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FREE-SPINNING TUNNEL INVESTIGATION OF A
?»316' SCALE MODEL OF THE MCDONNELL
F2H-3 AIRPLANE

By Jack H. Wilson
SUMMARY

An investigation has been conducted in the Langley 20-foot free-
spinning tunnel on a é%--scale model of the McDonnell FZ2H-3 airplane.

The effects of control settings and movement upon the erect spin and
recovery characteristics of the model were determined for the take~off
condition and for the condition with full wing-tip fuel tanks installed.
Brief tests were also conducted to determine the effect of deflecting
the gpeed brakes and to determine the effect of moving the center of
gravity forward of normal. The investigation also lncluded inverted
spin tests and tests to determine the parachute size required for emer-
gency spin recovery.

For the take~off or combat loadings either an extremely steep spin
was obtained from which recoveries were rapid or an osclllatory motion
was obtained with the oscillation becoming so violent that the model
would osclllate out of the spin. Extending the speed brakes or moving
the center of gravity 5 percent forward of normal had little effect on
the spin or spin-recovery characteristics. When the full wing-tip fuel
tanks were installed, steep spins were obtained and recoveries by full
reversal of the rudder and movement of the elevator down were

*satisfactory.

Recoveries from inverted spins by reversal of the rudder were
rapid.

Either a 16.7-foot tail or a 10-foot wing-tip spin-recovery para-
chute (drag coefficients 0.63 and 0.72, respectively) was indicated to
be an effective emergency spin-recovery device for demonstration spins.
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INTRODUCTION

In accordance with a request by the Bureau of Aeronautics, Névy
Department, tests were performed in the Langley 20-foot free-spinning
tunnel to determine the spin and recovery characteristics of a é%-scale
model of the McDonnell FZ2H-3 airplane. The F2H-3 is an unswept-wing,

et, single-place, low-wing fighter

) BALMRLUT R ASLT

The erect and inverted spin and recovery characteristics of the
model were determined for the clean condition. The effects of speed
brakes and of moving the center of gravity forward of normal were also
determined. Fully loaded wing-tip tanks were investigated on the model
and tests to determine the required size of emergency spin-recovery
tail and wing-tip parachutes were also performed. Two simulated spin-
test altitudes were investilgated.

SYMBOLS
b wing span, feet
. 8 wing area, square feet
< mean aerodynamic chord, feet
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 fuselage reference line)

m - mass of alrplane, slugs
Ix, Iy, I moments of inertia about X, ¥, and Z body axes respec-
g tively, slug—feet2
xR Iy
R Y —— '2 77 ilffertia yawing-moment parameter -
mb :
Iy - Iy
5 inertia rolling-moment parameter
b

s
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T inertia pitching-moment parameter
mb
o] v alr density, slugs per cubic foot
T ‘ relative density of airplane (m/pr)
a angle between fuselage reference line and vertical (approx.

equal to absolute value of angle of attack at plane of
symmetry), degrees

angle between span axis and horizontal, degrees
v full-scale true rate of descent, feet per second
Q full-scale angular velocity about spin axis, revolutions

per second

APPARATUS AND METHODS

The é%u-scale model of the McDonnell FZH-3 airplane was furnished

by the Bureau of Aeronautics, Navy Department, and was checked for
dimensional accuracy and prepared for testing by the Langley Aercnautical
Laboratory. A three-view drawing of the model with wing-tip tanks
installed is shown in figure 1. Photographs of the model in the clean
condition are shown in figure 2. Figure 3 is a photograph of the model
with speed brakes installed. The dimensional characteristics of the
airplane are given in table I.

For the greater portion of the tests, the model was ballasted with
lead weights to obtain dynamic similarlity to the airplane at an alti-
tude of 15,000 feet (p = 0.001496 slug/cu ft). Brief tests were also
conducted with the model ballasted to simulate the airplane at a test
altitude of 25,000 feet (p = 0.001065 slug/cu ft). A remote-control
mechanism was installed in the model to actuate the controls or open
the parachute for recovery tests. Sufficient moments were exerted on
the control surfaces during recovery tests to reverse the controls
fully and rapidly..

Bt - L o e et o

WIND TUNNEL AND TESTING TECHNIQUE

The model tests were performed in the Langley 20-foot free-spinning
- tunnel, the operation of which is generally similar to that described in

- ]
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reference 1 forbthe Langley 15-foot free-spinning tunnel, except that

the model-launching technique has been changed. With the controls set
in the desired position, the model is launched by hand with rotation
into the vertically rising dir stream. After a number of turns in the
establighed spin, recovery is attempted by moving one or more of the
controls by means of a remote-control mechanism. After recovery, the
model dives into a safety net.

The data presented were determined by methods described in refer-
ence 1 and have been converted to corresponding full-scale values. The
turns for recovery are measured from the time the controls are moved,
or the parachute 1s opened, to the time the spin rotation ceases.
Recovery in two turns or less has been adopted as the criterion for a
satisfactory spin recovery for the model. For the spins which had a
rate of descent in excess of that which can readily be attained in the
tunnel, the rate of descent was recorded as greater than the velocilty
at the time the model hit the safety net, as >330. For these tests,
the recovery was attempted before the model reached its final steeper
attitude and while the model was still descending in the tunnel, and
such results are considered conservative. For recovery attempts in
which the model struck the net while it was still in a spin, the
recovery was recorded as greater than the number of turns from the time
the controls were moved to the time the model struck the net, as >2.

Spin-tunnel tests are made to determine the spin and recovery
characteristics of the model for the normal-spinning control configu-
ration (elevator full up, ailerons neutral, and rudder full with the
spin) and at various other aileron-elevator control combinations
including zero and maximum deflections. Recovery is generally attempted
either by rapid full rudder reversal alone or by simultaneous rapid full
rudder and elevator reversal. Tests are also performed to evaluate the
possible adverse effects on recovery of small control deviations from
the normal control configuration for spinning. For these tests, the
ailerons are set at one-third of the full deflection in the direction
of the slower recoveries and the elevator is set at full up or at two-
thirds of its full-up deflection, whichever will cause slower reccveries.

‘Recovery is attempted either by rapid rudder reversal alone from full
" with the spin to two-thirds against the spln or by simultaneous rapid

rudder reversal from full with the spin to two-thirds against the spin
and movement of the elevator down. This control configuration and move-

- -ment- is-referred to as the "criterion spin".- Recovery characteristics

of the model are considered. satisfactory if recovery from this criterion
gspin requires 2% turns or less. This value has been sgelected on the

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

For the spin-recovery parachute tests, the minimum size parachute
required to effect recovery within 2% turns after the packed parachute

L -
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was opened was selected as the parachute required for satisfactory
termination of the spin. The towline length used on the spin-recovery
tail parachutes was selected on the basis of the data presented in
reference 2. For the tail parachute tests, the parachute pack and tow-
line were attached to the model at the rear of the fuselage below the
horizontal tail on the inboard side of the fuselage (right side of the
fuselage in a right spin). Wing-tip parachutes were attached to the
outer wing tip (left wing tip in a right spin). When the parachute was
attached to the wing tip, the towline length was so adjusted that the
parachute could not be fouled by the horizontal tail. Tests were also
made with a very short towline for the wing-tip parachute. It is recom-
mended that, for full-scale wing-parachute installation, the parachute
be packed within the airplane structure if possible; all parachutes
should be provided with a positive means of ejection. For the tests,
the controls were not moved during recovery so that recovery was due
entirely to the effect of opening the parachute. Flat-type silk para-
chutes which had a drag coefficient of approximately O0.72 for the wing-
tip parachutes and 0.63 for the tail parachutes (based upon the canopy
area measured with the parachute spread out flat on a flat surface) were
used for the spin-recovery parachute tests.

PRECISION

The model test results presented are believed to be the true values
given by the model within the following limits:

R L =3 o =L - o 1
P, degrees . . . . .4 o v e e .. e e e e e e e e e e e +1
Vopercent . . . . . oL L L L s s s e e e e e e e e e e e e e 5
Qy, Percent . . . . . L L L L e L e e e e e e e e e e e e e e 2
Turn for recovery: :

Motion-picture records . . . . . . . . . . . . e e w e i%

Visual estimate . . . . . . . . . . i . s e e e e e e e e i%

The preceding limits may have been exceeded for s large portion of
the spins in which it was difficult to control the model in the tunnel
because of the high rate of descent or because of the wandering or oscil-
latory nature of the spin.

Comparison between model and full-scale results (reference 3) indi-
cates that model tests satisfactorily predicted full-scale recovery

characteristics approximately 90 percent of the time and for the
ramining 10 percent of the time the model results were of value in
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predicting some of the details of the full-gcale spins and the relative
effectiveness of the controls on the recovery characteristics. The air-
plane generally spun at an angle of attack closer to 45° than did the
model and had a greater altitude loss per revolution than did the model.
The comparison presented in reference 3 also indicated that generally
the model's inner wing was tilted less downward and that the corre- :
sponding airplane spun at a greater or lower rate of rotation, depending
on whether the tail-damplng ratio was greater or less than 0.02, than
the model.

.

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

R R

Welght, percent . . . . + . « ¢« ¢« & ¢ 4 o ¢ o ¢ o o & 1 low to 1 high

Longitudinal center-of-gravity location, ,
percent T o o o« o o o o s s o o o 6 o o . 1 rearward to 2 forwsrd

Moments--of inertia: .
Ig, Percent . « o o ¢ v o o oo e e e e e 5 low to 6 high

Iy, percent . . .« ¢ v o v . e et e e e e .. 7 low to 4 high
- Ig, percent . o « o o & o o ¢ &« o« o o 4 o o . . 5 lowto 4 nigh

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

Weight, percent . . . & ¢« ¢ ¢« ¢ ¢« v v ¢ ¢ 0 4 e 4 e s e e e e e 1
Center-of-gravity location, percent © . . . .« « « ¢« ¢ o ¢« o o & & x1
Moments of inertia, percent . . .« « « ¢ o ¢ ¢ ¢ o 4 e o o s e s 15

The controls were set with an accuracy of #1°,

TEST CONDITIONS

g

Tests were made to determine the erect spin and recovery charac-
teristics of the model in the clean condition for normal and forward
center-of-gravity positions. The effect of the installation of speed
brakes and of full externmal wing-tip fuel tanks was also determined.

_ The inverted spin and recovery characteristics were obtained for the
~ clean condition and normal center-of-gravity position.

The mass characteristics and inertia parameters for loadings possi-
» ble on the airplane and for the loadings tested on the model are shown
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in table II. The model was ballasted according to the original mass
information reveived from McDonnell. Subsequent to the ballasting of
the model, revised mass data were received for the FZH-3 airplane but,
inasmuch ag the mass and mass distribution were not appreciably changed
from the original data recelved, the model was not reballasted. The

~results of the investigation presented herein are considered applicable

for either 'the original or revised mass data given in table II.

The mass parameters for the loading conditions given in table II
are plotted in figures 4 and 5. For unswept-wing airplanes, figure 4
can be used to determine whether the spins will be fairly steady or
extremely oscillatory in roll and yaw (as associated with long-nose
lengths and extreme loadings along the fuselage), reference 4. As dis-
cussed in reference 5, figure 5 can be used in predicting the relative
effectiveness of the controls except when extreme rolling and yawing
oscillations are obtained.

The tail-damping power factor of the FZH-3 was calculated by the
method described in reference 6., The maximum control deflections used
in the tests were:

Rudder, degrees . « v « ¢ o ¢ o ¢ o o ¢ o s o o & & 20 right, 20 left
Elevator, degrees « « « « « o o+ o o o ¢ ¢ s s & o o = 15 up; 15 down
Allerons, degrees . « « ¢« o « o o ¢ o ¢ o e e s o4 e . 20 up, 20 down

RESULTS AND DISCUSSION

The results of the spin tests of the model are presented in charts
to 3 and in table IITI. Unless otherwise indicated, the model data are
presented in terms of the full-scale values for the airplane at a test
altitude of 15,000 feet. ' Preliminary tests of the model showed that
recoveries from left and right spins were similar, and results are arbi-
trarily presented in terms of right spins.

Erect Spins

Take-off and combat loadings.~ The test results obtained with the
FZH~3 model in the clean condition for the loading condition designated
as the take-off loading (loading point 1 in table II and figs. 4 and 5)
are presented 1n chart 1. Although no specific tests were conducted
with the model balasted to simulate the combat loading (loading point 2
in table II and figs. 4 and 5), an examination of the mass and inertia
data indicates that similar results should be obtained for the take-off
or combat loadings or for any intermediate condition.
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- As shown in chart 1, with the allerons set at neutral, two condi-
tions were indicated as being possible: either the model would not spin
or a steep spin was obtailned.

For the steep spin, recoveries by rudder reversal were indicated

,tbrbe rapid. For the "no spin" condition, the model oscillated in roll

and yaw through a wide range of angles after the initial launching rota-
tion was expended; during these osclllations reversal of the rudder
during any phase of the oscillations quickly terminated this motlion. If
the rudder was not reversed during this oscillatory motion, the model
eventually went into a left roll or into a glide with 1ift wing low
(rudder maintained full right in a right spin). It is believed that,

on the corresponding airplane, similar oscillations may be obtained
during the incipient phase of the spin. Based on the model results, it
appears that recovery of the corresponding airplane from any spin or
oscillatory motion obtained should be satisfactory by normal-recovery
technique (full reversal of the rudder followed 1/2 turn later by move-~
‘ment of the elevator down). Any rolling motion obtained on the airplane
should be readily terminated by movement of ailerons to oppose this
motion. With the ailerons set against the spin, the model would not
spin but would go into a left roll after undergoing a series of extreme
rolling and yawing oscillations. Setting the ailerons partially or '
fully with the spin resulted in steep spins when the elevator was or
near full up, the model oscillating somewhat in roll and yaw and tending
to whip or to glide out of the spin at times. With the elevator at neu-
tral or down and the ailerons with the spin the model descended at a
very steep attitude and may have been in an aileron roll. For all
aileron-with spins, recovery by rudder reversal alone was rapid, the
model either gliding out of the spin after rudder reversal or going into
a steep inverted spin. In order to avoid entering an inverted spin, the
stick and rudder pedals should be neutralized after the airplane has
agsumed a near=-vertical attitude.

Brief tests made for the take-off loading with the speed brakes
installed indicated that the nature of the spin and the spin-recovery .
characteristics were not affected by the speed brakes. The results of
these tests are not presented in chart form.

Results of brief tests conducted with the center of gravity moved
forward approximately 5 percent of normal for the take-off loading con-

“dition indicated that the spin and spin-recovery characteristics were

essentially the same as those obtained with the center of gravity at its
normal location (results not presented in chart form).

Wing-tip tanks on and full.- The results of spin tests of the model
with wing-tip tanks on and full (loading point L4 in table II and figs. k4
and 5) are presented in chart 2. The model spins for 8ll control con-
figurations were very steep with the rate of descent of the model ‘
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exceeding the vertical velocity of the tunnel. As was anticipated for
- this loading condition of the model (reference 5), placing the ailerons

against the spin and the elevator down had a favorable effect on
recovery, whereas placing the allerons with the spin retarded recov-
eries. The results of the model tests indicated that the recovery char-
acteristics of the FZH-3 airplane for this loading condition will be
satisfactory provided both rudder and elevator are reversed for recovery,
regardless of the position of the ailerons.

Although not specifically investigated, it 1s not anticipated that
any difficulty will be encountered in recovering from spins with wing-
tip fuel partially or fully expended. If, however, a spin is entered
with the wing-tip fuel tanks installed and recovery does not appear
imminent after the normal manipulation of the controls (reversal of the
rudder followed approximately 1/2 turn later by reversal of the ele-
vator), it is recommended that the wing-tip fuel tanks be jettisoned
and another recovery attempt be made. As indicated in reference 7, the
Jettisoned tanks should fall clear of the airplane.

Test altitude increased to 25,000 feet.- In order to determine if
an increase in test altitude would have an adverse effect on the model's
spin-recovery characteristics, the simulated test altitude of the model
was raised from 15,000 to 25,000 feet. The results of these tests indi-
cate that, for the take-off or combat loadings (loadings 1 and 2 in
table IT and figs. 4 and 5), the behavior of the airplane in spins should
be essentially the same at 15,000 or 25,000 feet. No tests were con-
ducted with the model ballasted to simulate the loading with wing-tanks
installed at an altitude of 25,000 feet. As has been stated previously,
1f recovery does not appear imminent after normal use of the controls,
it is recommended that the tanks be Jettisoned and that recovery be
reattempted. ’ '

Landing condition.- The landing condition was not investigated on

this model inasmuch as current Navy gpecifications do not require air-

planes to be spin-demonstrated in the landing condition. Analysis of
full-scale and model tests on numerous designs to determine the effect
of flaps and landing gear (reference 8) indicates that, although the
FZH-3 alrplane will probably recover satisfactorily from an incipient
spin (1 turn or less), recoveries from fully developed spins in the
landing configuration may be unsatisfactory. In order to avold entering

ea-fully - developed spin; 1t "1s recommended that thé Flédps be neutralized

and that recovery be attempted immedlately upon inadvertently entering
a spin in the landing condition.

Inverted spins.~ The results of the inverted spin tests of the
model in the take-off loading are presented in chart 3. The order used
for presenting the data for inverted spins is different from that used
for erect spins. For inverted spins "controls crossed" for the
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‘established spin (right rudder pedal forward and stick to pilot's left
for a spin to the pilot's right) 1s presented to the right of the chart
and stick back 1s presented at the bottom. When the controls are
crossed in the established inverted spin, the ailerons aid the rolling
motion; when the controls are together, the ailerons oppose the rolling
-motion.

The inverted spins ﬁere very steep, the rate of descent of the
model exceeding the vertical velocily of the tunnel. Recoveries by
rudder reversal from all control configurations were rapid.

Control forces.- The discussion of recovery characteristics so far
has been based on control effectiveness alone without regard to the
forces required to move the controls. As previously mentioned, for all
tegts sufficlent force was applied to the controls to move them fully
and rapidly. Sufficlent force must be applied to the airplane controls -
to move them in a similar manner in order for the model and airplane
results to be comparable.

Calculations were made, based on the information presented in
references 9 and 10, to determine the forces required to fully reverse
the controls during spins. These calculations indicate that the rudder-
pedal forces will probably be within the capabilities of the pilot, but
that the force required to fully reverse the elevator might be excessive,
indicating that some type of booster may be required to ingsure full
reversal of the elevator.

Spin-recovery parachutes.- Spin-recovery parachutes were investi-
gated on. the model to determine the size parachute required for emer-
gency recovery during demonstration spins. It was found that very large
tail parachutes (of the order of 20 feet) were not capable of termi-
nating the model's motion, Inasmuch as the model spins were very steep
and the radius of the spin was observed to be small for the loading con-~
ditions investigated when spin-recovery tall parachutes were opened, it
was noted that the parachute trailed nearly along the model's X-axis.
It thus appears that the parachute contributed very little aerodynamic
yawing moment opposing the model's rotation. If the airplane spins are
generally similar to those indicated by the model results, 1t is
pelieved that recovery should be readily obtainable without the ald of
a parachute provided that the controls can be reversed. If, because of
possible scale effects, the airplane spins somewhat flatter than the
model, an emergency spin-recovery device may be required, however.
After numerous attempts to obtain a flat spin on the model, 1t was
found that placing a large fin at the rear of the fuselage off-set to
give a pro-spin yawing moment and setting the controls beyond thelr
maximum deflections led to a flat spin, angle of attack approxi-
mately 63°. Both outboard-wing-tlp and tail parachute installations
were investigated from this flat-spinning condition and the results of
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these tests are presented in table III. Although these results are
congervative, it is felt that the size parachutes determined from these
tegts should be effective as emergency spin recovery devices on the
FZH-3 airplane. ’

' The results of the model tests show that a tail parachute 16.7 feet

" in diameter, full-scale (measured laid out flat), will enable satis-

factory recovery from the flat spin by parachute action alone. For the
tail parachute tests a towline length of approximately 21 feet full-

‘scale, was used. Satisfactory recoveries were also indicated to be

obtainable by opening a 1lO-foot diameter, full-scale (measured laid out
flat), parachute attached to the outboard wing tip with towline lengths
of approximately 7 feet or under.

The model parachutes as tested had values of drag coefficients of
approximately 0.63 for the tail parachutes and approximately 0.72 for
the wing-tip parachutes. If a parachute with a different 4drag coef-
ficient is used on the airplane, a corresponding adjustment will be
required in parachute size,

CONCLUSIONS

Based upon the results of spin tests of a é%u-scale model of the

McDonnell FZ2H-3 airplane, the following conclusions and recommendations
regarding the spin and recovery characteristics of the airplane are
made for a spin-test altitude up to 25,000 feet:

1. In the take-off or the combat loadling of the airplane, either
an extremely steep spin may be obtalned from which recoveries will be
rapid by normal use of the controls (full reversal of the rudder fol-
lowed 1/2 turn later by movement of the elevator down) or the airplane
may not spin. During an incipient phase of the spinning motion, extreme
oscillations may be obtained, the oscillations becoming so violent that
the airplane may roll or yaw out of the spin. If the rudder and ele-
vator are moved for recovery during the oscillations, the motion will
be terminated rapidly.

2. With full external wing-tip tanks installed the spins will be
steep and recoveries will be satisfactory by normal use of the controls.
If recovery does not appear imminent, however, after normal manipulation
of the controls, it is recommended that the tanks be Jettisoned and
another attempt at recovery be. made.

3, Satisfactory recoveries will be obtained from inverted spins by
rapid full rudder reversal.

SONEESENGLLL,
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4, Moving the center of gravity forward of normal approximately
5 percent of the mean aerodynamic chord or extending the speed brakes
will have little effect on the spin a.nd recovery characteristics of the
airplane.

5. For emergency recovery from demonstration spins, the use of a
16, T-foot-diameter (full-scale) flat-type tail parachute having a drag
coefficient of approximately 0.63 with a towline length of approxi-
mately 21 feet or a 10-foot-diameter (full-scale) flat-type wing-tip
parachute having a drag coefficient of approximately 0.72 with a tow-
line length up to approximately 7 feet will terminate effectively any
unexpected flat spin that might be obtained.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.

. Wiboon.

Jack H. Wilson
Aeronautical Research Scientist

Approved.: M 4 M r

Thomas A. Harris
Chief of Stability Research Division

fgs



10.

B -

Aoy,

1

NACA RM SL51G17 ASMPED IR ‘ 13

REFERENCES

Zimmerman, C. H.: Preliminary Tests in the N,A.C.A. Free-Spinning
Wind Tunnel. NACA Rep. 557, 1936.

Seidmsn, Oscar, and Kamm, Robert W.: Antispin-Tail-Parachute Instal-
lations. NACA RB, Feb., 1943,

Berman, Theodore: Comparison of Model and Full-Scale Spin Test
Results for 60 Airplane Designs.‘ NACA TN 2134, 1950.

Stone, Ralph W., Jr., and Klinar, Walter J.: The Influence of Very
Heavy Fuselage Mass Loadings and Long Nose Lengths Upon Ogcilla-
tions in the Spin. NACA TN 1510, 1948.

Neihouse, A. I.: A Mass-Distribution Criterion for Predicting the
Effect of Control Manipulation on the Recovery from a Spin. NACA
ARR, Aug. 1942,

Neihouse, Anshal I., Lichtenstein, Jacob H., and Pepoon, Philip W.:
Tail-Design Requirements for Satisfactory Spin Recovery. NACA
TN 1045, 1946.

Berman, Theodore: Spin-Tunnel Investigation of the Jettisoning of
External Fuel Tanks in Spins. NACA RM L9J25, 1949,

Gale, Lawrence J.: Effect of Landing Flaps and Landing Gear on the
Spin and Recovery Characteristics of Airplanes. NACA TN 1643, 1948.

Stone, Ralph W., Jr., and Burk, Sanger M., Jr.: Effect of Horizontal-
Tail Position on the Hinge Moments of an Unbalanced Rudder in
Attitudes Simulating Spin Conditions. NACA TN 1337, 1947.

Sears, Richard I., and Hoggard, H. Page, Jr.: Characteristics of
Plain and Balanced Elevators on a Typical Pursuit Fuselage at
Attitudes Simulating Normal-Flight and Spin Conditions. NACA ARR,
March 1942,




1 LTS REES NACA RM SL51G17

TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE

MCDONNELL FZH~3 AIRPLANE

Over—all length’ ft . . . . L e 0 . . . . . . ‘c . . . . L] . . . )‘"80 O)'"

Wing:
SPBI, Ft o o 4 o o o o 4 s 6 4 e 4 s st e e e e e e e e e hi.7
Area, SQ Tt v v & 4 o 4 4 4 e e e e e e e e e e e e e e e 294.0
Section, wing=fold .+ « « « « « ¢« « 4 o + « « « . o . NACA 65 =212

Incidence, A€E « « + o o o s o s o & o 2o s o« o o 0 e 0 0 e e -0.5
Agpect ratio . & ¢ 4 ¢ e e s s s e s e e e e e s e e s e e e 5.9
Dihedral, deg « « « « o o ¢ o o « o o o o o s s o s o s o o 3.0
Mean Aerodynamic Chord, in, . e e e e e e e e s 88.4
Leading edge of ¢C aft of leading of root chord, in. e e . 0

Ailerons:
Mean chord rearward hlnge line, £ « ¢ & o ¢« ¢« o . . e . o4 . 1.24
~ Span, percent B2 0 v e e e e e e e e e e e e e e e e e e e 32.8

Horizontal tail surfaces:

Total area, sq ft e e s s e 4 s e s s s s s e e e e e e e T0.1
b Span, ft « ¢ v v v 4t 4 e e s e e e e e e e e e e e e s e 17.8
Elevator area, aft hinge line, sq £t . : + « « + + « & + + . 18.7
Distance from 0.256¢ to elevator hinge line, ft . . . . . . . 2k, 0
Dihedral, deg . « « + « o ¢ ¢ o o o o o o o o o s o s o o o o 10.0
Vertical tail surfaces:
Total area, sq ft . . . . . . . e 6 4 s e e 4 4 s s e s e e 39.9
Rudder area aft hinge line, sq ft e e e e e e e e e 9.6
Distance from 0.256¢ to rudder hinge line, £t e e e e e e e 22.2

Tail-damping POWET TACEOT + o « + o « o o + « o o « o o« o « . 0.0001L5
Tail-damping ratio . ¢« ¢ ¢ & ¢« &« o « o o« o o o « o o o o« + « « 0,0096

Side-area moment factor « . « « ¢ o o o e e e e e e 0.6




TABLE II.- MASS CHARACTERISTICS AND INERTIA PARAMETERS POSSIBLE FOR THE McDONNELL F2H-3 AIRPLANE

E(oments of

inertia are about center of gravity]

LTDTIGTIS W VOVN

a cen{,gr—of-gravity Moments of inertis (slug—i‘i2 ) Hass parameters :
Number Loading Weight |3ea levell 15,000 | x/8 /3 Ix Iy iz oy | Zx-lz | 2oX
. (1b) 1t , b “mbe wb
O#iginal Airplane Values
Take-off . .
1 o=0 20,762 22.1 35.2 25.7 17.5 15,145 1,677 54,616 {237 x 1074 [-126 x 107 353 x 1074
(Clean condition) 1 ’ )
Combat :
? o 17,330 18.5 29.4 2.5 20.5 14,620 | 39,606 52,131 -267 -134 401
(Clean condition) )
Take-off plus .
3 empty tip-tanks 21,165 22,6 35.8 25.7 19.8 20,976 | u1,775 60,526 -182 ~164 346
Estimated)
Take-off plus . . .
L full tip-tanks 22,782 24,3 38.6 25.6 17.7 il ,579 42,124 84,496 +20 -345 325
(Estimated)
Reviged Airplane Values
Take-off .
1 20,762 22,1 35.2 5.4 17.5 14,335 | kb 122 55,490 -266 ~102 368
{Clean condition)
" -
2 Conba 17,330 18.5 29,4 23.6 20.5 13,625 41,91k 53,000 -303 =119 k22
(Clean condition) |
Take-off plus '
3 cl?ty tip-tanks 21,165 22.6 3.8 25.3 19.¢ 20,157 4h,210 61,399 =211 -151 362
Estimated)
Take-off plu ) .
& fuil‘t:p-tgnk: 22,782 24,3 38.6 25.2 17.7 43,769 4,569 85,370 -7 ~332 339
(Estimated) ;

T
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TABLE III.- SPIN-RECOVERY-PARACHUTE DATA OBTAINED WITH A 2—](')-SCALE MODEL OF THE

Y R

MCDONNELL FZ2H-3 AIRPLANE

Erake-off load.ing (loading 1 in table IT and fig. 5); rudder fixed full with the spin and recovery |

right erect gpins]

attempted by opening the parachute only; model values converted to corresponding full-scale values;

P;:%%%:i Ti%%%?ﬁ Ailerons Elevator ( fgs) ( d:g) (rgs) Tl;:’:ivig;

Tail parachute (Cp - 0.63)

15 20.7 '§Z§§th38°u§°““ 35° Down 233 63.0 0.34 2, w

16.7 2?.7 §i§2th38°ug°“n 35° Down 233 1 63.0 0.3 14343

18.3 207 ﬁﬁ‘t&ggougom 35° Down 233 63.0 0.3k bt
Outboard wing-tip parachute (Cp = O. 72)‘

8.3 12h §§§t£8°u§°m 35° Down 233 63.0 0.34 >al, 3L

10 6.97 Eigfﬁc‘tuggouim 35° Down 233 63.0 0.3k 1, 14, 2, 2,

10 1.0 gggﬁggﬁm 35° Down 233 63.0 0.3k 1, 1, 1 113?

LTHTICTIS WY VOVN
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GHART I.- SPIN AND RECOVERY CHARACTERISTICS OF THE . ~SCALE MODEL OF THE
MODONNELL F2H-3 AIRPLANE IN THE TAKE-OFF GONDITION

[l.ouding point 1 on table II and tiﬁ:xt-c 5; flaps neutral; cockpit closed; reeoveri attespted b{nrlapld full rudder reversal (rscovary
8

attempted from, and steady-spin

& presented for, rudder-full-with spins); r

ght erect sp.

T
b

Nodel becomes increasingly
osoillatory (primarily in roll and|
yav) until outboard wing is yawed
down approximately 90 degrees, and|
then modsl goes into a left roll.

T|left wing low. At times model goes

Model becomes increasingly oscillatory
(primarily in roll and yaw) until out
board wing is yawed down approximately
90 degrees, and then model elther goes
into & left roll op glides out with

very steep and does not become
oscillatory. Vertical velocity > 300,

Steep spin, goes into a short
glide with outboard wing low but
then starts turning again.
Vertical velooity > 300.

Steep spin slightly oscillatory
in roll and yaw. Goes into a
short glide but then starts turn-
ing again,

Vertical velocity > 325.

1}, ]]i» Goes into a spin in other direc-
tion.

Rudder reversed to 2 t ¢l
e T against the

1, Goes into a glide and startis
k3 rolling with ailerons,

11
TE Ggff 1nt“o & glide.

5 Goes into an inverted spin.

T
!
|
I
|
|

pm—————
|
[

Osclllates primarily in roll and

av.
;crucnl velocity approximately

Rudder reversed to 2 against the
spin. 3

1, 1 Goes into a glide.
Pz

!
I
|
|
!

MNodel beocomes increasingly oscll-
1atory {(primarily in roll and yaw)
untll outboard wing is yawed down
approximately 90 degrees, and then
model goes into a left roll,

Model becomes increasingly oscillatory
(primarily in roll and yaw) until out~
board wing is yawed down approximately
90 degrees, and then model goes into a
left roll. At times model goes very

steep and does not become oscillatory.

~| Vertioal velocity > 300. —

,]"_-. % Goes into a glide

1
!

Model becomes increasingly oscillad
tory (primarily in roll and yaw)
until outboard wing is yawed down
approximately 90 degrees, and the
model goes into = left roll,

Y

Nodel hecomes increasingly oscillatory
(prisarily in roll and yaw) until out-
" board wing 1s yawed down approximately
90 degrees and then model goes into
left roll, At times model goes very
steep and does not become asclllatory.

Yertical velocity > 300, —

,]t, Goes into a dive.
%:, Goes into an inverted dive.

Stesp spin > 300.

%;. 5 Goes into an inverted spin.

Steep spin > 300.

11
3 Goes into an inverted spin,

All, against - All. neutral - I> Alleron 1 with I, Ailerons with
Klev. up Elev. up Elev. 5 up Elevator u
? ¥ ! .
Iey to | | 1 !
control X o Allerons ¥ with 1
settings X ;
|

|. Elsvator % up

Ail. against - All. neutrsl -
Elev. nesutral Elev. nsutral

N
[Ail. against - |‘
Eley. down

Ailerons with
Elev. neutr
Ail. neutral - I___ ______ Ailerons with
Elev. down Elev. down

Legend

Description of steady spin
(rudder with the spin), Approxi-
mate full-scale velocities given
in feet per second.

Rumber of turns required for re-
covery and description of flight
path after recovery. All re-

coveries are by full rudder re-

-yersa) unlecs otherwise indicated

|

LTDTIGTIS W VOVN
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OHART 2.- SPIN AND RECOVERY CHARACTERISTICS OF THE
-SCALE MODEL OF THE MCDONNELL F2H-3 AIRPLANE WITH THE WING-TIP TANXS FULLY LOADED

&mnding point 4 on table II and figure 5; flaps neutral; cockpit cloéed; recovery attempted by
rapid rudder reversal except as noted (recovery attempted from, and steady-spin data

NACA RM SL51G17

presented

for, rudder-with spins): right erect spins]

g .
a culrey a . a a
y .
o
]
. g
>366 & >366 >338 >32)
a A
. .. a
1l, al .
: 7 T 1,> 2 1%>1% >2, »2
: >352 b e et e B,T 8o
Ajlerons 1, 11 1, 1 5
1 [ [
3 against 1
E' 1} Alleron ki with
e |
A3
&3
|
ol
oo
»|@
O
4]
Lo ' R
~ .Allerons full against Alilerons full with
{(Stick left) (8tick right)
£3
,f\
£
71
~s
21
He
o
0
o
» 43
om
P
[
[
>33 >330
r bs T |
- 1, | i, 2
SRecovery attempted before model in final,
steeper attitude a @
bRecovery attempted by simultaneous full (deg) | (deg)
o reversal of the rudder and elevator Model values v n
CYisual estimate converted to (fpe) | trps)
ag, corresponding P
ecovery Attempged by reversal of rudder from full-scale values.
full with to against the spin U inner wing up Turns for
. ecovery attempted by simultanegus reversal of D. inner wing down recovery
the rudder from full with to 3 againast the

spin and the elevator from full up to 2 down
Tiodel recovered by going into an inverted spin




NACA RM SL51GL7 | ORI 19

o © 7 77 "OMART 3.~ INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE
MCDONNELL F2H-3 AIRPLANE IN THE TAKE-OFF LOADING

[Londing point 1 on table II and fig. 5; flaps neutral; cockpit closed; recovery attempted by
rapid rudder reversal (recovery attempted from, and ateady-spin data presented for, rudder-

with spins); spins to pilot's right]

a a,b
>330 >330 >330
1 1 1 ‘1 1
o i I’ T - E
i |
i)
}
;':’?"’ -l
el !
* L] L] PR
[y a 2,b

>330 he——Btldok full pight 15330 _.(_sﬁﬂk_m.l_lﬁs__,_
(Gontrols together) Controls crossed »32

F
=
Fi
K
[T
Yo

a [ ,b
E
»j G e o I3330] B >298
X A s
. 1 1 1,
[ r z 2
15 ;
’fE .
L;} i &Recovery attempted before model in final,
steeper attitude a )
Ve BModel wanders somewhat tel val (deg) | fdeg)
[ Model values
SN Visual estimate ) converted to (fv ) Q )
; %odel recovered erect and rolled right corresponding ps {rps
: #)odel recovered in erect spin full-scale values.
U inner wing up Turns for
D inner wing down recovery

S——— TR
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Aileron hinge line

tf ‘»5.40*- T | -

2882" ———————

Figure 1l.- Three-view drawing of the 2—36-- scale model of the McDonnell

F2H-3 airplane as tested in the free-spinning tunnel. Center of
gravity is indicated for the take-off plus full wing-tip tank loading.
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Figure 2.- Photograph of the %- scale model of the McDonnell F2H-3 air-

plane in the clean condition.
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Figure 2.- Concluded.
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Figure 3.- Photograph of the Mw:.momwm model of the McDonnell F2H-3 ai:

plane with speed brakes installed.
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SIDE-AREA MOMENT FACTOR
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& Center of_f_gravify aBpmx. ée% T

O Center of;{ gravity approx.21%¢
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Oscillatory

/AUULLJJ/L

L L

Steady

1

Figure 4.- Effect of side-area moment factor and inertia yawing-moment
- parameter on the nature of the spin of the gs-scale model of the

* McDonnell F¥2H-3 airplane.

_480 -440 -400 -360 -320 -280 -240 -200 -60 -l20 -80 -40 O aoxig?
" INERTIA YAWING-MOMENT PARAMETER, - |

listed in teble II.)

Ix-ly
mb?2

(Points are for original airplane values
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< Revised airplane values
OOriginal airplane values

as simulated on the model e,
700 3
XIO'4' / % AN
O\
N
\S‘o/o
A 600 v O
o / / / Dy 1
o o BN
» O
b4
5| 500
£
HE 2 7
2|8 400
Ble % / /]
o|E f o3 /
é § 300 ve 7 ~
o e
2| 200
@ ////
hf<§,|oo //// ///’ ////
y a i aVava
-
R
0 v Vv
0 -100 -200 -300 -400 -500 -600x10™%
I,-T;  Relative mass distribution
mb? increased along the wings

" - Fighre 5.=- Mass-parameters for-loadings -possible.on.the F2H-3 airplane,’

n - -\



L —

NASA Technical Libr.

MR

3 1176 01438 5513

———




