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SUMMARY

A wind-tunnel investigation was conducted to study the low-speed, high-angle-of-
attack stability characteristics of a three-surface fighter concept based on the
F-15 configuration. Static-force data were measured over angle-of-attack and side-
slip ranges of 0° to 85° and -10° to I0°, respectively. A forced-oscillation tech-
nique was used to obtain dynamic derivatives at angles of attack from 0° to 60°.
The tests were conducted for several canard deflections and with the canards removed
to investigate the effects of the close-coupled canard on the high-angle-of-attack
stability characteristics of the configuration. The results show that the canard

adversely affected both static directional and lateral stability at high angles of
attack to the point of making the basic configuration susceptible to yaw divergence
in the region of maximum lift. A fuselage strake was developed which significantly
improved static lateral-directional stability characteristics at high angles of
attack while also increasing the maximum lift of the configuration. The strakes
also enhanced pitch damping at high angles of attack; on the other hand, the strake
degraded roll and yaw damping in the region of maximum lift.

INTRODUCTION

The potential performance benefits offered by the application of the close-
coupled canard concept to maneuvering aircraft are well known and documented (refs. I
to 5, for example). Over the past few years, there has been increasing interest in
utilizing this technology in the next generation of combat aircraft. One particular
application that has received attention involves integrating the canard with a wing
and horizontal tail to form a three-surface arrangement. The potential performance
advantages offered by such a configuration include reduced trimmed drag, lower struc-
tural weight, direct lift, and higher maximum lift coefficient. (See refs. 4 and 5.)
Because very little data existed concerning the high-angle-of-attack (above 20°)
characteristics of close-coupled canard designs, a broad research program was initi-
ated several years ago at the NASA Langley Research Center to provide information on
the high-angle-of-attack stability and control characteristics of this class of con-
figurations. One configuration under study was designed by the McDonnell Aircraft
Company and was derived from the basic F-15 design by attaching canard surfaces to a
fairing assembly extending from the engine inlets. Static and dynamic wind-tunnel
tests have been conducted on this configuration, and this report presents the results
obtained.

SYMBOLS

The static longitudinal forces and moments are referred to the wind-axis system.
All forced-oscillation and static lateral-directional data are referred to the body-
axis system shown in figure I. All data are referenced to a center-of-gravity posi-
tion of 25.65 percent mean aerodynamic chord.

In order to facilitate international usage of data presented, dimensional quan-
tities are presented both in the International System of Units (SI) and in U.S.
Customary Units. Measurements and calculations were made in U.S. Customary Units.
Conversion factors for the two systems may be found in reference 6.



b wing span, m (ft)

mean aerodynamic chord, m (ft)

CA axial-force coefficient, FA/q S

CD drag coefficient, FD/q S

CL lift coefficient, FL/q S

CI rolling-moment coefficient, Mx/q Sb

Cm pitching-moment coefficient, My/q_S_

CN normal-force coefficient, FN/q S

Cn yawing-moment coefficient, Mz/qSb

Cy side-force coefficient, Fy/q S

f frequency of oscillation, Hz

FA axial force, N (ib)

FD drag force, N (ib)

FL lift force, N (ib)

FN normal force, N (ib)

Fy side force, N (ib)

IX moment of inertia about X body axis, kg-m2 (slug-ft2)

Iz moment of inertia about Z body axis, kg-m2 (slug-ft2)

k reduced-frequency parameter, _ or 2-_

Mx rolling moment, m-N (ft-lb)

My pitching moment, m-N (ft-lb)

MZ yawing moment, m-N (ft-lb)

p roll rate, rad/sec

q pitch rate, rad/sec

q_ dynamic pressure, Pa (ib/ft2)

r yaw rate, rad/sec

S wing area, m2 (ft2)



u,v,w components of resultant velocity V along X, Y, and Z body axes,
respectively, m/sec (ft/sec)

V free-stream velocity, m/sec (ft/sec)

X,Y,Z body reference axes (fig. 1)

angle of attack, deg

rate of change of angle of attack, rad/sec

angle of sideslip, deg

rate of change of angle of sideslip, rad/sec

6c canard deflection angle, positive for trailing edge down, deg

_h horizontal-tail deflection angle, deg

8 angle of pitch, deg

angle of roll, deg

angle of yaw, deg

angular frequency, 2_f, rad/sec

Derivatives:
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MODEL AND TESTS

A three-view sketch of the model used in the tests is shown in figure 2, and a
photograph of the model mounted in the wind tunnel is shown in figure 3. The model
was obtained by modifying an existing 0.10-scale model of the F-15 airplane. The
primary modifications were the incorporation of close-coupled canards and fuselage
fairing, or "shelves," on which the canards were mounted. The canard leading-edge
sweep was 50°, and the ratio of canard to wing area was 0.10. The inlet cowls were
fixed at 11° leading edge down. Other geometriccharacteristics of the model are
presented in table I.

The static-force tests were conducted at the Langley Research Center in a low-
speed wind tunnel with a 12-foot octagonal test section. The tests were made with
the setup shown in figure 4. The model was sting mounted on a six-component,
internally mounted strain-gage balance. The engine inlets and exits were open to
allow flow through the model for the tests which were conducted at a tunnel speed
of 17.7 m/sec (58 ft/sec), corresponding to a Reynolds number of 0.59 x 106 based
on the wing mean aerodynamic chord. Data were obtained through angle-of-attack and
angle-of-sideslip ranges of 0° to 85 ° and -10° to 10 °, respectively.

Dynamic forced-oscillation tests were conducted in the Langley 30- by 60-Foot
Tunnel with the setups shown in figure 5. The model was sting mounted on the same
six-component internal strain-gage balance used for the static-force tests. Detailed

descriptions of the forced-oscillation equipment and associated data-reduction system
are contained in reference 7. The tests were conducted at a tunnel speed of 28 m/sec
(91.7 ft/sec), corresponding to a Reynolds number of 0.92 x 106 based on the wing
mean aerodynamic chord. Data were obtained through an angle-of-attack range of 0°
to 60°. The pitch-oscillation tests were conducted at an amplitude of ±5° for
reduced frequencies of 0.043 and 0.021, while the roll and yaw tests were conducted
at the same amplitude for reduced frequencies of 0.15, 0.11, and 0.07. Some roll and
yaw data were also obtained at an amplitude of ±I0°.

The static-force tests were conducted with the canard incidence varying from
-60° to 18°. The forced-oscillation tests were conducted with the canard incidence
varying from 0° to -25°. Limited component buildup data were also obtained.



RESULTS AND DISCUSSION

Static Characteristics

Baseline configuration.- The neutral-controls longitudinal aerodynamic charac-
teristics of the model with and without the canards are presented in figure 6. The
data show that adding the canards to the configuration increased the lift-curve slope
and the maximum lift attained. However, maximum lift occurred at a lower angle of
attack with the canards on than with them off (27° versus 34°).

The canard-off pitching-moment data exhibit essentially neutral stability at
low angles of attack followed by an increase in stability at the higher angles of
attack. As expected, addition of the canards causes the configuration to be stati-
cally unstable at the low to moderate angles of attack (Static margin = -0.08).
Above _ = 27°, however, the pitching-moment data exhibit a sharp stable break caused
by a combination of canard stall and flow separation on the fuselage shelf inboard of
the canards. The effect of sideslip on pitching moment is shown in figure 7. The
data indicate no significant effect.

The effect of canard incidence on the longitudinal characteristics is shown in
figure 8. In the low to moderate angle-of-attack range, the data show the expected
effects of canard deflection on lift and pitching moment. Unloading the canard
delays occurrence of maximum lift to higher angles of attack and reduces the magni-
tude of the stable pitching-moment break above stall. Deflecting the canard up to
-24° increases the value of maximum lift in the higher angle-of-attack range.

The static lateral-directional stability characteristics of the model with neu-
tral controls with and without the canards are presented in figure 9 in terms of the

Cy,derivatives C I_' and Cn_ The data were obtained by sloping the force and

moment data over a sideslip range of +5° • The canard-off data show that directional
stability reduces steadily above 5° angle of attack such that unstable characteris-
tics are exhibited above _ = 22°. As expected, addition of the canard reduces
stability in the low to moderate angle-of-attack range. However, the data show that
this degradation in stability persists to beyond _ = 40°, resulting in highly
unstable values of C for angles of attack above about 25° . This characteristic

n_

is detrimental to high-angle-of-attack flying qualities and departure/spin
resistance.

The lateral stability data show that the canard-off configuration exhibits a
high level of lateral stability throughout the angle-of-attack range. Addition of
the canard results in minor effects on C except in the 25° to 40° angle-of-attack
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range, where the canard configuration exhibits a sharp loss in lateral stability.
This characteristic is examined further in figure 10, which shows the variation of

Cy, Cn, and C I with sideslip at angles of attack of 25°, 30°, and 35°. At
= 25°, the data show linear and stable variations of C I with _ for both

canard-on and canard-off configurations. However, at _ = 30°, the canard-on config-
uration exhibits highly nonlinear characteristics with a very abrupt unstable varia-
tion in rolling moment over a small sideslip range near _ = 0°. On the other hand,



with the canard removed, the characteristics are stable and fairly linear. At

= 35°, both configurations exhibit stable characteristics, although the canard-on

data still show a significant degree of nonlinearity and lower stability. At first,

it was thought that this instability was caused by an unfavorable interaction between

the forebody-generated vortices and the canard-wing flow field. To test this hypoth-
esis, the pointed, slender nose of the configuration was replaced by a short blunt

nose, as illustrated in figure 11. As indicated by the data shown, this drastic mod-

ification did not significantly alter the loss in lateral stability. These results
suggest that the forebody flow is not a significant factor in causing the instability.

Flow-visualization tests using surface tufts were subsequently conducted in an
attempt to further understand the flow mechanisms involved. Figure 12 shows two

photographs taken during this study at _ = 30° and _ = 0° and -5 °. The photo-

graphs reveal that the loss in static lateral stability is caused by the interaction
of the canard with the outboard region of the fuselage, which for convenience, will

be referred to as the shelf. At _ = 0°, the tuft patterns indicate essentially
symmetric flow conditions over the entire upper surface of the configuration. At

= -5°, however, massive separation occurs on the windward shelf, particularly in
the region just aft of the canard. On the other hand, the flow over the leeward

shelf appears to be significantly less separated. The resulting asymmetric lift

distribution causes a rolling-moment increment into the sideslip which is destabiliz-

ing. This loss in lateral stability combined with the highly unstable directional-

stability characteristics makes the configuration highly susceptible to yaw diver-

gence, as shown by the data presented in figure 13. Plotted are the variations of

the parameter C with and without the canards. Negative values of C
n_,dyn n_,dyn

indicate susceptibility to directional divergence. The configuration without the

canards exhibits positive values of this parameter throughout the angle-of-attack

range, indicating good resistance to departure. Addition of the canards results in
a sharp drop in C such that negative values occur in the 27° to 35° angle-of-

n_,dyn

attack range. These results indicate that the configuration has high susceptibility
to yaw divergence. In an attempt to correct this problem, a number of configuration
modifications were studied. The results are discussed in the next section.

The effect of canard incidence on the static lateral-directional stability char-

acteristics is summarized in figure 14. The results show no large effect on direc-

tional stability. However, deflecting the canard trailing edge up significantly

improves lateral stability in the region around _ = 30° . Tuft-flow visualization
indicates that unloading the canard significantly improves the flow over the shelf

region inboard and aft of the canard, particularly under sideslip. The data of fig-
ure 14 show that a canard deflection of -36 ° eliminates the instability problem.

Thus, a potential method for enhancing lateral stability in the region of maximum
lift is to schedule the canard deflection such that by _ = 30°, it is deflected to

at least -30 °. A drawback of this approach could be the loss in trimmed lift result-

ing from excessively large trailing-edge-up canard deflections; however, in this
instance only a minor loss in trimmed lift was measured.

Modified configuration.- In an attempt to find alternative solutions to the

lateral-stability problem, various wing fences, wing leading-edge devices, nose
strakes, and fuselage strakes were tested. Some of these modifications improved

lateral stability but were very detrimental to lift. The only modification that .

enhanced both stability and lift characteristics was a comparatively large pair of
fuselage strakes mounted adjacent to the canopy at a radial location of 37.5 ° above
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the maximum half-breadth of the forebody. (See fig. 15.) Additional work would be

required to minimize the size and to optimize the shape of the strakes before placing
them on a full-scale airplane.

The effects of these strakes on static-longitudinal characteristics are shown in
figure 16. The lift data show that the strakes have essentially no effect up to
= 27°, which is where maximum lift occurs on the basic configuration. In the 27°

to 35° angle-of-attack region, addition of the strakes results in a small increase in
lift, suggesting that the strakes are delaying flow separation on the fuselage shelf.
This effect is also indicated by the pitching-moment data, which show that the strong

stable break (high values of negative Cm ) above _ = 27° exhibited by the basic

airplane is significantly reduced with the strakes added.

The effects of the fuselage strakes on static lateral-directional stability are
shown in figure 17. In the 15° to 25° angle-of-attack range, the strakes degrade
directional stability, whereas in the 30° to 40° range, they provide a significant

improvement in stability. Examination of the Cy_ data suggests that this enhance-

is a result of favorable flow interaction with the vertical tails such
ment of Cn_
that their effectiveness is maintained to higher angles of attack. The lateral sta-
bility results show that in the 27° to 37° angle-of-attack range, the strakes provide
a dramatic improvement in C such that the instability is eliminated. The tuft
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photographs in figure 18 verify that the cause of this increase in stability is the
reattachment of the flow over the windward fuselage shelf under sideslip conditions.

Figure 19 shows the effect of the strakes on the variation of Cy, Cn, and CI with
sideslip at angles of attack of 25°, 30° , and 35° . At _ = 25°, the data show that
the strakes cause a reduction in directional stability without significantly affect-

ing lateral stability. On the other hand, at _ = 30°, the strakes have no effect on
directional stability while providing a dramatic improvement in lateral stability.
The strakes provide a fairly linear, highly stable variation of rolling moment with
sideslip. At _ = 35°, the data show that the strakes improve both directional and
lateral stability. Furthermore, these results are in agreement with those obtained
in the Langley 16-Foot Transonic Tunnel for Mach numbers up to 0.90 (cf. ref. 8).

The beneficial effect of the fuselage strakes on departure resistance is summa-
rized in figure 20, which shows the variation of C with angle of attack with

n_,dyn

Cn_ aroundand without the strakes. As expected, the improvements in and CI_

= 30° provided by the strakes result in a large increase in the values of Cn_,dyn

such that the parameter remains positive throughout the angle-of-attack range, indi-
cating that the configuration should be resistant to yaw divergence.

_amping Characteristics

Pitch.- The results of the pitch forced-oscillation tests of the basic configu-
ration with neutral controls are summarized in figure 21. The results show that the
configuration exhibits stable pitch damping up to _ = 20° followed by a sharp loss
in damping such that unstable characteristics are encountered above _ = 25°. The



effects of deflecting the canard or removing it are shown in figure 22. Comparison
of the canard-on and canard-off data indicates that at lower angles of attack, the
canard enhances damping, as expected, since the canard adds planform area to the
configuration. However, at the higher angles of attack, above about 25°, the canard
is detrimental to damping. This characteristic is believed to be due to two effects.
First, the canard itself produces a destabilizing increment because above stall,
the canard is operating in a region of negative lift-curve slope. Second, as
discussed earlier, the presence of the canard adversely affects the flow over the
fuselage shelf, causing premature separation and lift loss. As expected, both of
these adverse effects can be alleviated by unloading the canard. As shown in fig-
ure 22, deflecting the canard to -25° significantly reduces the loss in pitch damping
in the 25° to 35° angle-of-attack region.

As discussed earlier, addition of the fuselage strakes enhanced lateral stabil-
ity by improving the flow over the fuselage shelf. Based on the above discussion,
it would be expected, therefore, that the strakes would also be beneficial to pitch
damping in the 25° to 35° angle-of-attack range. Figure 23 bears this out by compar-
ing data measured with and without the strakes. The effect of combining the benefi-
cial effects of the strakes and unloading the canard to -25° is shown in figure 24.
The data show that this configuration exhibits damped characteristics throughout the
angle-of-attack range shown except at _ = 45°, where the damping is essentially
neutral.

The contribution of the horizontal tail to pitch damping is shown in figure 25.
The data indicate that up to 30°, the tail has only a small effect on damping, while

at the higher angles of attack above 30°, the tail contributes significantly to damp-
ing. Unloading the tail to -25° further enhances this effect.

Roll.- The effects of oscillation frequency and amplitude on the roll-
oscillation derivatives measured with neutral controls are presented in figures 26
and 27, respectively. The data show that the configuration has stable roll-damping
characteristics beyond maximum lift up to _ = 35°, above which there is an abrupt
decrease in damping to very low values. The results also indicate that there are no
significant effects of oscillation frequency or amplitude.

The canard contributions to the roll-damping characteristics are shown in fig-
ure 28. The data indicate that the canard effects on the damping are relatively
small throughout the angle-of-attack range. The effects of deflecting the canard are
shown in figure 29. As would be expected based on the canard-off results, varying
canard incidence does not significantly change the roll-damping characteristics of
the configuration. These results suggest that the wing dominates these characteris-
tics and indicate that the coupling between the canard and wing flow fields at high
angles of attack is not strong.

The effect of adding the fuselage strakes is shown in figure 30. Consistent
with the static stability results discussed earlier, the data indicate no significant
effect up to _ = 25° . Above _ = 25°, the strakes add a significant negative incre-
ment to the cross derivative C + C sin _. This is an undesirable characteristic

np n_
in that it will degrade Dutch roll stability. The roll-damping data show that the
strakes degrade roll damping in the 27° to 37° range and enhance damping in the
37° to 47° range. This effect is exactly opposite to the effect on static lateral
stability; as discussed earlier, the strakes dramatically enhance C in the16
= 27° to 37° range while slightly reducing stability in the _ = 37° to 47°



range. The combination of high static lateral stability, low-roll damping, and
adverse yaw due to roll rate would be expected to make the configuration with the
fuselage strakes susceptible to undamped lateral-directional oscillations or, "wing
rock," in the 30° angle-of-attack range. Figure 31 shows that, as expected, vary-
ing canard incidence does not significantly alter the roll-damping characteristics
of this configuration.

As shown in figure 32, the vertical tails do not significantly affect roll damp-
ing throughout the angle-of-attack range of the tests.

Yaw.- Yaw forced-oscillation results for the basic configuration with neutral
controls are shown in figure 33. The data indicate that the configuration exhibits
stable yaw-damping characteristics throughout the test angle-of-attack range. The
contribution of the vertical tails to these characteristics is shown in figure 34.
The tails provide most of the damping up to _ = 25°. The minimum damping exhibited
by the basic configuration at _ = 30° is due to the loss in vertical-tail effec-
tiveness in the 30° to 37° range. In the _ = 38° to 45° range, the tails again
provide a significant stabilizing increment to yaw damping. Further insight into the
mechanism causing this effect can be gained by examining the data shown in figure 35
for the configuration with and without the canards. The large increase in yaw damp-
ing in the _ = 38° to 45° range disappears if the canards are removed. This result
suggests a favorable flow interaction between the canards and the vertical tails
which reestablishes the effectiveness of the latter surfaces in providing damping in
this high-angle-of-attack region. Data at other angle-of-attack conditions indicate
no significant effect of the canards on yaw damping. Figure 36 shows the effect of
deflecting the canards to -25°. The data indicate that the primary effect is to
delay the initial loss in vertical-tail effectiveness and hence damping by 5° in
angle of attack, from 30° to 35°. The subsequent recovery of vertical-tail effec-
tiveness is also delayed by the same increment in angle of attack.

The effect of the fuselage strakes on yaw-damping characteristics is shown in
figure 37. The data show that addition of the strakes enhances damping in the
15° to 30° angle-of-attack range. However, above 30°, the effect is detrimental and
results in unstable yaw-damping characteristics with the canard at zero incidence.
Comparison with the strake-off data suggests that addition of the strakes eliminates
the favorable contribution of the vertical tail in the _ = 40° region, as discussed
earlier. The unfavorable influence of the fuselage strakes can be minimized by
deflecting the canard to -25°.

The results of this and other studies (see ref. 9) on three-surface configura-
tions illustrate the strong configuration dependence of these designs. As a result,
it is felt that the results presented in this report are applicable to the test con-
figuration only; generalization of these results to other three-surface concepts
should be approached with caution.

CONCLUSIONS

The results of a wind-tunnel study of the static and dynamic characteristics
of a three-surface fighter concept based on the F-15 airplane can be summarized as
follows:

I. Compared with the canard-off configuration, addition of the close-coupled
canard increases the maximum lift attained while reducing the angle of attack at
which maximum lift occurs.

9



2. The lift produced by the canard in front of the center of gravity causes the
configuration to be statically unstable in pitch at the low to moderate angles of
attack; however, a desirable strong stable break occurs at maximum lift as a result
of canard and fuselage shelf stall.

3. The canard adversely affects both static directional and lateral stability at
high angles of attack. Of particular concern are the sharp reduction in the effec-
tive dihedral parameter to unstable values in the 30° angle-of-attack region and the
resultant high susceptibility of the configuration to yaw divergence. This loss in
stability is a result of the canard causing massive flow separation over the windward
fuselage shelf under sideslip. Deflecting the canard trailing edge up alleviates
this adverse effect.

4. Addition of fuselage strakes mounted just below the canopy significantly
improves static lateral-directional stability in the 25° to 40° angle-of-attack
range. A small increase in lift also results.

5. The canard enhances pitch damping at the low to moderate angles of attack.
However, once the canard stalls, the effect on pitch damping is highly adverse.

6. The fuselage strakes increase pitch damping in the 25° to 35° angle-of-attack
range by favorably interacting with the flow over the fuselage shelf at these
conditions.

7. The basic configuration exhibits good roll-damping characteristics up to
angles of attack beyond maximum lift. The canard does not have a strong effect
on these characteristics. The fuselage strakes also do not significantly affect roll
damping except in the 30° to 35° angle-of-attack range, where they reduce the damping
significantly. The strakes also cause a large negative increment in the roll-damping
cross derivative C + C sin _ in this angle-of-attack range. The combination of

np n_
low roll damping and adverse yaw due to roll would be expected to make the configura-
tion prone to wing rock in the maximum-lift region.

8. The basic configuration exhibits good yaw-damping characteristics throughout
the test angle-of-attack range. The canard does not strongly affect these character-
istics except in the 38° to 45° angle-of-attack range, where it significantly
enhances yaw damping by increasing vertical-tail effectiveness. The fuselage strakes
increase damping up to angles of attack of 30° and degrade damping at the higher
angles of attack.

Langley Research Center
National Aeronautics and Space Administration
Hampton, VA 23665
January 12, 1983
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Overall fuselage length, m (ft) ......................................... 1.91 (6.25)

Moments of inertia:

Ix kg-m 2 (slug-ft2) 0 (' ................................................. 369 0.272)
IZ kg-m2 (slug-ft2) 2 (, ................................................. 602 1.919)

Wing:

Span• m (ft) .......................................................... 1.31 (428)
Area, m2 (ft2):

Theoretical ......... i iiiii!iii!iiii!iiii!i!iiiiiiiiiiiiiiiiiiiill 0.566 (6.09)

Reference ...........[ [ 0.565 (6.08)
Mean aerodynamic chord• 0.486 (1.59)
Aspect ratio ................. 3.01

Taper ratio .................. !!!iii!i 0.25Sweepback of leading edge, dog .... .. 45
Dihedral• dog .................................................................. -I
Incidence• dog ................................................................. 0

Ailerons:

Span (percent b/2) . ... 25.3
Area (each), m2 (ft2i _[_[_[_[_[_[__[[[_[_'0_0_2410.133)

Flaps:

Type ............................................................... Single slotted
Area (each), m 2 (ft2) ................................................ 0.017 (0.18)

Canards:

Span, m (ft) _.i_i.[[[[.[.[[.[[[[[[[[[[ ....................... 0.187 (0.613)Area (each)............................ 0.028 (0.300)
Mean aerodynamic chord, m (ft) ................................... 0.167 (0.549)
Aspect ratio .............................................................. 3.007
Taper ratio ................................................................. 0.25

edge dog .......................................... 50Sweepback of leading , .....

Dihedral, dog .................................................................. 20
Hinge-line location percent chord• "'''''''oooeoeeoee'oeo'°''''''QOQ''''.......O 25

Horizontal tails:

AspectAreaSpan'm(ft)(each),ratiom2..............................(ft2) ....iiiii!iiiiiiiiiiiliiiiiiiiiiiiiiiiiiiii ililii'239 (!"783)0.056...... 0.60)2.05

Taper ratio ............. ....... 0.34
Sweepback of leading edge

Dihedral, dog ................ [ ......[[[ 400
Hinge-line location percent chor_• ........................................... 60.9

Vertical tails:

Span, m (ft) ........................................................ 0.315 (I.032)
Area (each), m2 (ft2) .............................................. 0.0582 (0.626)
Taper ratio "''''--- ----" --- "'--'---.-.------..------.--.................. 0.266
Sweepback of leading'edge,'deg'.............................................. 36.57

Rudders (each):

Area, m2 (ft2) .................................................... 0.00948 (0.102)
Hinge-line location percent chord' .......................................... 71.75
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Figure 2.- Three-view sketch of model. Dimensions are given in
meters (feet) unless otherwise indicated.
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L-80-1815

Figure 3.-Photograph of model mounted for static-force tests.



Yaw axisI

Figure 4.- Schematic diagram of model mounted for static-force tests.
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(a) Pitching setup.

Figure 5.- Schematic diagrams of model mounted for oscillatory-force tests.
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(b) Rolling setup.

Figure 5.- Continued.



(c) Yawing setup.

Figure 5.- Concluded.
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(a) Moderate deflections.

Figure 8.- Effect of canard deflection on static longitudinal characteristics.
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Figure 8.- Concluded.
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Figure 9.- Effect of canards on static lateral-directional characteristics.
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Figure 10.- Effect of canards on static lateral-directional
characteristics with sideslip angle. 6 = 0°.
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Figure 10.- Continued.
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Figure 10.- Concluded.
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Figure 11.- Influence of nose shape on static lateral stability.
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Figure 12.- Surface flow visualization at a = 30°.
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Figure 13.- Effect of canards on variation of C with angle of attack.
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(a) Moderate deflections.

Figure 14.- Effect of canard deflection on static lateral-directional
characteristics.
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(b) Large deflections,

Figure 14.- Concluded.
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Figure 15.- Side view and cross section of fuselage strake. Dimensions are given in
meters (feet) unless otherwise indicated.
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Figure 16.- Effect of fuselage strakes on longitudinal characteristics. 6 = 0°.c
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Figure 17.- Effect of fuselage strakes on lateral-directional characteristics.
6 = 0°.
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Figure 18.- Effect of strake on surface flow visualization at a = 30°, ~ -5°.
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Figure 21.- Effect of frequency
on dynamic pitching derivatives.

= 0°; Ae = ±5°; 6c = 0°.
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Figure 22.- Effect of canards on dynamic pitching

derivatives. _ = 0°; A8 = +5°; k = 0.043.
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Figure 23.- Effect of fuselage strakes on dynamic pitching
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43



20 6c, deg Fuselagestrakes
) 0 -25 Off

[] 0 Onlo
0 -25 On

+ ?CNqcNi -lo _ qt A_,
-20 r

!X, /

-50

6
t_

,__ \
CAq+% 2 / /I \1 ..,_

-q

5

-,o \{-15
-10 0 10 20 30 qO 50 60 70

_, deg

Figure 24.- Effect of canard deflection and fuselage strakes on

dynamicpitchingderivatives, k = 0.043; 6h = 0°; A8 = +5°.
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Figure 26.- Effect of frequency on dynamic rolling derivatives. A@ = ±5°; 6c = 0°.

46



Amplitude,deg

q 0 +5
I

Cyp + Cy_ sina ]_ k _--_ [] + 10

-q --7

.8

+ sin a .q [ _'_ _

Cnp Cnl_ f__f_)'%

o.o

_.. _ _
-1.2

-I0 0 I0 20 30 qO 50 60 70
C[,deg

Figure 27.- Effect of amplitude on dynamic rolling derivatives, k = 0.15;

6c = 0°; 6h = 00.
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Figure 28.- Effect of canards on dynamic rolling derivatives. A_ = +5°; 6h = 0°;
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Figure 29.- Effect of canard deflection on dynamic rolling derivatives. &@= _5°;
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Figure 30.- Effect of fuselagestrakeson dynamicrollingderivatives. Ae = ±5°;

6c = 0°; k = 0.15; 6h = 0°
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Figure 31.- Effect of canard deflections on dynamic rolling derivatives for the
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Figure 32.- Effect of vertical tails on dynamic rolling derivatives. A_ = +5°;
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Figure 33.- Effect of frequency on dynamic yawing derivatives.
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k = 0.11; A@ = +5°; 6h = 0°.

54



2

CYr - Cy_ cosa

o-2 _--_
Canards

o.o 0 On
_.. _..=_,, [] Off

Cnr - Cngcosa
-,8

-I .2 /

-1.6

1.6 It

1...8 ,_ q_-
C[r- C_._cosa ...,,_" \_'k.

o ,%_,
-.U z

-10 0 10 20 30 qO 50 60 70
CI, deg
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Figure 36.- Effect of canard deflection on dynamic yawing derivatives, k = 0.11;
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