 for data
at Mach number 0.82, For this case, all
four SR methods provided flutter-mode damp-
ing tre:is from which a flutter dynamic
pressure could be predicted reliably. This
is seen clearly by comparing each predicted
flutter point with the actual experimental
flutter point (9.00 kPa). Although there
are advantages and disadvantages to each
method, the peak-hold and cross-spectrum
methods appear to be the best suited for
on=-line, near real-time use because they
provide damping trends more easily and
readily than the other two methods. How-
ever, to acquire actual values of damping,
the PSD or randomdec methods must be used.

Peak-hold spectrum Cross-spectrum
8 = 2 - 7
qp 8.96 [ % 8.9
—%—4 p- 1+
0 ' S0 L1
6 8 10 b A 10
5 PSD 4 Randomdec
L =9,2% * Qg =8.92
- [ e
- Subcritical dat
g 1 a O‘ﬁQ M = uen ala
) —~Predicted
qg% %@ flutter . q
| | |\ | P
0 0

b 8 10 b 8 10
Dynamic pressure, kPa

Figure 6, Results from four subcritical
response methods.

New Mount System

Flutter is a complex phenomena that oc-
curs because of the interaction of stiff-
ness, aerodynamic and inertia forces. To
understand the mechanics of flutter of new
configurations, it is often necessary to
separate the interacting parts. This can
be dong using a new sidewall model mount
system that is being developed for the
TDT. In this system, stiffness variables

JIxi
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Figure 7. Pitch and plunge apparatus
(PAPA).

are provided through root flexures, aero-
dy~amic forces are isolated on a "rigid"
wlig model, and mass properties are ob-
tained by using ballast weights. A proto-
type system, called PAPA for Pitch and
Plunge Apparatus, with a wing model at-
tached is shown in Fig. 7. The system pro-
vides fl!exibility in the pitech and plunge
directions through an arrangement (Fig. 8B)
of circular rods and drag strut that at-
taches a splitter plate to the sidewall
turntable. The model is attached to the
splitter plate which acts as a reflection
plane. The system mechanics require the

[ (
| S i
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(a) Looking upstream (windscreen
not shown).

(b) Looking perpendicular to
turntable face.

Figure 8, Horizontal views of PAPA
componets,




splitter plate to move parallel to the side
wall. Pitch stiftness (torsion) and plungeo
stiffness (bending) can be varied by proper
choices of rod size, length and placement ,
The strut is provided to increase the stit-
fness in the Jdrag direction. Main advan-
tages of the PAPA include low friction
damping, high strength, and low stiffness
characteristics.

Some flutter results obtained using PAPA
are shown in Fig. 9. The semispan model
that was tested had a rectangular planform
of aspect ratio three and a NACA 64A010
airfoil shape. These flutter data were
acquired at subsonic Mech numbers for a
large variation in angle of attack. The
results show both classical flutter and
stall flutter bundaries. The stall flutter
occurred at approximately eight degrees and
beyond. Currently, a refined mount system
is being fabricated for use in the TDT.
This design incorporates a large fixed
splitter plate with shrouds that completely
cover the rod supports.

—_—Classical flutter

Dynamic
pressure , 4
kPa

Stall flutter

! | 1 | |
0 2 4 6 8 10 12
Angle of attack , deg

Figure 9. Flutter boundary of wing on PAPA.

Cryogenic Flutter Testing

A model wing was designed and fabricated
of VascomaxT (18 Nj,grade 200 maraging
steel) for testing in the cryogenic wind
tunnel to determine the hest methods for
flutter testing at cryogenic temperatures
and to determine the effect of Reynolds
number on flutter. The wing, shown in Fig.
10, was "rigid" and had a ten percent thick
NACA 64A010 airfoil shape and a panel as-
pect ratio of 1.3. A beam flexure that
provided bending and torsion degrees of
freedom attached the wing root to a canti-
lever mount behind the tunnel wall. Two
procedures for acquiring flutter data were
investigated during the tests. These are

1heu15turud trademark of Teledyne Vasco.
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Results of the wing flutter test are
presented in Fig., 12, The flutter boundary
(Fig. l2a) shows only slight differences in
flutter dynamic pressures at various stag-

nation temperatures T ., Analyses using
kernel function aerodyﬁamics compare favor-
ably with the experimental results.

Through additional analyses, the mass ratio
effect was removed from the flutter data to
isolate the Reynolds number effect (Fig.
12b). These results indicate that the
flutter dynamic pressure was reduced ap-
proximately five percent by increasing the
Reynolds number over the range tested.

100
80
Dynamic
2’9“““* 60 |-[ T,. K Experiment Analysic
Pa 0 o i S,
40 f-| 150 O m————
115 A —
110 O e e
20 (N g P | |
L e e
Mach number (M}
(a) Flutter results,
90
T
.80
Dynamic e
pressure, [~ "M=El.5,Tt=300|<

kPa
70 T M=0.3,Tt=3[IIK

-

e

0 5 10 15 20 x10®
Reynolds number

(b) Reynolds number effects,

Figure 12. Cryogenic flutter results and
Reynolds number effects.

IV. CONFIGURATIONS

Many new and advanced aircraft configur-
ations and concepts are tested in the TDT,
sometimes jointly with the Department of
Defense and industry, to understand more
fully the often complex aeroelastic behav-
ior of the systems. Some of the studies
recently completed are descr‘bed here.

Body-Freedom Flutter

Body-freedom flutter is a phenomenon
that results from the coupling of vehicle
rigid body degrees of freedom with the
flexible degrees of freedom of the vehicle
structure, It has occurred on a modif ied
B=57 in flight (unpublished data) and has
been demonstratfq in wind-tunnel tests of
an oblique wing . Predicted tg,occur on a
forward-swept-wing (FSW) design =, body-
freedom flutter (BFF) was a concern for the
X-29A aircraft. A half-scale model {fgg.
13) of an early FSW design was tested
in the TDT on a cable and rod mount system
that provided the necessary pitch and
plunge degrees of freedom for BFF. Of par-
ticular interest was the relationship of
BFF speed to the static divergence speed of
the wing which was designed to divergence
criteria. In addition, the model was
equipped with a stability augmentation sys-
tem (SAS) that allowed the comparison of
BFF speeds of statically stable and unsta-
ble configurations. A hydraulically actu-
ated canard was ' ied to provide the SAS
forces.

il J&ﬂ'
Are f"

Figure 13. Forward-swept-wing (FSW) model,

Some results of these tests are shown in
Fig. 14, A summary of all the test results
is shown in Fig l4a, A divergence band was
predicted from data that was acquired on
the freely flying model at various angles
of attack and at dynamic pressures far re-
moved from the instability. (These are
some of the reasons that the band is rather
large.) The BFF band represents the accum-
ulation of subcritical response predictions
and "hard" flutter points for both stati-
cally stable and unstable configurations.
Little difference was seen in the BFF re-
sults of these configurations because the
RSS control laws were designed to provide
the same flying qualities as the statically
stable case. The results in Fig. l4a show
that BFF occurred at dynamic pressures ap-
proximately 20 to 40 percent lower than
divergence. Servo-aero-elastic analysis
methods which incorporated doublet-lattice
aerodynamics modified by static aerocelastic
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test data adequately predicted the BFF in-
stability boundary. A typical analysis/ex-
periment correlation (Fig. 14b) shows that ]
the analysis predicted the BFF fairly well, |
except in the transonic region where it was
somewhat unconservative,
12
Divergence
_‘-.-_""N-._‘\
8| Aq=20tod0%
Dynamic i
pressure , BFF
kPa
4
) Figure 15. 0.2-scale tilt-rotor model ., ;|
rated a Freon jet mounted in the wing.
0 Some results of the tests are shown in Fiq.
P SR D (S T I8 16 for the critical wing-beam (out-of-plane
Mach number motion) flutter mode, The data a+ 100 per-
cent rotor speed show that the model with
the pylon unlocked from the wing is only
(a) Summary of all test results. slightly less stahle than the locked (an
downstop) condition. A stiff spar was ef-
fective in increasing the flutter speed of
8 the locked-pylon case but di1d not affect !
[_ the unlr:ckl?d-;\'_.f].ln case, A coning hinge |
hub effectively Increased the flutter speed
of both pylon cases.
Dynamic ,‘
pressure, 6 [
kPa i
—@— Baseline
—(O—New spar (S)
a L —{3—5 + stiff blades (SB) 4
L | | | | —<—=5+ SB + coning hinge hub j
5 6 7 8 9 - {
: L0 110 3
3 }
(b) Analysis/test correlation for RSS case. : \
Kotor 100 ‘
Figure 14. Results of FSW model test. rme ' \
% nominal - 90 - on downstop \
Tilt-Rotor Instabilities so L {locked) . o
The Joint Advanced Vertical Lift (JVX) — ' J
aircraft design has wing=-tip mounted tilt- 10
ing engines driving proprotors that allow ! -
operations in both a low=speed helicopter
mode and a high-speed airplane mode. A Rotor 100 |- xx“'n;j O
0.20-scale aeroelastic semi-span model rpm
(Fig. 15) of the JvX design was tested in % nominal
the TDT to determine wing/rotor stability %0
in the airplane mode and to evaluate var- Off dawnstop (unlocked)
ious design updates and flight parameters. 80
Some of the parameters that were tested g | | | | 1 |
include the following: rotor RPM, wing- 7 8 g L0 L1 L2
spar stiffness, rotor-blade stiffness, ’ S yow de ! .
engine-pylon-to-wing locking (on and off \j“”[m \,”
lownstop), and coning-hinge-hub stiffness. i 5
Flutter conditions were extracted from mea-
sured damplng da;a that were chu?fed using Figure 16. Airplane mode instability |
4 unique excitation system which incorpo- boundaries. -\
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Nlnq-Plun-wln.lvl Flutter

Wind}ulﬁl:%J_gﬁﬁl near-vertical lifting
surfaces attached to the tips of wings and
have been shown to be effective in
increfﬁinq the avrndvnamic_perfnrmancv of
wings ~. However, the additional mass and
aerodynamic forces of the winglet can de-
grade the flutter performance of the wing.
To evaluate the effect on flutter of wing-
lets, several studies were conducted in the

TDT.

Figure 17. Winglet on clean wing.

Clean Wing. A 0.15%4-scale semispan wing
model (Fig. 17) of an u-;k\uu!1'.'u-rr'.1|~._q:\-'rt
jet aircraft was tested The wing had a
leading-edage sweep anale of

aspect ration of 3.7, and a suypercritical

(
297, a panel

airfoil. rhe mode]l was tested with three
wing tip configurations. They include a
normal wing tip, a wing tip with a winalet,
and a wing tip that was ballasted to sim=

ulate the mass and inertia properties of

the winglet. Flutter wqults for the three
configurations were use
aerodynamic and mass effects,

{ to separate the

ter boundaries are presented 1n F19. 18 and
show that the winalet and ballasted-tip

confiqurations wer transonil flutter
speeds than the 1l tip configuration,
At 0.8 Mach ni he flutter speed was

reduced approximately five percent due t
mass alone and seven rent due to the
winglet addition, Therefore, the acro-
dynamic effect caused a reduction of

approximately two percent 1in flutter speed.

\ NI Normal t P
SN ] vinglet effect
7 illasted tig - ;
refl ; \ = | 1€
- e "7 \
2 I Aeradynd
'
=
| 1 l 1 == (S
5 t % ‘ %

Figure 18, Wing
A

flu

let affects on wing-alone

tter speed,
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Wing With Single ,Engine. A 0.10-scale
semispan wing model  of a large twin-
engine transport aircraft also was flutter
tested with and without a winglet., A
picture of the model mounted in the TDT is
shown in Fig. 19. The wing had a quarter=
chord sweep angle of 31 ’, a panel aspect
ratio of 3.5, and an advanced airfoil.
Three wing tip configurations similar to
those tested for the clean wing were
studied, rhey include a nominal one, one
with a winglet, and one ballasted to sim=
ulate winglet mass and inertia character-
istics. Typically, the three configu=-
rations were rested with variations in
winglet cant angle, engine pylon stiffness
and wing fuel loading. Some of the results
of the tests are shown in Fig. 20 for the

Figure 19, Winglet on wing=-with=-engine
onfiguracion,

). Winglet effects on wing=
b

Figure 20. g
with=-engine youndary.

-
i
~

~ase, For this model

empty wing
the addition of the winglet 1 wered the

flurtter boundary in the transonic region.
However, the reduction in Fflutter dynamic
csure (nearly 20 percent near the dip)

ef-

was predominately due to aerodynamic
facts., Other results indicated fhat chang-
ing the cant angle from 20° to 0° had lit-
tle effect on the flutter speed near the
transonic dip but slightly reduced the
speed at lo r subsonic Mach numbers.




Figure 21,

Winglet on wing with
two engines.

hing With Two Enuines. A (.0t-scale
semispan wing model of an advanced large
transport aircraft with four engines also
was tested3. A picture of the model in
the TDT is shown in Fig. 21, Model wing-
tip configurations that were tested include
the following: one with a basic winglet,
one with a lightweight winglet, and one
ballasted with a boom to simulate the wing-
let mass and inertia properties of the
basic winglet. Test results indicate that
the winglet aerodynamics slightly
increased (7 percent) the flutter dynamic
pressure of the ballasted configuration.
Flutter analyses ot the configurations were
conducted for correlation with the experi-
mental results. A typical experiment/
analysis correlation of transonic flutter
data is shown in Fig. 22. The "no flutter"
point is the maximum velocity at which the
model was tested at Mach numbers higher
than 0.8, The analysis, which used
doublet-lattice aerodynamics that was cor-
rected by a scalar (based on experimental
steady state data), agreed well at the
transonic dip but was somewhat conservative
at lower Mach numbers. The flutter mode in
all cases was a coupling of the outer-wing-
bending and wing-torsion modes and was
strongly influenced by the presence of the
winglet.

L2
1.0

Yflutter 8

ref Tes
6 no-flutter
ol '=
| ] | | ] J
i .8 .9 1.0
Macn number

igure 22. Winglet on wing-with-engines
flutter boundary

Airfoil Shape Effects

The supercritical wingl® was designed to
reduce the normal shock effects on litt and
drag at transonic Mach numbers. An experi-
mental study in the TDT showed that a
wing with a supercritical airfoil shape had
lower flutter speeds than a similar wing
with a conventional airfoil shape. 6&inre
those tests, additional studies have been
conducted on models in the TDT.

Wings on PAPA. Two unswept wings wigh a
panel aspect ratio of three were tested
using the PAPA. One had a NACA 64A010
conventional airfoil shape and the other
had a symmetric (uncambered) supercritical
airfoil shape. Both airfoils were ten
percent thick. The resulting flutter
boundaries and flutter freguencies are
presented in Fig. 23, The results are sim-
ilar to those found in Ref. 19 in that the
wing with the supercritical airfoil had a
flutter boundary lower than that of the
conventional wing. At the bottom of the
transonic dip, the flutter dynamic pres-
sure of the supercritical wing was approx-
imately 11 percent lower than that o the
conventional wing. The flutter frecuencies
were almost identical for the two wings,
except at the highest Mach number point
where the supercritical wing frequency was
higher than for the conventional wing.

6
Fluter 5
frequency, LR e
oA o,
H? r
3 -
10
8 S
P o ,.',"
Dynamic = -“‘*ﬁyg;////
essure, 6 L
EPa " Supercritical airfoil
{1 Conventional airfoil
4
0 8 4 b B 1.0
Mach number

Figure 23, Effect of airfoil shape on
flutter of models on PAPA.

Wing With Engines. The effect of air-
foil shape on flutter was investigated20 on
another model in the TDT. This was a
0.083-scale semispan model (Fig. 24) of a
large transport-type wing with two pylon-
mounted engines. The wing had a panel
aspect ratio of four. The mcdel was con-
structed using a wing spar with inter-
changeable airfoil pods attached. The wing
stiffness was isolated in the wing spar;
the wing mass properties were isolated in
the airfoil pods. The two airfoil shapes
included a conventional airfecil and an ad-
vanced supercritical airfoil. The wing was




determine the effect on [lutter of wing
spanwise curvature, a serieg of models as
shown in Fig. 26 was tested” in the TDT,
The models were constructed of aluminum
plate and foam and had values of curvature
(inverse of radius r) ranging from zero to
3.44 per meter (1.05 per foot), The panel
aspect ratio of each wing was 1.5. Results
of the tests and comparative analyses are
shown in Fig. 27 for a typical Mach numbe
of 0.7. The results show that the f)
dynamic pressure increased as the ci*v.cure
increased, This results from the ¢ j@ in
torsion mode shape--that is, as the .urv- ¢
ature increases, the motion in the fore-
and-aft direction becomes dominant, dis-
placing the motion perpendicular “o the
flow. Analytical predictions (Fig. 27)
obtained from using kernel=function and
doublet-lattice aerodynamics bracket the
experimental results with the doublet-
Figure 24. Supercritical airfoil on lattice results !
wing=-with-engines model. than the experimental results,

Ing more conservative

5 — Conventional
airfoil

Dynamic 2

pressure
kPa
i Supercritical
airfoil
l s
0 | —J |
.15 .80 .85 .90
Mach number Figure 26, Spanwise-curved wing models.

Figure 25. Effect of airfoil shape on
flutter of wing with engines.

mounted to a fuselage half body that was C L i Calculated flutter
cantilevered from the sidewall. Results of vynamic
the tests are shown in Fig. 25. Similar to pressure ,
previous tests, the transonic flutter kPa f e
boundary of the supercritical airfoil con-
figuration was lower than that of the con- Kernel funclion
ventional airfoil. The onset of the tran- ¢ — == Doublel lattice
sonic dip occurred at a slightly lower Mach
number for the supercritical airfoil.

Experiment 3

0 | 2 3
Curvature, l/r; m
Curvature Effect on Flutter
Some new missile configurations require
curved lifting surfaces that can be wrapped

around the body for storage and then un- Figure 27, Effect of spanwise curvature on
wrapped for use in flight. 1In order to transonic flutter dynamic pressure,
10
Jr FUL
- - - — g ——,
A ———— e i i 1 & - ESp P s e D o
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DAST Wing Instability
The DAST (Drones for Aerodynamic and

Structural Testing) ptngramfl has been
underway at NASA for a number of years.
In this program research wings were flight
tested on a drone to measure aerodynamic
pressure distributions and aeroelastic per=-
formance, One of the wings being prepared
for flight is an aft-suvgt design with a
leading-edge sweep of 297, a panel aspect

' ratio of 5,1, and a supercritical airfoil
shape. The wing has active controls for
flutter suppression, gust load alleviation,
maneuver load control and stability augmen-

tation. Instrumentation to measure steady
and unsteady aerodynmic loads is also
installed. This wing (Fig. 28) was tested

in the TUT to data for

and

wind=-tunnel
results

acquire

comparison with analytical
future flight test data,.

i e NS b b s —

imaad

Figure 28, Semi-span DAST flignt

research wing.

Results of the tunnel test?? are shown
in Fig. 29. An unexpected flutter insta-
bility in the transonic region was encoun-
tered at nearly constant Mach number (0.9)
: extending from low nressure to nNear
the dynamic pressure limit of the ¢t
The motion was

dynamic
unnel

predominantly wing bending

which varied in frequency from 8.6 Hz
(wind=off wing first bending frequency was
B.3 Hz) at the lowest dynamic pressure t
13 Hz at the highest dynamic pressure, The
predicted flutter frequency using linear
theory is 24 Hz at 0.8 Mach number. Flut=-
ter points were measured in both Freon-12
2 . and air test mediums and h and without

transition strips. Results of all these
test conditions were similar. It 18 spec-

J ulated that the instability is a “shock=-

¢ induced oscillation,” or one driven by
shock motion, Pressure data acquired
during the test are being studied to deter-
mine the location and movement of the shock
during the oscillations, Additional test-
ing of the wing is planned to determine the
effectiveness of the flutter ppression
system to control the instability., Fur=-

S ———- e e e L oama ]
. .
50
Freon Linear theory
n @ Air Flutter
~<{_ boundary
~e
Dynam 0 Pressure data
el Tunnel limit o
pressure fest points
kPa 20
\
L ——ry—
" . M- Measured
10 U ’.\' instability
l M ] 1 0710 boundary
F s
0
50 15 1.0

Mach number

Figure 29, DAST transon.. instability

boundary.

thermore, the increased capability of the
TDT will be used to extend the instability
boundary to higher dynamic pressures toward
the predicted flutter boundary (Fig. 29).

fluttey erformancs {
added pitch inertia of
lower the [t eyuency of
mode . A "decoupler pylon” msruv:_t"--
l’ie‘.'(-l[:-;nl"d to uncouple
store that of the
attaches a store the
simple system of pirned
and Initial
reported at the first
symposium in JY981, Since that time, a
16n24 has been designed an

F-16 airplane both in t

the winyg
the stores tends to
the wing torsion
33" usn
inertia of a

The

the
from

wing. pylor
winyg through a
linkayes, sprinys,
research results were
aeroelasticity

to

s!‘i\‘l-f_‘rf-.

advanced py
the

tested on

wind tunnel (Fig. 30) and in flight [

31). 1In Fig. 32, typical wing-tip acc r=
ometer time histories? are presented for
the two pylon configurations flown at 0,9

Figure 30,

Model with d2coupler pylons.

S e e e —

e
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Mach number, The results show that the
flutter mode present on the airplane with
standard pylons does not occur when decoup=

ler pylrnns are used. In addition to the
flutter tests, operational tests of the
pylon were conducted, Maneuvers up Lo four

g's were performed to demonstrate the cap-
ability of the store alignment mechanism,

and a store was successfully ejected from

the pylon.

Figure 31.

Flight demonstration of
decoupler pylons.

-20 Standard pylon

VYV VAN

Decoupler pylon
M’Wﬁ_
1 second

—

Time

+2q

Figure 32. Wing tip accelerations for
etandard and decoupler pylons.

V. CONCLUCING REMARKS

Some results of recently completed exper-
imental studies in aeroelasticity performed
by NASA Langley Research Center, primarily
at the TDT and sometimes in cooperation
with the Department of Defense and indus-
try, have been presented The studies
included the investigation of the impact
innovat ive aerodynamic and structural
changes on the flutter stability of basic
configurations as well as the stability of
new configurations. 1In addition, new meth-
ods of testing

v f

for aeroelastic phenomena

ORIGINAL .
OF POOR QUALITY

L

were highlighted, NASA will continue
conduct research in aernelasticity through
the coming years to expand the data hase nof
information, to try to understand more
fully the mechanisms involved, and to ex-
ploit aeroelasticity to advance the stale
of the art in aerospace vehicle design.

Lo
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Abstract
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