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RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Department of the Navy

FREE-SPINNING-TUNNEL INVESTIGATION OF A O.034-SCAIE
MODEL OF THE PRODUCTION VERSION OF THE

CHANCE VOUGHT F7U-3 ATRPLANE

TED NO. NACA AD 3103

By Walter J. Klinar and Frederick M. Healy
SUMMARY

An investigation of a 0.03k-scale model of the production version
of the Chance Vought F7U-3 airplane has been conducted in the Langley
20-foot free-spinning tumnel. The inverted and erect spin and recovery
characteristics of the model were determined for the combat loading with
the model in the clean condition and the effect of extending slats was
investigated. A brief investigation of pilot ejection was also performed.

The results indicate that the inverted spin-recovery characteristics
of the airplane will be satisfactory by full rudder reversal. If the
rudders can only be neutralized because of high pedal forces in the
inverted spins, satisfactory recovery will be obtained if the auxiliary
rudders can be moved to neutral or against the spin provided the stick is
held full forward. Optimum control technique for satisfactory recovery
from erect spins will be full rudder reversal in conjunction with aileron
movement to full with the spin (stick right in a right spin). Extension
of the slats will have a slightly adverse effect on recoveries from ¢
inverted spins but will have a favorable effect on recoveries from erect
spins. The results of brief tests indicate that if a pilot is ejected
during a spin while a spin-recovery parachute is extended and fully
inflated, he will probably clear the tail parachute.
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INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the Navy,
a spin investigation has been made in the Langley 20-foot free-spinning
tunnel of a 0.034-scale model of the production version of the Chance
Vought F7U-3 airplane. The production version differs from the prototype
version previously tested in the spin tunnel and reported in reference 1
primarily in that the nose has been shortened, the tailcone has been
extended, the deflection of the ailavators (the surfaces used for lateral
and longitudinal control) has been decreased, and the canopy outline has
been modified.

The primary purpose of the investigation was to investigate various
recovery procedures from inverted spins. The erect spin and recovery
characteristics of the model were also investigated. Tests were conducted
for various settings of the auxiliary rudders with the slats both
retracted and extended. At the request of Chance Vought Aircraft, brief
tests were conducted wherein the pilot was ejected while the model was
spinning with a spin-recovery tail parachute fully opened. The model was
in the combat loading condition for all tests.

SYMBOLS
b wing span, ft
S wing area, sq ft
c mean aerodynamic chord, ft

x/E ratio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

z/¢ ratio of distance between center of gravity and fuselage
reference line to mean aerodynamic chord (positive when
center of gravity is below line)

m mass of alirplane, slugs

Iy, Iy, Iy moments of inertia about X, Y, and Z body axes,
respectively, slug-—ft2

Ix

mb2

- L
inertia yawing-moment parameter
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Iy - Iy . . .

————=  inertia rolling-moment parameter

mb

I - Iy . . . i

5 inertia pitching-moment parameter
mb

o air density, slug/cu £t

B relative density of airplane, Eg;

o angle between fuselage reference line and vertical (approxi—
mately equal to absolute value of angle of attack at plane
of symmetry), deg

¢ angle between span axis and horizontal, deg

A full-scale true rate of descent, ft/sec

Q full-scale angular velocity about spin axis, rps

MODEL AND TEST CONDITIONS

The 0.034-scale model was furnished by the Bureau of Aeronautics
and was prepared for testing by the ILangley Aeronautical Laboratory of
the National Advisory Committee for Aeronautics. A drawing of the model
as tested is shown in figure 1. The dimensional characteristics of the
airplane are presented in table I.

Longitudinal and lateral control of the airplane and model is obtained
from deflection of one set of control surfaces called ailavators. Herein-
after, ailavator deflections for longitudinal and lateral control will be
referred to, for simplicity, as elevator deflection and aileron deflection,
respectively. ’

A remote-control mechanism was installed in the model to actuate the
controls for the recovery attempts. Sufficient torque was exerted on the
controls to reverse them fully and rapidly. The auxiliary rudders were
generally fixed at neutral or at their maximm deflections with or against
the spin for the model tests, although for a few tests they were actuated
by the remote-control mechanism. On the airplane the auxiliary rudders
are operated automatically to provide artificial damping in yaw and
vawing moment due to sideslip. They may also be operated manually for
directional trimming.
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The model was ballasted to obtain dynamic similarity to the airplane
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). Mass character-
istics and mass parameters for the loadings possible on the airplane and
for the combat loading condition tested on the model are presented in
table II.

Inverted and erect spin and recovery tests were performed with the
slats retracted and extended. For all tests the landing gear and speed
brakes were retracted.

The normal maximum control deflections used in the tests (measured
perpendicular to the hinge lines) were:

Main rudders, deg - « « « o o + &« = « o « « . . 28.3 right, 28.3 left
Auxiliary rudders, deg . - « o + « o o » - . . 21.8 right, 21.8 left
Elevator, Geg - « « o = o o « o « o o o « o o & 32.4% up, 11 down
Bilerons, GEE - -« « « « o o o o o o s o o 0 4 s 16.5 up, 16.5 down

A diagram of stick-against-ailavator position is shown in figure 2.

An appendix is included which presents a general description of the
model testing technique, the precision with which model test results and
mass characteristics are determined, variations of model mass character-
istices occuring during tests, and a general comparison between model
and airplane results.

RESULTS AND DISCUSSION

The results of the investigation are presented in charts 1 through 10.
Inasmich as the results of spins to the right and left were similar, the
data are arbitrarily presented in terms of spins to the pilot's right. For
all tests, the model was in the clean condition unless otherwise noted and
in the normal combat loading (model loading 1 in table II).

Inverted Spins

The results of the inverted spin and recovery tests are presented in
charts 1 through 4. For inverted spins, controls crossed for the estab-
lished spin (right rudder pedal forward and stick to the left of the pilot
for a spin to the pilot's right) is presented to the right of the chart and
stick back is presented at the bottom. When the controls are crossed in
the established spin and the rudder is set to maintain the spin, the lat-
eral controls aid the rolling motion; when the controls are together and
the rudder is set to maintain the spin, the lateral controls oppose the
rolling motion. The angle ¢ and the elevator position in the chart
are given as up or dowvn relative to the ground.
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Slats retracted.- The results of the inverted spin tests with the
model in the clean condition and the auxiliary rudders set to with,

or against the spin are shown in charts 1, 2, and 3, respec-
These results are tabulated below:

Hature of spin

Usually oscillatory in roll,
pitch, and yaw

Aileron setting most favorable
for recovery

Full with the spin (stick left
in an inverted spin to pilot’s

right)

Longitudinal stick position
most favorable for recoveries
by rudder reversal

Full forward

Auxiliary rudder setting
most favorable for recovery

Full against the spin

Combination of laterzl and
Jongitudinal controls most
adverse for recovery by
rudder reversal

Stick full back and ailerons
full against (stick right in
an inverted spin to pilot's

right)

Recovery by full rudder
reversal

Satisfactory, even when auxil-
iary rudders are maintained
full with the spin. Stick
should be maintained full
forwerd

Recovery by rudder neutrali-
zation

Unsatisfactory when auxiliary
rudders are maintained full
with spin. Satisfactory when
auxiliary rudders are neutral
or against the spin; stick
should be maintained full
forward

Recovery by movement of auxil-
iary rudders from full with
to full against the spin

Unsatisfactory

Recovery by movement of ailer-
ons to full with the spin

With auxiliary rudders set full
with the spin - unsatisfactory

With auxiliary rudders set at
neutral - marginal; provided
the stick is pulled to and
maintained full back. Other-
wise, unsatisfactory

With auxiliary rudders set full
against the spin - satisfac-
tory provided the stick is
pulled to neutral or full back

When the model recovers by use
of ailerons with the spin, a
spiral or aileron roll results




- -
e L ]
[YX R L]

6 CONEEN b, NACA RM SL55G15

The test data indicate that the best manipulation of the controls
for recovery from the inverted spin, regardless of the position of the
auxiliary rudder, should be as follows: full reversal of the rudder
with the stick maintained laterally at neutral and longitudinally full
forward. As the airplane begins to recover the stick should be pulled
back to regain normal flight. If the rudder can only be neutralized
for recovery because of high rudder pedal forces, the auxiliary rudders
should in some manner be positioned at neutral or against the spin and
the recovery procedure should be as previously indicated, that is:
stick should be maintained full forward and laterally neutral after
rudder neutralization until the airplane begins to recover, at this
point the stick should be pulled back to regain normal flight. Use of
ailerons alone as a recovery measure does not appear desirable because
of the limited conditions for which model results indicated satisfac-
tory recoveries and also because the spiral or roll that results after
spin recovery may not be distinguishable from the spin by the pilot.

Slats extended.- Results of the inverted spin tests with the slats
extended and auxiliary rudders at neutral are presented in chart 4.
Comparison of these results with those presented in chart 2 indicates
that extending the slats had little effect except for a slightly adverse
effect on recoveries attempted by rudder neutralization.

Erect Spins

Slats retracted.- Results of the erect spins with slats retracted

are presented in charts 5 through 7. The test results are tabulated
as follows:




WACA RM SIS55G15

Nature of spin

Generally oscillatory in roll,
pitch, and yaw when spins were
obtained. Model would not
spin with ailerons with the
spin, even when auxiliary rud-
ders were maintained full with
the spin. Proneness to spin
with ailerons at neutral was
decreased as auxiliary rudder
settings were relaxed from
full with the spin settings.

Aileron setting most favorable
for recovery

Full with the spin (stick right
in an erect spin to pilot's
right).

Longitudinal stick position
most favorable for recovery

Generally little effect of
longitudinal stick position on
turns for recovery. Model was
somevhat less inclined to spin
with stick back than with
stick forward.

Auxiliary rudder setting most
favorable for recovery

Model indicated greater reluc-
tance to spin as auxiliary
rudder setting was relaxed
from its full with the spin
setting and deflected to
against the spin.

Control settings most adverse
for recovery

Greatest proneness to spin was
obtained with ailerons full
against the spin.

Recovery by full rudder
reversal

Unsagtisfactory for all auxil-~
iary rudder settings

Recovery by simultaneous full
reversal or neutralization of
both main and auxiliary rud-
ders from initial full-with-
the-spin settings

Unsatisfactory

Recovery by movement of ailer-
ons tc full with the spin

Satisfactory for all auxiliary
rudder settings
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The test data indicate that movement of ailerons to full with the
spin is essential for recovery from erect spins. The best position of
the auxiliary rudders for recovery is full against the spin, and the
optimum control technique which should be utilized for recovery regard-
less of auxiliary rudder position is as follows: full rudder reversal
in conjunction with movement of ailerons to full with the spin. During
the recovery procedure the stick should be held full back to aid the
pilot in recognizing recovery inasmuch as model test data indicated
that a dive or a short glide followed by a roll generally existed for
this stick position when the ailerons were moved to with the spin for
recovery. As the airplane begins to recover the stick should be moved
forward to regain normal flight. Premature forward movement of the
stick may result in a rapid aileron roll which should be terminated
quickly, however, by neutralization of the ailerons.

Slats extended.~ Model test results with slats extended are pre-

sented in charts 8 through 10. Comparison of these data with those
presented in charts 5 through 7 indicates that extending the slats had
a somewhat favorable effect in that the model was less inclined to
spin with slats extended than with slats retracted.

Landing Condition

The landing condition was not investigated on this model inasmuch
as current Navy specifications do not require airplanes to be spin-
demonstrated in the landing condition. Analysis of full-scale and model
tests on numerous designs to determine the effect of landing gear
(ref. 2) indicates that extension at the landing gear should have little
appreciable effect on recoveries from spins.

Recommended Recovery Technique

Based on the results obtained with the model, the following recovery
technique is recommended for the airplane in the clean condition and the
combat loading.

For recovery from inverted spins, the rudders should be reversed
briskly, and the stick should be neutralized laterally and pushed to its
full forward position longitudinally. As the airplane begins to recover
the stick should be pulled back to regain normal flight. In the event

that physical limitations permit only neutralization of the rudder because

of excessive rudder pedal forces, the auxiliary rudders must be moved in
some manner to neutral or against the spin and the manipulation of the
stick during the recovery procedure should be as indicated above.
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For recovery from erect spins, the ailerons should be moved to full
with the spin (stick full right en a right spin) simultaneously with
rudder reversal to full against the spin. The stick should be held full
back in order to aid the pilot in recognizing recovery. As the airplane
begins to recover, the stick should be moved forward to regain normal
flight.

Pilot Ejection

Brief tests were conducted in the spin tumnel simulating ejection
of a pilot from the cockpit during spins. The objective of these tests
was to investigate whether an ejected pilot would clear the rigging and
canopy of an open spin-recovery parachute if the parachute failed to
make the'airplane recover from a spin. The model pilot was ballasted
and was ejected with sufficient force to follow a trajectory representing
that of an ejected pilot. The parachute used corresponded to a full-size
parachute 24 feet in diameter (laid out flat) with a combined towline and
shroudline length of 70 feet and was attached to the extreme rear of the
fuselage. This corresponds to the full-scale spin-recovery parachute
installation. The parachute canopy was made sufficiently porous so that
it did not effect recovery from erect or inverted spins and a wire hoop
was placed in the canopy hem to maintain the canopy diameter at approxi-
mately 24 feet (full scale) while the model was spinning in the tunnel.
The results of the brief tests indicated that a pilot ejected during a
spin should clear an open tail parachute in any attitude, with the pos-
sible exception of an extremely flat and slowly rotating erect spin.

For this airplane configuration, however, it is very unlikely that this
combination is likely to occur. Reference 3 discusses methods by which
the approximate path of a pilot jumping from a spinning airplane rela-
tive to the spinning airplane can be calculated.

CONCLUSIONS

Based on the results of tests of a 0.034k-scale model of the produc-
tion version of the Chance Vought F7U-3 airplane, the following conclu-
sions regarding the spin and recovery characteristics of the airplane in
the combat loading condition at an altitude of 15,000 feet are made:

1. In the clean condition the inverted spins will be oscillatory
in roll, pitch, and yaw. The spin-recovery characteristics of the air-
plane from inverted spins will be satisfactory provided the following
technique is used: brisk rudder reversal with the stick maintained at
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neutral laterally and full forward longitudinally. As the airplane
begins to recover the stick should be moved back to regain normal flight.
If the rudders cannot bte fully reversed because of high pedal forces and
if the auxiliary rudders can be positioned at neutral or against the
spin, neutralization of the main rudders and manipulation of the stick
as indicated above should lead to satisfactory recoveries.

2. Erect spins may be difficult to obtain and the spins that are
obtained will be oscillatory in roll, pitch, and yaw. Recovery will be
satisfactory by movement of the ailerons to full with the spin (stick
right in a right spin) accompanied by simultaneous full rudder reversal.
The stick should be held full back until the airplane begins to recover
and it should then be moved forward to regain normal flight. Recoveries
by rudder reversal alone will be unsatisfactory.

5. Extending the slats will have a slightly adverse effect on
recoveries from inverted spins, but will have a favorable effect on
recoveries from erect spins.

. The most favorable position of the auxiliary rudders for recovery
will be full against the spin.

5. In the event that it becomes necessary for the pilot to eject

during a spin while a tail parachute is attached to the airplane, the
pilot will probably be thrown clear of the parachute.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., July 6, 1955.
Walter ;. Klinar

Aeronautical Research Scientist

Frederick M. Healy
Aeronautical Research Scientist

Approved: .

Thomas A. Harris
Chief of Stability Research Division

Sam
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: APPENDIX
s TESTING TECHNIQUES AND PRECISION

Model Testing Technique

The operation of the lLangley 20-foot free-spimning tunnel is gen-
erally similar to that described in reference 4 for the Langley 15-foot
free-spinning tunnel except that the model-launching technique is dif-
ferent. With the controls set in the desired position, a model is
launched by hand with rotation into the vertically rising air stream.
After a number of turns in the established spin, a recovery attempt is
made by moving one or more controls by means of a remote-control
mechanism. After recovery, the model dives into a safety net. The
tests are photographed with a motion-picture camera. The spin data
obtained from these tesits are then converted to corresponding full-scale
values by methods described in reference k.

Spin-tunmnel tests. are usually performed to determine the spin and
recovery characteristics of a model for the normal spinning-control
configuration (elevator full up, lateral controls neutral, and rudder
full with the spin) and for various other lateral control and elevator
combinations including neutral and maximum settings of the surfaces.
Recovery is generally attempted by rapid full reversal of the rudder,
by rapid full reversal of both rudder and elevator, or by rapid full
reversal of the rudder simultaneously with moving ailerons to full with
the spin. The particular control manipulation required for recovery is
generally dependent on the mass and dimensional characteristics of the
model (refs. 5 and 6). Tests are also performed to evaluate the possi-
ble adverse effects on recovery of small deviations from the normal con-
trol configuration for spinning. For these tests, the elevator is set
at either full up or two-thirds of its full-up deflection and the lateral
controls are set at one-third of full deflection in the direction con-
ducive to slover recoveries, which may be either against the spin (stick
left in a right spin) or with the spin depending primarily on the mass
characteristics of the particular model. Recovery is attempted by
rapidly reversing the rudder from full with the spin to only two-thirds
against the spin, by simultaneous rudder reversal to two-thirds against
the spin, and movement of the elevator to either neutral or two-thirds
down, or by simultaneous rudder reversal to two-thirds against the spin
and stick movement to two-thirds with the spin. This control configu-
ration and manipulation is referred to as the "criterion spin," with
the particular control settings and manipulation used being dependent
on the mass and dimensional characteristics of the model.

N4
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Turns for recovery are measured from the time the controls are moved
to the time the spin rotation ceases. Recovery characteristics of a
model are generally considered satisfactory if recovery attempted from
the criterion spin in any of the mamners previously described is accom-

plished within 2% turns. This value has been selected on the basis of

full-scale-airplane spin-recovery data that are available for comparison
with corresponding model test results.

For spins in which a model has a rate of descent in excess of that
which can readily be obtained in the tunnel, the rate of descent is
recorded as greater than the velocity at the time the model hit the
safety net; for example, >300 feet per second, full scale. In such
tests, the recoveries are attempted before the model reaches its final
steeper attitude and while it is still descending in the tunnel. Such
results are considered conservative; that is, recoveries are generally
not as fast as when the model is in the final steeper attitude. For
recovery attempts in which a model strikes the safety net while it is
still in a spin, the recovery is recorded as greater than the number of
turns from the time the controls were moved to the time the model struck
the net, as >3. A >3-turn recovery, however, does not necessarily indi-
cate an improvement over a >7-turn recovery. When a model recovers
without control movement (rudder held with the spin), the results are
recorded as "no spin.” When the turns required for recovery are in
excess of 10, the result is recorded as .

Precision

Results determined in free-spinning-tunnel tests are believed to be
true values given by models within the following limits:

Ay 8F « v v v 4t i e e e e e e e e e e e e e e e e e e e e e . H
R T
V, percent . . . . . . . .. e e e e e e e e e e e e e e e e e . 5
L 1= o <« O
Turns for recovery obtained from motion-picture records . . . . . i%
Turns for recovery obtained visually . . . . . . . . . . « « « . . i%

The preceding limits may be exceeded for certain spins in which it
is difficult to control the model in the tunnel because of the high rate
of descent or btecause of the wandering or oscillatory nature of the spin.

The accuracy of measuring the weight and mass distribution of
models is believed to be within the following limits:

SOy
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Weight, percent . . . . . . . . « ¢ v ¢ v v v« 0 v v v 0 .. +1
Center-of-gravity location, percent € . . . . . ¢ . « . . « + . . +1
Moments of inertia, percent . . . . . .« . . ¢ ¢ v 4 v e e . e . 5

Controls are set with an accuracy of *1°.

Variations in Model Mass Characteristics

Because it is impracticable to ballast models exactly and because
of inadvertent damage to models during tests, the measured weight and
mass distribution of the F7U-3 model varied from the true scaled-down
values within the following limits:

Weight, percent . . . . . . . . . .
Center-of -gravity location, percent
Moments of inertia:

e e e e e . 0 to 2 high
0 to 1 rearward

o .

Iy, pereent . . . . . . . .. ... ... ... .. 2highto9 high
Iy, percent . . . . . . . . . « « <+« . <. . .. 1high to 6 high
Iz, percent . . . . . . . ... .. ... .. ... 3highto9 high

Comparison Between Model and Airplane Results

Comparison between model and full-scale results in reference 7
indicated that model tests accurately predicted full-scale recovery
characteristics approximately 90 percent of the time and that for the
remaining 10 percent of the time, the model results were of value in
predicting some of the details of the full-scale spins, such as motions
in the developed spin and proper recovery techniques. The airplanes
generally spun at an angle of attack closer to 45° than did the corre-
sponding models. The comparison presented in reference T also indi-
cated that generally the airplane spun with the imner wing tilted more
downward and with a greater altitude loss per revolution than did the
corresponding model, although the higher rate of descent was found to
be generally associated with the smaller angle of attack regardless of
vhether it was for the model or the airplane.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE CHANCE VOUGHT

F7U-3 ATRPLANE AS SIMULATED BY THE 0.034-SCALE MODEL

Overall length, £t . . . . . . . « ¢ . o ¢ o ¢ o v v o 0.

Wing:
Span, £ . . . . ¢ ¢ 4 i e e e e e e e e e e e e e e e e
Area, s £t . . . ¢ ¢ v i e i i e e e e e e e e e e e e e
Aspect ratio . ., . e e e e e e e e e e e e e e e e e
Root chord (basic vlng) 1+ Y
Tip chord (basic wing), in. . . .« . « v v ¢ « ¢« ¢ 4 o o . .
€, in. . . e .. ... e e e e e s
Leading edge € rearward leadlng edge root chord in. « ..
Incidence, G8Z . . « + ¢ v ¢ ¢ « o 4 o = e e e e e e e ..
Dihedral, deg . . . e e e e e e e e e e e e e

Sweepback of quarter- chord llne, deg . . . v e h e e e e e

Ailavator:
Span, percent b/2 . . . . . . . .o e e e ..

Vertical tail:
Maximum height above fuselage reference line, ft . . . . . .

4z 21

39.72
535.3
2.9%
194.15
115.88
16k .22
86.51

35

51.2

8.70
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TABILE IT.- MASS CHARACTERISTICS AND INERTTA PARAMETERS FOR THE LOADINGS OF THE CHANCE

VOUGHT F7U-3 AIRPLANE AND FOR LOADING TESTED ON THE 0.034-SCALE MODEL

ﬁWodel values are given as corresponding full-scale values; moments
) of inertie are given atout the center of gravity

Yoments of inertia

Center-of-gravity Relative density
location u (slug-reotd) Mass paramoters
w?ig};t 5
No. Loading b x/< z/S Sea 15,000 T 1 I Ix - Iy Iy - Iy Iy - Ix
X Y 2 =
leveol Toot ) o2 )
Airplane values
Normal fighter, _ - . _ -l . -y ~b
1 conbat, pear up 23,892 0.118 0.01h 1h.68 23.32 25,611 ho,ho1 | 70,536 20k x 10 180 x 10 38 x 20
2 | Normel fighter, 27,060] 0.133 | -0.02h | 16.61 26,41 28,76 | 51,001 | 75,ih1 | -168 ~182 350
takeoff, gear up
3 | Normal Iighter, 27,060 0.120 | -0.003 | 26.61 26,152 29,408 | 51,5k | 75,020 |-167 -177 3hh
takeoff, gear down
Y | Normal fighter, 21,120| o.127 o.00l | 12.97 20,62 25,968 | le,7L7 | 67,030 |-201 -196 397
landing, gear down
Takeoff with two 2,C00-1b A .
5 bombs on center section 32,286 0,121 0,030 19.84 31.53 3k, 61l 33,811 | 80,340 (-121 -168 289
pylons and fuselage rocket -
pack, gear down
Takeoff with two sparrows on
centor goction pylons and ; .
6 two sparrows on outor panol| 31,657 0,139 0,008 19.0: 30,90 h3,252 37,399 | 9,732 -9l -238 332
pylons, gear down
7 Clean condition, gear up 2,770 0.123 -0,012 15,21 2h.17 26,669 51,468 | 72,818 | -20k -176 380
Clean condition plug conter
section pylons and emnty N _ - .
8 fuselago gock“ pack, 25,356 0.123 ~-0,008 15.56 2h.7h 27,034 51,686 | 73,151 198 173 371
goar up
Cloan condition plus center
9 o o Y aokat Mot 20,935 0.2y | -0.002 | 15.92 | 25.31 | 27,208 | s1,972 | 73,265 |-295 -168 363
goeor up
Model values
1 | Normal fightor, 2l,295| ©0.123 | o.on9 | 1483 | 2338 | 26,907 | s1,3c0 | 74,406 | -206 x 2078|295 x 207h| ho1 x 107
corbat, gear up N

91
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CHART 1l.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE SLATS

RETRACTED AND THE AUXILIARY RUDDERS WITH THE SPIN

ﬁ\dodel loading 1 in table II; recovery attempted by control movement as
indicated (recovery attempted from, and steady-spin data presented
for, rudder-full-with spin); spins to pilot's r:.ght]

8pin data Recovory data
R.h 8.h b, AL Lo T v
wu| Wl 7 9 | Ly 61 298 y
B R B el 5| 230 R s 2 R @ 1 R - 2
220 | 0.4 £33 | 0.0 269 |ows 2630430 By [0 27 By | o3 8 Raf” 20 >3
b Ry hz.”:& By mux | 2k,
38 | ap 3 ny
Royater 50 150 awx | >N >6 2 pid
A 4 P - A | o
a3
o g 5 Fleyator
g3 o Zup
o5 K]
g7 83
e e o »
i
o o
4 b a,b,0 0,9 ’q? { T
LG | 160 5U 6 16y k L 2
5 R 6 >8 R | »2, »2 R ’
90 | 2 ontrols ctogothar ﬁz ke Controla srossod ?‘1‘ 10 > ! ﬁ lﬁ
)
ggg b36 {Stick right} %Izg baz (5tlek lort) glzgg 0,31 320 A oo Ry oo Ry ;.22, »3
aux | >3, >3
4
~4
s
eﬂ
E
:V‘I ; 5
a &
©f q >
£] Haam
13 b
T T
¥ B i B AR R e L T LY T
) bl Dy
230]0.33 2L6[o.3k 254 poho >361 -1 2

8wo conditions possidlo,

bossillatore apin, range of valuos prosontel,
ONo-spin condition aldo obtatned,

4Jandoring spin,

OYory atoop apin.

TRocovory attorpted froa flattor spin.
ERocovery attorpted fron atooper spin,.

Badel ontored a roll to Filotia 1oft following recoverys

nscovered in an afloron rell,

Sattor rusdor neuvralizatlon rodel tekss two mers turna (as
indicatod) and pitohes oroot, ¥odel then pitchos invorted

again and continuoa turning.
yieual ostirata,

1pogovertes oppoar to bo eritionlly doponient upon attaining

the raxirum aflercn throw,

a
(dog) (dg::)

v n
(fpa) | (rpo)

Fodol valuos

v
D

eonyorted Lo

corrosponding

full-scalo vuuu.
inner wing up
innor wing down

Rooovery attorptod byt

Ruddor roversal froa fu

R with to full sgainat npin
Ruddor doflestion from full
“x with apin to noutral
R, | Rudior revgrsal frem full
2 with to ¢ ngalnat opin
Auxiliary rudder rovorul
Awx frem full with to full
agninot apin
& | Alloron roveront to full
with apin

* o b
ate 00 B¢
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CHART 2.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE

SLATS RETRACTED AND THE AUXILIARY RUDDERS NEUTRAL

IModel loading 1 in tatle II; recovery attempted by control movement as
indicated (recovery attempted from, and steady-spin data presented

for, rudder-full-with spins); spins to pilot's righ‘t]

Ry 1, T2

Spin data Rooovery data
F - 8,6 o
7| 120 0 | 2ou 22 LGH P ° 2 d A
5] 220 5D b3 | W LA 2 RA 2
22028 28 pess 269 [ 0.3d>320 |l 2 Ml B
A i 1, >8 R >, >k
gl=
0
als
o™
ol M
sld
53
HH
7|
° 0
a,b o a R ]}- ’51-‘
5| o | contrors b I oo
l?e 2hD toporror 37] sp Controla crosaed 2} F F R X 1
13 Stick left 20 2
i 0] It K521 ¢ ! Ho[se1y L NIEES
Ay oo
§., Ap >h, 26
o -
o948 ay| »3. 8
aa
M
o 9
53 HE
a° 5 3
a
b} Alen
a L
0 N
B an | (N T ) T
Ryl > >
283l0.32 2611039 2i Jo.us Yo lspn Ll i — B vhy ok
!
8630421atory apin, rango of valuos or avorago valuos presented.
buandoring spin.
®Two conditions posoiblo,
dntored an afleron roll. (d:) (d? )
®¥odol enterod o roll to pilotts loft following rocovory. 8 L
fRocovored fn an aldoron rotl. v a
E¢isunl entirate. {spe) | (vpo)
ocoverv critionl for this afloron throw, Aileren mover:

ont
#lightly in excoss of & with the spin roquired for satisfactory Y°d°l valuon
frooovory. 3 onvorted to
corru;onalna
full~scale valuos,
U innor wing up
D inner wing down

Recovery attompted by:

R |Ruddor roversml fron fu
with to ful) apainst ngln
Y Rudder doflootion tro:a full
1 1th apin to noutra:
R RuMor doflootien x‘ro: Tuld
2 | with to & with optn
A |Atdoron moverent to full
with epin
Ay [Aflorcn roverent to noutral
Alleron roversat to
*2 with spin
A Afloron roveront to
3 with spin

g1

CTHGCTS W VOVN
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CHART 3.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE SLATS
RETRACTED AND THE AUXTLIARY RUDDERS AGAINST THE SPIN
[Model loading 1 in table II; recovery attempted by control movement as
indicated (recovery attempted from , and steady-spin data presented
for, rudder-full-with spins); spins to pilot's right]
3pin data Rocovery data
fheo R b
T T,
i B B Ll e S I
- Ry [£ 3 F 2
28| 039 o 321 0 N E
P
El £
s
HE
a2
T, °
o N R 3¢ 1
/| 2 oo
k2| 27p Sonroln Controls srorana R g B
N v
Ztloun R s321 {suisk 2o xofsezn e Tj'ﬁ >4 NER
42 2 i
g LE][ 22, 120
9% ME >ep
i}
& :5" .
£
0,8 4
ol e R |3k 55 NENIE )
ko 1} ’
2414, 323 Ho|sp By 25 M2
269 4 I T 1, T,
8nipping and wandoring spin.
Ploespin condition alaa cbaerved.
®pagtllatory apin, range of valuos prosonted.
dintored an alleros roll, (gor) (‘&”)
®dandoring apin, T - Rovovery attorpted byt
“Rocovered in a roll to tho pilotla loft, (rgu) {rpa) Ruddor roversal from full
€visual ostirato, R |"with to full againat apin
ooovered in a short dive followod by an alleron roll, Fodol valuos R Ruddar doflootion fron full
Reogv;rod :n an ajloron roll followed by an oroct eonv::tg: to 1 with opin Yo noutral
urn, copp
£liding . “},‘,};’,’?S’,’w"“““" R M‘l&;gnn:lgv:;g:e to full

D l1nner wing down

Ay |Afloron moversnt to noutral

Atloren cavoront to & with
tho opin 3

[

E [Eleovator movement to full up

CTHCEIS WY VOV
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20 GONERDEN NACA RM SL55GL5

.o CHART L4.- TWVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE

SLATS EXTEZNDED AND AUXILIARY RUDDERS NEUTRAL

(X X1
[ ]
;0008 [Model loading 1 in table II, recovery attempted by rudder neutraliza-
Voo tion except as indicated (recovery attempted from, and steady-spin
:": data presented for, rudder-full-with spins); spins to pilot's right]
’
b d b,h
21 9D 1f 15U
7| 26D !i? 8p
28), 269 pp.
pred 59[0+26 zgh
c 1 c 1 e € £ < c
2 2 1 i 1
3 13 3 3
s,z z,i
2 2
A
al~
=) k-4
BE
iz
SR
~| o
“~
&
Of X
»lo
Ldbad
3 Bt
@|n
|~
&
a,b a2 1
L3] 3D 2| oy
57| 15D, ﬁk 0
238 0.27}H Controls together 261] 5 g Controls crossed _
269177 (Stick right) 291| 7= (Stick left)
>8, >8 >z%, > Iyl O SPIN
g,e g,¢
22
g
[*]
vA
(e B
EE
a3
2 ES
[ 1G]
93
izl
g2
a =
37 129
55 8D
2h6[0.3¢
oo NO SPIN
£ 5
>k, >9 n s
(deg) | (deg)
Model values v aQ
80scillatory spin, range of values presented. converted to (rps1 | trps?
bblandering spin. correspnndingl
CEntered a roll in direction of aileron ﬁuli;‘:ﬁlgx;: ':;s' Tucns for
setting following recovery. D inner wing down recovery

dSpin has both oscillatory and steady phases.
SRecovered in a dive.

fa'ttered a steep spin.

fRecovery atterpted by full rudder reversal.
Mirgpping apin.

igntered a right aileron roll.




CHART 5.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE SLATS

RETRACTED AND THE AUXILIARY RUDDERS WITH THE SPIN

[Model loading 1 in table II; recovery attempted vy control movement as
indicated (recovery attempted from, and steady-spin data presented
for, rudder-full-with spins); spins to pilot's rightj

GTHEATS W VOVN

b Srin data KRecovery data
"
3| 30u g2 | 2| kol 209 L g B Ry hy b, B
1‘3 % el s g B Ry [ 2% 3% Rz |72, "3b, Ttb R A 7
Ry (S bo) Iy By b, x,
H2lo.20 24 |o.al| 2 o. Lu;; i é z Ak, ke J‘ﬂ
e uxs &- 1k A 4Tt
g4 NEERE
Eg’ K] 4
T, bR 3
1 o 5 -]
0| 21 A= &lo
Flovator, | 52 ] 32 EE R o E:l‘é
a R h o}
Sup 3 Jouxe Bl sxy 2 " 3 <
Hi R. Elavator
g4a sla A o e wee—
FIE 2 [ 3P
a8 § § g amtd >3, >3%‘
g4 b & I
EE e K A ek 2
=
< < N
B2 P aud I
33| eov hel a7 R Fy 9 -g 2 2
0] ko U6l 32 p1repons rull_spatrs 1 & e = 22
234 0.5 23 0.3 {3t1ak lert) <'rce Anx 2, »3
20l |7 25 Ry By
FRE3)
£ T T
= A 1
":é
o8
oM
B35}
e
ol
g2
0
36 [ Loy
135 | 15 A ¥ 3
R B 1
20 |oua ix xx}‘, 3
aud >2}

89aetidatory sping range of valuos given,
Ylicenpin oondition aloo ebtained.
°Umor£ng spin,

“yisual observation.

°H’h}pplng spin,

fintored an alloron roll,

£Rocovored in
PRacovored in
fRocoverod in
Jrooovorad 1n
¥fieovored 1n

diroctione
Inocovered in

a dive followed by a roll.

a divo,

an aileren roll.

a short dive followed by a turn,

a dive followod by a turn in opponito

an invertod diva.

P/i0val oatirato.

Rooovery atterptod byt

Rudder roversal from full with to

Auxiliory ruddgr roveroal from

"} "full sragnot tro spin fall with to § sgatnot the optn
p, | Puddor doflootion from full with
) | spin to noutral M;ernn‘t:ovar.cnc to full with
tho opin
Ruddor revorsal from full with to
2 § arainat the arin Alleron roveront £o noutral
pux | Auxiliary puddop roversal fron Alloron roveront to § with the *

full vith to full arainat tho opy

apin A

Auzx,
b

Auu(nr{ ruidor doflootion from
full with tho spin to noutral

Alloron rovorent to § with the
spin

Te
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SLATS RETRACTED AND THE AUXTLIARY RUDDERS NEUTRAL

ﬁ\dodel loading 1 in table II; recovery attempted by rapid full

rudder reversal except as indicated (recovery attempted

CHART 6.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE

from, and steady-spin data presented for, rudder-full-with
spins); spins to pilot's r_ight]

i} d ]
L 22
tol o
282 bu2s
g3
P ol &
1 f|
iz, >4 A& WO SPIN N SPIN
c ¢ © i
1 i
1 1—2-, 3 a
w2 | au of
521 9U =
EE
= le Elovator
265 (0.2l zevntor e
S up (A
r,o f,b 3 8|3
@i
2, b H
4
i
a A i
k7| 350
Sl | 320
238 Allerons full against App. Allerons full with
O3 T et 1
2569 (Stieck lert) 217 (Stick right)
b h
o _];’ 2 NO SFIN
2
;[A
o}
£
~d
£l
NE
8
A Q
Bl
sl »
ol v
o —
s
i
>217 2kl
b b
»23, >8 i NO SFIN
27 2’
8¢scillatory spin, range of values presented. a &
PRecovered In a dive. tdeg) | (deg)
CRecovery atterpted by movement of ailerons to Model values v
2 uith th n converted to (fos) 2
3w e spin. corresponding ps) | (rps)
d full-secale values.
eEntered a dive. U lnner wing up Turns for
Entered a dive then rolled with gilerons. D inner wing down recovery
rRecovery atterpted by rudder reversal from

full with to % against the spin.

Cihipring and wandering spin.

hpacoveres in s dive then went into left spin before it hit net.
ipntered an atleron roll.

JVery osclillatory and wandering spin.



NACA RM SL55G15 NNy

(1]
1 e CHART 7T7.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE
rece SLATS RETRACTED AND THE AUXILIARY -RUDDERS AGATNST THE SPIN
[ 4
i [Model loading 1 in table IT; recovery attempted by rapid full
"% rudder reversal except as indicated (recovery attempted
L] [ ]

from, and steady-spin data presented for, rudder-full-with
spins); spins to pilot's right]

0 a2
HE
NO SFIN 5 3
Al W
< o
= tten A
b,c,d a.b
hol o
oh| 150 5
3%
—22"—"&‘&-— 261]0.2Y| no 3e1n 2|g
3 up e,f e ul s
B >17 HH
>|m
o|—
7]
(¥4 h, —~
32} 59D
9k| 52v
26 0.33 Ailerons full sgainst Allerons full with
28l )7 (Stick 1left) (Stick right)
>5 HO SPIN
83
g
Nz
=B
qa
£
o o
AN o
o
=2
o ~—
K
c h
Lol 39D
95 u
231
Sa6{0-3k
1
>3, >33 NO SPIN
8Model entered a dive. A &
b’l‘wo conditions possible. tdeg) | tdeg)
C0scillatery spin, range of values presonted. Model values v a
[} » convertied to
Spin will not persiast indefinitely. corresponding (fps) | (rps)
CRecovery attempted by revorsing the rudder full-scale values.
from full with to & against the spin. U lnner wing up Turns for
3 D inner wing down recovery
TRocoverca in & dive.

E¥odel somstimsa rolls inverted.
Model entered a vertical dive.
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CHART 8.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE

SLATS EXTENDED AND THE AUXILIARY RUDDERS WITH THE SPIN

[@odel loading 1 in table II; recovery attempted by rapid full
rudder reversal except as indicated (recovery attempted
from, and steady-spin data presented for, rudder-full-with
spins); spins to pilot's right]

a.b £ by b4
53] 18u 1
751 2D
238|0.2¢6
c C
2, 6, @ N0 SPIN NO SPIN NO SPIN
d,e d.e r
1.1 b o
Ll | 19U s
62| D :5«, §
Elsvabtor §§g p.2 : '3
2 ol o
S up £.¢ & 8¢ al g
1,>2,51 a
2 o~
-—m-l—J &
[~ B
K
Q|
a.b - E gj i 3
20 jif
93 EZD il
231 b .o Ailerons full againsi Lilerons full with
261 |°-
f! - (Stick left) (Stick right)
3 5 HO SPIN NO SPIN
§
5| ~
i
=k
=) %
| O
5 ~
9| =
@l o
of «
IR 4
Q|
a2
o1
a,b s i
38 h2u
91] 50D
o7
In h
ﬁ-. 3% o SPIN o SPIN
d,E d,l;1
22 7k

Bpgcillatory spin, rangs of values presented.

bllo-spin condition also obtalned.

CRecovered in a dive.

dRecovery attempted by ;oving ailerons to 2 with
the spin. 3

SRecovered in a glide followed by a spiral.

Tentored a glide.

Model values
converted to
corresponding
full-gcale values.
U inner wing up
D linner wing down

SRacovery attempted by rudder reversal from full with

to %— againat the spin.

hrocovered in an aileron roll.
IEntered a aive.

Jentered an aileron roll.
XRecoverad in an inverted spin.
lTends to enter a spin to the left.

a @
{deg) | (deg}

v Q
(fps) | (rps)

Turns for
recovery
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CHART Q.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH

L ]
[ ]
.E THE SLATS EXTENDED AND THE AUXILTIARY RUDDERS NEUTRAL
-E lModel loading 1 in table II; recovery attempted by rapid full
. rudder reversal except as indicated (recovery attempted
: from, and steady-spin data presented for, rudder-full-with

spins); spin to pilot's right]

1, ng| vo sem o SPIN

Elevator full up
(Stick buecs;

b,c £
LY ii3D
9Y j2
2220.33 Alleroas full against Allerons full with
— (Stick left) (Stick right)
1, 2+,514 No SPIN
) Hv 2
]
3|8
|z
=1
510
o [0
ol & g
2o Q| o
Sl @ Ble
o w lo
¢ o =ln
e A
3 2
b,c,k m Y A k
L2 LoD
50| 59y
23] 0-32
LY J Li
1 3 ll NO SPIN No sSPIN
2° 77
ATuo conditions possible.
boscillavory spin, range of values given. o &
€Spin will not persist indefinitely. (deg) | tdeg)
dRecoverad in a dive. ”°d§1 Z:;“:i v a
“Recovery attemptod by reversing ailerons to gz:rzzponding (fps) | {rps)
% with the spin. full-scale values.
3 U inner wing up Turns for
fRecoversd in a dive followed by a turn. D inner wing down recovery
EEnters a dive.

knters a short dive followed by a turn or alleron roll.
ipodel rolls inveried.
JRecovers in an aileron roll.
KEnters an alleron roll.
lvisual estimate.
TEaters an inverted dive.
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CHART 10.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THE
SLATS EXTENDED AND THE AUXILIARY RUDDERS AGATNST THE SPIN

Model loading 1 in table II; recovery attempted by rapid full
rudder reversal (recovery attempted from, and steady-spin
data presented for, rudder-full-with spins); spins to
pilot's right]

RO SPIN

Elevator full up
(Stick back)

231 .32 Aflerons full against Ailerons full with
269 |, {Stick left) (Stick right)

Elavator full down
(Stick forward)

NO SPIN

AModel entered a dive.

a @
bvery oscillatory, range of values given. tdeg) | (deg)
CSpin will not persist indefinitely. MNodel Model values v n

rolled inverted. converted to teped | tresy
dp0del recovered in an aileron roll. corresponding
8 full-gcale values.
lodel entered an aileron roll. U inner wing up Turns for
D inner wing down recovery




NACA RM SL55G15 ST,

Qutboard slof—/

25 % chord line

Inboard slat

17.63"
Fuselage . Rudder hinge line
reference line
355"
— - a2 i
104"
979"

Figure 1.~ Drawing of the 0.03k-scale model of the Chance Vought F7U-3
airplane. Center-of-gravity position indicated is for normal fighter,
combat loading.
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Both
down |1° Lezf; 5dé)wn
O O '
Right
g | e
o J.oJ
2
Yo
R
-
2 Left down
n Neutral 16.5°
A\ Fat
A\ ¥4 —\J
. . = Right up
Sth rlghf l6-5°
R
(&
o
Ko
3 - =
: sls 2B
T |5 ol 2
Y I 2 ~ O
—Im' S S [N,,_o
n
Stick £ back , i
______ __.___.O_____.__O____...__. R
(Elevator 2- up) Left W Left up ]
3 ]6.' IO 60
Right up
27.1° | R‘gg‘; 3
I : Left up
§ | 18.4°
( O i
gofh \]J Left up R'th uop
up 32.4° , 27.7° 6.4
| Right up
37.1

Figure 2.- Deflection of ailavator surfaces relative to control stick
motion. Envelope of stick and ailavator movements shown. Ailavator
position is directly proportional to control stick position; angles
are measured in plane normal to hinge center line; stick travel to
right is shown, left travel is symmetrical.
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