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By Walter J. Klinar and Jack H. Wilson
SUMMARY - .

An investigation has been conducted in the Langley 20-foot free-
spinning tunnel to determine the effects of mass and dimensional varia-
tions on the spin and recovery characteristics of a model representative
of present-day four-place personal-owner airplane designs. The results
of the investigation are also analyzed in light of requirements for
personal-owner airplanes as set forth in Civil Air Regulations Part 3
as amended to November 1, 1949,

The investigation showed that for personal-owner, or liaison, air-
planes, satisfactory recovery characteristics can be readily obtained
even if the tail-damping power factor is not very great, provided the
recovery technique used is full rapid rudder reversal followed approxi-
mately 1/2 turn later by forward movement of the stick. Other recovery
techniques, however, such as premature movement of the stick forward
before the rudder is reversed may lead to slow recoveries for the
loading condition having mass extended along the fuselage and retracted
along the wings in combination with low values of tail-damping power
factor. Also, the results indicated that for recovery .by merely neu-
tralizing both controls, especially for rearward center-of-gravity posi-
tions, high values of tail-damping power factor may have an adverse
effect upon recoveries. Mass changes generally had an appreciable
effect on. the model spin and recovery characteristics for low values of
the tail-damping power factor but had little effect on the model spin
and recovery characteristics for high values of the tail-damping power
factor. TChanges in tail-damping power factor also had an appreciable
- effect on the spin-recovery characteristics for the loading condition
having the mass extended along the fuselage and retracted along the
wings; whereas, when mass was extended along the wihgs and retracted
along the fuselage, changes in tail-damping power factor had only little
effect. Changing the vertical- or horizontal-tail design generally had
little effect on the spin-recovery characteristics except for the loading
condition having mass extended along the fuselage and retracted along
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the wings in combination with low values of the tail-damping power

factor. Different wing plan forms had little effect on the model spin
and recovery characteristics.

The results of the investigation indicated that unless the rudder
can be designed to float against the spin, recovery from a spin by
releasing controls as is stipulated in Civil Air Regulations Part 3 as
amended to November 1, 1949 might be difficult unless the elevator can
be made to float at deflections farther down than neutral. The
investigation indicated that the other requirements for s»in recovery
by various movements of the controls as specified in the aforementioned
regulations could probably be met for the various model configurations
and mass distributions investigated by maintaining the center of gravity
at a forward position and utilizing a high tail-damping power factor.

INTRODUCTION

The investigation reported herein is part of a general investiga-
tion being conducted in the Langley 20-foot free-spinning tunnel to pro-
vide design information for proportioning personal-owner or liaison air-
planes for satisfactory recovery from spins and for spin-proofing.
Reference 1, which presents the results of spin-tunnel tests of a twin-
tail‘model, and reference 2, which presents design charts for propor-
tioning personal-owner airplanes for satisfactory spin recovery, are
previous parts of the investigation. This paper presents the results of
an investigation conducted on a low-wing single-vertical-tail model
typical of present-day four-place personal-owner airplane designs. The
investigation was conducted to provide airplane designers with spin and
recovery data for a variety of desigp configurations. The results of
the investigation have also been examined in light of the requirements
for personal-owner airplanes set forth in Civil Air Regulations Part 3
as amended to November 1, 1949 (reference 3).

The ﬁodel was investigated at two distributions of mass corre-
sponding to the approximate extremes in loadings that exist for current
single-engine personal-owner airplanes and at two center-of-gravity -

positions (25 and 40 percent of the mean aerodynamic chord). Five basic-
tail configurations were investigated (each of the tail arrangements
having various vertical locations of the horizontal tail). Most of the .= -

investigation was conducted with-a round-tip rectangular wing installed

on the model, but the effects of installing square tips on the rectan-
gular wing and the effects of installing a round- or a square-tip
tapered wing were also determined. Although no tests were conducted by
releasing controls as 1s stipulated in reference 3, sufficient tests
were conducted by .movement of the controls to specific settings so that
the recovery characteristics by releasing controls may be estimated,
provided the floating tendencies of the controls are known.
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SYMBOLS

wing span, feet

. wing area, square feet

mean aerodynamic_chofd, feet

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

ratio ofvdistance betwéen center of gravity and fuselage
reference line to mean aerodynamic chord (positive when
center of gravity is below fuselage reference line)

mass of airplane, slugs . ‘

longitudinal, lateral, and vertical body axes, respectively
(see fig. 1)

moments of inertia about X, Y, and Z body gxés,'respectively,

slug-feet2

inertia yawing-momént parameter

inertia rolliﬁg—moment parameter

inertia pitching-moment parameter

air density, slugs per cubic foot
relative density of airplane (m/pSb)

angle between thrust line and vertical (approx. equai to
‘absolute value of angle of attack at plane of symmetry),
degrees

angle between span axis and horizbntal, degrees
full-scale true rate of descent, feet per second

full-scale angular velocity about spin axis, revolutions per
second ’ ’
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)

M aerodynamic pitching moment, foot-pounds

Be elevator deflection, degrees . c. . -
dr rudder deflection, degrees \

da ‘ gileron deflection, degrees

TDPF tail-damping power factor (see reference 2)

'APPARATUS AND METHODS

Model

The model was ‘constructed principally of balsa and was reinforced
with spruce and cedar. The wing and tail units were independently
removable and interchangesble to permit the testing of any configuration.
A three-view drawing of the model in one of its most extensively inves-
tigated configurations is shown as .figure 1. Drawings of the various
wing configurations and the tail configurations investigated are shown
as figures 2 to 7, and photographs of the wings and the basic-tail
arrangements are shown as figures 8 and 9. The rectangular wing and
the wing having a taper ratio of 2:1 were investigated with both round
and square tips (see fig. 2). Most of the investigation was conducted
with a tail configuration considered to be an average-size tail for a
light personal-owner airplane. This combination of an average-size
horizontal tail and an average-size vertical tail with full-length rud-
der (hereinafter referred to as the normal horizontal &nd vertical tails,
respectively) is designated the normal tail (tail 1). The variations
from the normal tail investigated are as follows: normal vertical tail
replaced by large vertical tail with full-length rudder (tail 2), full-
length rudder of normal vertical tail replaced by a partial-length rud-
der (tail 3), normal horizontal tail replaced by large horizontal tail
(tail 4), and normal horizontel tail moved rearward and full-length rud-
der of normal vertical tail replaced by a partial-length rudder (tail 5).

For each of the five basic tails, the tail-damping power factor_ was
varied by changing the vertical position of the horizontal tail on the
vertical tail. The value of the tail-damping power factor for any given
tail arrangement is designated by the letters a, b, c,.d, e, f, and x

for the following tail-damping power factors, respectively: 50 x 10'6,

100 x 1076, 200 x 106, 300 x 1076, 600 x 1076, 1200 x 1076, and 0. For
example, tail la is the normal tail (normal vertical tail with full-
length rudder and normal horizontal tail) with the horizontal tail so
positioned vertically that the tail-damping power factor is 5C X 10-6.
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.The dimensional characteristics and designations of the various tail
configurations investigated are tabuldted in table I. The dimensional
characteristics of the model in terms of full-scale values with the
normal vertical and horizontal tails installed are listed in table II.

The model was proportioned to a size that could be conveniently °
investigated in the spin tunnel. The scale of the model was considered
to be 1/12.4, based on the model size and the average dimensions
obtained for a large number of personal-owner airplane designs. The
results are given, therefore, in terms of a full-scale airplane on the

basis of a iéLE-scale model.

- A remote-control mechanism was installed in the model to actuate

the movable controls. For recovery tests, sufficient hinge moments were
applied to the controls to move them fully and rapidly to the desired
positions. The propeller was not simulated on the model because the
results of previous tests (data unpublished) have indicated little effect
of a windmilling propeller on the spin characteristics of models of con-
ventional airplanes. Landing gear was not installed on the model inas-
much as the data presented in reference 4 indicate that extension of the
landing gear had a negligible effect on the spin and recovery
characteristics. )

Wind Tunnel and Testing Technique

'~ The tests were performed in the Langley 20-foot free-spinning tun-
nel, the operation of which is generally similar to that ‘described in
reference 5 for the Langley 15-foot free-spinning tunnel except that the
model launching technique has been changed. With the controls set in
the desired position, a model is now launched by hand with rotation into
the vertically rising air stream. After a number of turns in the estab-
lished spin,-a recovery attempt is made by moving one or more controls
by means of the remote-control mechanism. After recovery, the model
dives into a safety net. The spin data obtained are then converted to
corresponding full-scale values by methods also described im reference 5.
A photograph of the model used in this investigation spinning in the tun-
nel is shown as figure 10. '

In accordance with standard spin-tunnel procedure, tests were per-
formed to determine the spin and recovery characteristics‘of the model
for the normal spinning control configuration (elevator full up,
ailerons neutral, and rudder full with the spin) and for various other
alleron-elevator combinations including neutral and maximum settings of
the control surfaces for the various model loadings and configurations.
Recovery was generally attempted by rapid reversal of the rudder from
with to against the spin or to neutral. Recoveries were also attempted
by moving the elevator or ailerons in conjunction with the rudder.
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Turns for recovery are measured from the time the controls are
moved to the time the spin rotation ceases. The criterion for a satis-

factory recovery from a spin for a model has been adopted as 2% turns or

less, based primarily on the probable loss of altitude of a corresponding
airplane during the recovery and subsequent dive.

For recovery attempts in which the model struck the safety net
before recovery could be effected because of the increase in spin radius,
because of the wandering nature of the model after the rudder was
reversed, or because of an unusually high rate of descent, the number of
turns from the time the controls were moved to the time the model struck
the safety net was recorded. This number indicated that the model
required more turns to recover from the spin than shown, as for
example >5. A >2-turn recovery, however, does not necessarily indicate
an improvement when compared with a >5-turn recovery. Recovery attempts
for those conditions in which the model failed to recover in less than
10 turns is indicated by «. In some instances, recovery attempts were
made before the model had reached its final steep attitude because the
model rate of descent was higher than could be easily controlled in the
tunnel. Such recovery data are noted in the charts as "recovery

attempted before model reached its final -steep attitude." Recovery

results so obtained are considered conservative; that is, the recoveries
are somewhat slower than those that would have been obtained had the
model been in its final steep spin attitude. If the model recovered
without control movement when }aunched in a spinning attitude with the
controls set for the spin, the condition was recorded as "no spin."

!
K]

Model Recovery Requirements

Sufficient tests were conducted to determine whether the various
configurations tested would satisfactorily meet established spin-tunnel
requirements for satisfactory recovery. One of these requirements is

that a model recover within 2% turns when the control settings are

deviated slightly from the normal spinning control configurstion and the

rudder is not fully reverséd. This criterion for recovery has been -

applied to military airplanes at the Langley 20-foot free-spinning tun-
nel. For satisfactory recovery by rudder reversal alone for the present
model the ailerons were set 1/3 of their full deflection in the direc-
tion conducive- to slower recoveries, the elevator was set to either 2/3
of its full-up position or to its full-up position (depending on which
gave the slower recoveries) and .the rudder was reversed from full with

to only 2/3 of its full deflection against the spin. In addition, suf-
ficient tests were also conducted to determine whether the model would
recover when the ailerons and elevator were deviated from the normal A
spinning control configuration as Jjust described when both the rudder and
elevator were reversed.
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It was also desired to compare the results of the tests with the
data presented in reference 2, which presents tail-design requirements
for satisfactory spin recovery for personal-owner airplanes. In refer-
ence 2 the design charts presented for recovery by rudder reversal only
were obtained from model spin tests by assuming satisfactory recovery

if the model recovered within 2% turns after rudder reversal from any

elevator position with ailerons at neutral. This criterion was used in
place of the one mentioned in the previous paragraph because of the then-
limited existing data applicable to personal-owner aircraft. ‘At the

time of publication of reference 2 it was believed that this criterion

was more rigid than the previously noted military-airplane criterion and
it was also believed that the tail of a light plane should be sufficiently
powerful to terminate the spin by rudder reversal alone without the :
assistance of the elevator. Reference 2 provides tail-design data for
spin recovery for the low range of relative densities common to personal-
owner airplanes not provided for in reference 6.

The present investigation was also intended to be extensive enough
to determine the configurations most likely to meet the spin-recovery
requirements of reference 3.  The requirements are summarized briefly
as follows: 4 '

For an airplane licensed in the normal category:

(1) A l%—turn recovery after a l-turn spin by releasing controls
~(controls assisted to 'extent necessary to overcome friction)

(2) "Uncontrollable spin" check - airplane capable of recovering
from a l-turn spin with ailerons at neutral by first completely reversing
elevator and then, if necessary, fully reversing the rudder

For airplanes licensed in. the acrobatic category:

(1) A 4-turn recovery after 6 turns of the spin by releasing

" controls

(2) Recovery from a 6-turn spin in l% additional turns after neu-

‘tralization of rudder and elevator, ailerons at neutral

(3) "Uncontrollable spin" check - airplane capable of recovering
from a 6-turn spin with ailerons at neutral by first completely reversing
elevator and then, if necessary, fully reversing the rudder
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(4) Recovery from "abnormal spins" - a 2-turn recovery after 6 turns
of the spin with ailerons initially either full with or full against the
spin by neutralizing ailerons and fully reversing rudder and elevator

(5) A l%;turn recovery from a l-turn spin by neutralization of
rudder and elevator with flaps and landing gear extended

The results of the investigation presented herein are not rigidly
applicable to the requirements of reference 3 for airplanes certified
in the normal category because an airplane is still in the incipient
phase of the spin at the end of 1 turn, whereas the model test data
are obtained for the fully developed spin. Inasmuch as recovery is
usually much more readily obtained from an incipient spin than from a
fully developed spin, the data presented herein are probably somewhat
conservative for airplanes that are to be certified in the normal
category. For airplanes certified in the acrobatic category, however,

.the data’are generally applicable because an airplane is considered to
be in a fully developed spin after 6 turns.

The number of turns required for the model to recover from spins by
movement of the controls is not taken as an exact indication of the num-
ber of turns required for recovery of a corresponding airplane. A cor-
responding airplane would be expected to recovery -satisfactorily, how-

ever, in those instances in which the model recovers within 2% turns.

Inasmuch as the number of turns acceptable for satisfactory recovery is
different for each of the various spin requirements of reference 3, and
inasmuch as the controls on the model used in this investigation were
moved somewhat differently from the control movements specified in ref-
erence 3, it was necessary to have some means for” interpreting the model
data in terms of the airplane requirements. The full-size airplane re-
quirement and the corresponding model condition used in this investi-
gation are tabulated as follows: ' '
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Requirement for airplane

Corresponding model condition

tralization of rudder and
elevator

Recovery in oL turns or less by simul-

Recovery ﬁithin l% turns by neu-.

taneous neutralization of rudder and
elevator, ailerons set 1/3 with or
against the spin and elevator set
either full up or at 2/3 its full-
up deflection

Uncontrollable spin’check -
recovery by first reversing
elevator and then, if
necessary, reversing rudder

Model either incapable of spinning

with elevator down, ailerons dis-
prlaced somewhat from neutral, and
rudder full with the spin or. capa-

ble of recovery within 2% turns
after rudder reversal with elevator
full down and ailerons displaced
somewhat from neutral

Recovery from abnormal spins -
recovery in 2 turns by neu-
tralization of ailerons (from

~full-with or full-against
settings) and reversal of
rudder and elevator

Recovery by simultaneous full reversa

of rudder and elevator within H
2% turns from spins with elevator
set to full up and the ailerons set ’
full with or full against the spin

Although no recoveries were attempted by releasing controls, the
tests conducted by movement of the rudder from initial settings 30° and
15 with the spin to neutral and against the spin indicate the nature of
the result that might be expected for 5 different floating positions of

the rudder after control release:
and 15° and 30° against the spin.

300 and 15 with the spin, neutral,
Recoveries by releasing controls were

not attempted on the model because it was believed that the results so
obtained would not give an accurate indication of recoveries that might
be expected on a corresponding airplane after control release for the
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following reasons: The control surfaces of the model were not ballasted
to simulate full-size control surfaces, the frictional forces between
the model and the corresponding full-scale airplane would probably be
different, and the hinge-moment characteristics of the small model con-
trol surfaces might be appreciably different from those of a full-scale
airplane. 1In addition, the recovery characteristics of a model obtained
by a positive control movement are little affected by the aerodynamic ‘
balance on the control surfaces; whereas the type of aerodynamic balance
might greatly influence the recovery characteristics obtained when the -
controls are released. Thus it appears that the recovery results pre-
sented herein obtained by movement of the controls can be applied to
estimate the recovery characteristics of a similar airplane, regardless
of the type of aerodynamic balance on the control surfaces, provided the
floating characteristics of the controls on the full-scale airplane are
known. Floating characteristics for certain control surfaces at spin-
ning attitudes as obtained from static data are given in references 7
and 8. :

. It should be noted that the rudder was moved rapidly to a given
setting, the elevator and the ailerons being set to predetermined set-
tings, for these tests, whereas the control-surface movements of a full-
scale airplane after control release may be changing continuously as the
air flow about the control surfaces changes during the recovery process.
Nevertheless, it is believed that some indication of the  positions to
which the controls must float for recovery is given by the test data.

PRECISION
The spin results presented herein are believed to be the true

values given by the model within the following limits:

A, degrees . . .. . u u w v e e e e e e e e e e

B o |

Bodegrees . . . . ... u L e e e e e e e e e e e e e on

V, percent . . . . . . .. P T )

Q, percent . . . . L0 L 0L w0 0. .. B 24
Turns for recovery: _

When obtained from motion-picture records . . . . . . . . . .. +1/4

When obtained by visual estimate . . . . . . . . . . ... ... #/2

The preceding limits may have been exceeded for certain 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 oscillatory nature
of the spin. '
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Comparison between model and airplane spin results (reference 9)
indicates that spin-tunnel results satisfactorily predict full-scale
recovery characteristics 90 percent of the time and that, for' the
remaining 10 percent, the model results are of value in predicting some
of the details of the full-scale spins. In general, when the model spun
at an angle of attack less than 45° the corresponding airplane spun at a
flatter angle of attack,'and when the model spun at an angle of attack
greater than 45° the corresponding airplane spun at a steeper attitude.
The comparison presented in reference 9 also indicated that generally
the model inner wing was tilted less downward and the altitude loss per
revolution was less than that of the corresponding airplane. It was
also indicated that the corresponding airplane would spin at greater or
lower rates of rotation than the model, depending on whether the tail-
damping ratio (reference 2) was greater or less than 0.02, respectively.

Because of the limits of accuracy within which the model could be
ballasted and because of inadvertent damage to the model during tests,
the measured weight and mass distribution of the model varied from the
selected values by the follow1ng amounts:

‘Weight, percent . . . v v v v v v v w e e e e e e 1 low to 4 high
Center-of-gravity location, percent T ,'. . .« . @ forward to 3 rearward
Moments of inertia: "
Ix, percent . . . . . . . . . . . . .. ... ... .01low to 10 high
Iy, percent . . . . . . . .. ... ... ... ... 21lowto 6 high
Iy, percent . . . e s w4 e e e v s 4w 4 v 4w e v . 11lowto9high

The accuracy of measuring the weight and mass dlstrlbutlon of the
model is believed to be w1th1n the following llmlts

Weight, percent . . . . e e e e e e e e e e e N 4
Center-of-gravity locatlon, percent [ |
Moments of inertia, percent . . . . . . . . . . . . ... .. .. )

Control settings were made with an accuracy of +1°,
TEST CONDITIONS

Tests were performed for the model conditions llsted in table III,
The mass characteristics and mass parameters for the loading condltlons
tested on the model have been converted to corresponding full-scale
values and are tabulated in table IV. For the tests, the model was bal-
lasted with lead weights to represent the airplane at an altitude of
5,000 feet (p = 0.002049 slug/cu Tt) The weight and moments of inertia
of the model were selected on the bas1s_of dimensions of an airplane
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typical of this type. Loadings 1 and 1' in table IV correspond closely
to normal distributions of mass for an airplane proportioned similar to
the model, but loadings 2 and 2' (mass extended along the fuselage and
retracted along the wings) correspond to a mass change from the normal
loading condition or to a loading that might normally be expected for
an airplane having a relatively longer fuselage than the model.

Loading 1 is referred to herein as the normal loading.

Each configuration tested on the model was usually tgsted with two
maximum rudder deflections: 300 right to 30o left and 15 right to 150
left. The rudder was also neutralized from initial settings 300 and 159

with the spin.’ The maximum control deflections used for the ailerons
and elevator were: '

Elevator : ‘
Up, degrees . . . . . .. ... .. ... . . . . ... ..., 30
Down, degrees . . . . . . . . . o o e e e .. 20

Ailerons ' . :

Up, degrees . . . . . . . . . .. ... e+ s .. 20
Down, degrees . . . . . . . . .. .. ... ... c v e . .. 20

The intermediate elevator and aileron deflections used.are indicated in
the charts. . ) : '

Although the range ofAtail-damping power factor investigated
extended from O to 1200 X 107, most of the tests were conducted for two

tail-demping power factors, 50 x 10~ and 600 x 10™°. In addition, most
of the investigation was conducted with the rectangular wing with round
tips installed on the model, and only random checks were conducted with
the other wing arrangements installed.

RESULTS AND DISCUSSION

The results of the spin tests of the model are presented in charts 1
to 69 and in table V.. The model spin data are presented in terms of
the full-scale values for a corresponding airplane at a test altitude
of 5,000 feet. The results of the tests are arbitrarily presented in
terms of equivalent right spins, that is, for the airplane turning to -
.the pilot's right. Unless otherwise indicated, the data discussed
herein are for the following model configuration: the rectangular wing

with round tips shown in figure 2 and the normsl tail shown in figure 3
and table I. :
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In some cases, the only steady-spin data that are presented in the
. charts for certain spin control configurations are the values of the
vertical velocity. The data were limited to the vertical velocity in
instances when the nature of the spin was so wandering or the spin
radius so wide that the model could not be maintained in the tunnel long
enough to obtain any of the other spin data or when the motion-picture
records were not clear. Additional data for these spins can be obtained
from figures 11 and 12 which were prepared from all the test data and
indicate the approximate angle of attack and the approximate rate of
rotation that may be expected for a given control setting at a given
loading condition provided the rate of vertical descent is known. The
plot of vertical velocity against angle of attack in figure 11 is analo-
gous to plotting drag coefficient against angle of attack inasmuch as
the weight of the model and the density of the air during the investiga-
tion remained nearly constant. Data in figure 11 check very closely
with similar data presented in reference 10 for a group of different
. monoplane models having wings and fuselages of proportions similar to
the present model, and comparison of these data indicate that drag coef-
ficient in spins is relatively independent of sideslip, rate of rotation,
and, to some extent, model configuration. Figure 12 presents the
approx1mate rate of rotation plotted against the angle of attack for
various elevator settings. By use of Euler's equation of motion

2 _ -M
%(IZ - Ix) sin 2a

the rate of rotation in steady spins is shown to be a function of the
aerodynamic pitching moment and angle of attack for a body having con-
stant moments of inertia. Inasmuch as unpublished spinning-balance data
for a model of proportions similar to the present model indicate that the
aerodynamic pitching moment was generally only little affected by side-
slip in a spin, the plot presented in figure 12 seems to be Justifiable.

For this model the helix angle, the angle between the flight path
and the vertical, was approximately 9°. The angle of sideslip at the
center of gravity equals the angle between the span axis and horizontal (¢)
minus the helix angle. (Sideslip at the center of gravity of a model
in a spin is inward when the inner wing is down by an smount greater
than the helix angle.)
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Effect of Variation in Tail-Damping Power Factor for
the Normal Loading and Normal Tail

The results of the model tests obtained with the normal horizontal
tail installed at various vertical positions on the normal vertical tail
(IX - Iy

are shown in charts 1 to 6 for the normal loading = 0, center

mb2
of gravity at 25 percent T ).

As might have been anticipated from reference 11, which indicates
the relative effectiveness of the controls for various mass distributions,
the data indicate that setting the elevator up and the ailerons with the
spin tended to flatten the spin and retard the recoveries attempted by
reversal of the rudder alone; whereas elevator-down and aileron-against
settings were the most favorable control settings for recovery. For

(Ix - Iy
for this distribution of mass — =0

mbe -
the rudder alone appeared to be little affected by an increase of the

tail-demping power factor from a low tail-damping power factor of

50 X lO'6 to the high tail-damping power factor of 600 x'lO_6, The test
data indicate that a corresponding airplane utilizing a rudder deflec-
tion of *30° will probably not recover satisfactorily by rudder reversal
alone unless the tail-damping power factor is somewhat in excess of

1200 x 10'6. This value is based on the spin-tunnel criterion requiring
recovery in 2% turns by rudder reversal alone to only 2/3 of its full

‘this relatively forward center-of-gravity p3sition (25 percent T) and

» recoveries by reversal of

deflection against the spin when the .ailerons are deviated somewhat from
neutral (1/3 with the spin, the adverse setting for this loading). It
should be noted that the other spin-tunnel criterion previously ais-
cussed requiring satisfactory recovery by full rudder reversal from all
aileron-neutral spins apparently is the less rigid of the two criterions,
especially when the rudder movement is 30°. It should also be noted
that although limiting the rudder deflection to *15° steepened the spin
somewhat, both of the aforementioned criterions apparently became more
difficult to meet. The data indicate that by increasing the tail-

damping power factor to 1200 x 10'6_satisfactory recoveries could be
obtained by rudder reversal to 150 against the spin from all.aileron-

- neutral spins, but the tests were not extensive enough to indicate the -

tail-damping'power factor required for meeting the other spin criterion
for the #15% rudder deflection. Although the tail-damping power factors
required for satisfactory recovery by rudder reversal alone are indi-
cated to be excessively large to satisfy both spin-tunnel criterions,

the data show that a corresponding full-scale airplane proportiocned
similar to the model would be expected to have satisfactory spin-recovery
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characteristics for a tail-damping power factor as low as 50 X 10'6,

even when the rudder deflection is reduced to il5°, by normal use of

the controls (full reversal of the rudder followed approximately 1/2 turn
later by movement of the elevator to full down).

An increase in tail-damping power factor from 50 X 1076_to as much
as 1200 X lO'6 was indicated to have little effect on the recoveries
obtained by neutralization of the rudder. The data indicate that satis-
factory recoveries could be obtained by neutralization of the rudder,
provided either the ailerons were moved to against the spin or the ele-
vator was moved downward to neutral or to somewhat beyond neutral,
depending on the amount of aileron deflection with the spin. Similar
results were obtained by neutralizing the rudder from an initial rudder
setting either 30° or 15° with the spin.

Effect of Changing the Mass Distribution

Comparison of charts T to 16 with charts 1 to 6 shows the manner -
in which the spin and recovery characteristics were affected by -
extending mass along the fuselage and retracting mass along the wings
(loading 2). This loading may occur on an airplane having proportions
'similar to thosé of the model used in the investigation when weight is
added to the fuselage and when fuel in the wings is consumed. On the
other hand, loading 2 might be expected to be a more nearly normal ’
loading for a single-engine airplane having a relatively longer fuselage
length compared with the wing span than the present model. If this
increase in fuselage length should be primarily an increase in tail
length, the data presented herein would be expected to be somewhat
conservative. (See reference.l2.)

Comparison of charts 7 to 16 with charts 1 to 4 indicates that
extending mass along the fuselage and retracting mass along the wings
generally flattened the spin somewhat and decreased the rate of rotation,
particularly when the initial rudder setting was 300 with the spin. 1In
addition, although increasing the tail-damping power factor had little
effect on the spin-recovery characteristics at the normsl loading, -
changes in tail-damping power factor had an appreciable effect on the
spin-recovery characteristics at this loading. The relative effects of
ailerons and elevator on the spin-recovery characteristics were now
found to be quite different from those obtained at the normal loading .
for low values of the tail-damping power factor; however, for high
values of the tail-damping power factor the relative effects of ailerons.
and elevator were not appreciably changed. As can be seen from the data
presented in chart | for a tail-damping power factor of 50 x 1077,
setting the. ailerons with the spin generally led to the steepest spins
and this setting was usually the most favorable for recovery,



16 - ' , NACA TN 2352

aileron-against-settings generally led to flatter spins and had an
adverse effect on recoveries for a i30° rudder deflection. These
effects are the.reverse of those obtained with the normal loading.

When the rudder deflection was limited to only 1150, however, the | .
results presented in chart,8 indicate that aileron-with settings had an
adverse effect on recoveries for up settings of the elevator. Steep
spins and fast recoverles were still obtained when the ailerons were
displaced full with the spin for elevator neutral and down settings,
however. ‘ ’

According to the study presented in referente 1Y, it would have
been expected that the spin control configuration with the elevator up
and allerons with the spin might always be the most favorable control

: Iy - Iy - 4
setting for recovery for this loading <——7;§——,= -120 X 10 because

. m .
the attitude of the model at this control setting and the loading of
the model are such that the inertia yawing moment (approx. equivalent
to (Ix - Iy) 02 cos a sin § in a steady spin) will be the most nega.-
tive for this control setting and will act in a sense to oppose the
spin. Reference 1l also indicates that for this loading, when the ele-
vator is down and the ailerons are against.the spin, the inertia yawing
moment is such as to aid the spin and retard recoveries; this result is

- true for these tests. .The poor recoveries obtalned from the elevator-

up and aileron-with spins by rudder reversal from 15° with to 15° against
the spin might be attributable to the fact that reduction in the rudder
deflection from 30o to 150 with the spin resulted in less outward side-
slip at the tail. This reduction in outward sideslip in combination

_'with the reduced rudder deflection apparently reduced the effectiveness

of the rudder in applying a yawing moment opposing the spin rotation.

The data presented in charts 7 to 16 show that as the tail-damping

power factor was increased from 50 X 107~ to 600 X 10~ ° the recoveries
from the elevator-down, aileron-against spin gradually improved, the
recoveries being considered satisfactory by full rudder reversal to 15°
or. 30° against the spin for the tail-damping power factors of 200‘x‘10'6
and higher. Thus, despite the fact that the inertis yawing moment was
aiding the spin for this control position, the aerodynamic yawing moment
opposing the spin eventually became great enough to terminate the spin
satisfactorily at the higher values of tail-damping power factor because
of the -great amount of outward sideslip at the tail for this control
setting and the large effective fin and rudder ares exposed to the air

‘stream. On the other hand, it was questionable whether the recoveries

were satisfactory for some of the aileron-neutral and aileron-with spins
when the elevator was full up even for tail-damping power factors in

excess of 50 X 10'6, partiéularly for the spin with ailerons displaced
1/3 with the spin when the rudder was not quite reversed to its :
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full-against setting. In these instances, the model continued to turn
at a stalled angle of attack after rudder reversal, but the motion could
not be observed for a long enough period to determine the final outcome,
usually because of the fast rate of descent and because of the wide
radius and wandering nature of the spin after rudder reversal. It
should be noted that these recovery attempts were by rudder reversal
alone, the elevator and the ailerons being maintained at their initidl
full-up and full-with settings, respectively. Chart 7 indicates that,
for the tail-damping power factor of 50 X 10-9, the recoveries attempted
by simultaneous full reversal of rudder to 30° against the spin and
movement of the elevator to 20° down from all elevator-up spins were
rapid. The data trends for the other tail-damping power factors inves-
tigated also indicate that, regardless of whether the rudder is deflected
to 300 ‘or l5° against the spin for recovery, movement of the elevator
down after rudder reversal would have enabled the model to recover
rapidly for the range of tail-demping power factors investigated. The
results obtained at this loading when a larger horizontal tail was
installed on the model (chart 54) and the similarity of the spin -and -
recovery characteristics to those obtained for the normal tail (compare
charts 54 and 15) also indicate that clearly defined recoveries would
have been obtained from aileron-with, elevator-up spins with the normal
tail installed on the model, regardless of the value of the tail-damping
power factor, by neutralization of the ailerons in conjunction with
reversal of the rudder to 30° against the spin. '

Charts 7 to 16 indicate that the effects of reducing the rudder
deflection from *30° to il5o for this loading were similar to those
noted for the normal loading. As was the case for the normal loading,
the model results indicate that the recovery characteristiés of a
similar full-scale airplane’ should be satisfactory by normal use of the
controls (rudder reversal followed approx. 1/2 turn later by elevator
reversal) for tail-damping power factors even as low as 50 X 10-9, The
recovery characteristics by neutralization of the rudder were somewhat
similar to those obtained at the normal loading except that poor
recoveries were now indicated to be obtained for aileron-against and
elevator-down settings for low values of tail-damping power factor.

Effect of Moving the Center of Gravity Rearward

The data presented in charts 17 to 25 show the results obtained
with the center of gravity positioned at 40 percent of the mean aero-
dynamic chord. Comparison of these data with the data presented in .
charts 1 to 16 indicate that for either loading a rearward movement of
the center of gravity from 25 to 40 percent of the mean aerodynamic
chord generally flattened the spin attitude somewhat and decreased.the
rate of rotation. The relative effects of elevator, ailerons, and tail-
damping power factor on the recoveries obtained by reversal of the
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rudder alone (i30° or 1150) were indicated to be approximately the same
as obtained at the 25-percent mean-aerodynamic-chord location except
that recoveries were generally improved from spins with the elevator at
near full up when ailerons were partially or full with the spin. These
data also indicate that recoveries by normal use of controls (rudder
reversal followed approximately 1/2 turn-later by movement of the ele-
vator to full down) should enable a corresponding airplane to recover

satisfactorily for tail-damping power factors even as low as 50 x 10'6,
as was the case for the normal center-of-gravity location. The data
indicate that, when the center of gravity was moved rearward from

25 percent (normal) to 40 percent of the mean aerodynamic chord and the
rudder was only neutralized for recovery, poor recoveries were extended
to further downward settings of the elevator. (Compare charts 1 to h, 7, €
15, and 16 with charts 17 to 20 and 22 to 25.) The rudder-neutralizsation -
tests also indicate that increasing the tail-damping power factor by
raising the position of the horizZontal tail on the vertical tail also
caused poor recoveries.to extend to lower elevator settings when the
center of gravity was placed at 40 percent of the mesan aerodynamic chord.
(Compare charts 17, 18, 22, and 23 with charts 19, 20, 24, and 25.)

Thus, raising the horizontal tail on the vertical tail when the center
of gravity is at a rearward position seems to have the same effect as an
additional rearward movement of the center of gravity. Spinning-force
data presented in reference 13 for a model of proportions similar to the
model used in the present investigation substantiate this opinion inas-
much as it is indicated that a horizontal tail mounted at a low position
on the vertical tail for a low-wing model usually contributes a more-
nose-down pitching moment at spin attitudes than when 1t is mounted at

a high position oh the vertical tail. :

The data presented in the aforementioned charts indicate that

. neutralization of rudder and elevator (elevator and aileron settings
initially deviated slightly from the normal spin control configuration)
led to satisfactory recoveries for low and high values of teil-damping
power factor for the normal center-of-gravity position, but the data
obtained with the center of gravity at 40 percent of the mean aerodynamic
chord indicate that neutralization of rudder and elevator would result
in satisfactory recovery characteristics only for low positions of the

- horizontal tail on the vertical tail (low values of the tail-damping
power factor). Examination of the low-wing model used in the investiga-
tion reported in reference 13 and the low-wing model used in the present
investigation indicates that this result is probably attributable to
wing interference effects, a low horizontal tail being less affected by
the influence of the wing at spinning attitudes than a high horizontal
tail. Thus it might be expected that, if the wing were installed at a
high position on the fuselage, recoveries by simultaneous neutralization
of rudder and elevator might not be so critically dependent on the
horizontal-tail height. Analysis of the spin-model data and the force
data presented in reference 13 indicates that if the tail-damping power
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factor had been increased on the present model by means other than by
raising the position of the horizontal tail on the vertical tail (by
adding ventral-fin area or by increasing tail length, for example)
recoveries by simultaneous neutralization of rudder and elevator for
high tail-damping power factors would be expected to be as good as or
better than those obtained for low values of the tall-damping power
factor.

Effect of Changing .the Tail Size and Tail Arrangement

The effect on the model spin and recovery characteristics of
replacing the normal vertical and horizontal tails by different tail
arrangements are indicated in the following charts: normal vertical
tail replaced by a large vertical tail (2-series tails, fig. 4), charts
26 to 35; normal vertical tail replaced by a tail of the same size but
having a partial-length rudder (3-series tails, fig. 5), charts 36
to 43; normal horizontal tail replaced by a large horizontal tail
(4-series tails, fig. 6), charts 4k to 57; and normal vertical tail
replaced by a tail of similar size but having a partial-length rudder
with the normal horizontal tail moved rearward (5-series tails, fig. T),
charts 58 to 63. .

The results of these tests indicate that the model recovery charac-
teristics were somewhat similar to those obtained when the normal verti-
cal and horizontal tails were installed on the model. The most notice-
able change in the model spin recoveries occurred for the loading with
mass extended along the fuselage and retracted along the wings

Ix - Iy
mb2

the data indicate that the large vertical tail and the tails having a
partial-length rudder generally had favorable effects on recoveries
attempted- by full reversal of the rudder from the aileron-against,
elevator-down spins, whereas the large horizontal tail affected
recoveries from these spins adversely.

= =120 X 10'“) for low values of the tail-damping power factdr;

The data obtained for the rearward center-of-gravity position indi-
cate that, although recoveries by simultaneous neutralization of rudder
and elevator were satisfactory.far the normel tail for a tail -damping

power factor of 50 X lO'6 and unsatisfactory for higher values of the
tail-damping power factor, when the large vertical tail (2-series tails)
was installed or when the full-length rudder was replaced with a
partial-length rudder (3-series tails) unsatisfactory recoveries were

now obtained even for a tail-damping power factor as low-as 50 X 10~ 6
As has beén explained previously for the normal tail, a low horizontal-
tail position apparently contributed a more-nose-down pitching moméent .
and was more effective in bringing about recovery by simultaneous
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neutralization of rudder and elevator than a high horizontal-tail posi-
tion for rearward positions of the center of gravity. Thus the poor
recoveries obtained when the partial-length rudder was installed on the

model for the tail-damping power factor of 50 X 10'6 may be attributable
to the fact that the horizontal tail had to be mounted at a relatively
high position on the vertical tail to cobtain this value of tail-damping
power factor (see table I and fig. 5). Data presented in table V sub- .
stantiate this opinion inasmuch as it is shown that when the horizontal
tail was lowered to the bottom of the fuselage, making the tail-damping
power factor O for the tail having the partial rudder (tail 3x),
recoveries by simultaneous neutralization of rudder and elevator were
indicated to be satisfactory. The fact that the model did not recover
satisfactorily by neutralization of rudder and elevator for the tail-

damping power factor of 50 X 10'6 when the large vertical tail was
installed may be attributable to the relatively flat spins obtained
which made the controls somewhat ineffective in terminating spins.

Effect of Wing Shape

Most of the investigation made to determine the effects of the dif-
ferent wing plan forms was performed for only the normal-tail configura-
tion installed on the model and for a tail-damping power factor of

50 X lO"6 (tail la in fig. 3) inasmuch as it was felt that any differ-
ences in the results for the different wing plan forms would be mani-
fested for this tail arrangement. Brief tests were:-also made with the
tail arrangement having the normal horizontal tail replaced by a large
horizontal tail. As is shown by charts 50 to 53 and by comparison of
charts 64 to 69 with charts 7, 8, 17, and 18, the model spin and recovery
characteristics were essentially the same regardless of whether the
rectangular wing with either round or:square tips or the tapered wing
with either round. or square tips (fig. 2) was installed on the model.
Previous spin-tunnel data (references 14 to 18) indicate that a rectan-
gular wing with a square tip generally gave faster recoveries than
either a round-tip tapered wing or a rectangular wing with a round tip.
Comparison of the current model with the model used in the previously
reported investigations indicates that the current model more nearly
simulated a present-day personal-owner alrplane as regards the over-all
proportions, relative density u, and moments of inertia and also that
the current model had 6° positive dihedral in the wing, whereds the
previously investigated model had no dihedral. 1In addition, no data are
presented in references 14 to 18 for any aileron-with or aileron-against
spins so that the control configurations for which the data can be com-
pared are limited to only aileron-neutral spins. In view of these dif-
ferences, the results obtained for the current investigation are expected
to be more nearly applicable for present-day personsl-owner airplanes
than the previously reported data.



NACA TN 2352 ' -

Application to Various Recovery Techniques

The results of the investigation presented herein are generally
applicable when recovery is attempted from fully developed spins but the
data are considered conservative for recovery attempts made from incipi-
ent spins. (As stated previously, an airplane is still in the incipient
phase of the spin at the end of 1 turn.)

Recovery by releasing controls.- A simplified summary of the
results showing aileron-elevator combinations estimated to give probable
good and bad recoveries for five floating positions of the rudder fol-
lowing release of the controls is shown in figures 13 to 16 for the
normal tail (l-series tails, fig. 3). To be conservative, recoveries
of a gquestionable nature are indicated as being unsatisfactory. Inas-
much as conventional ailerons tend to float with the spin and conven-
tional elevators ténd to float at up positions after control release
from spinning attitudes, the information presented in figures 13 to 16
indicate that it is desirable to have the rudder on a corresponding
airplane float as far against the spin as possible in order to obtain
recoveries from spins by releasing controls. If the rudder floats only
to neutral after control crelease and the assumption is made that the
ailerons float somewhat with the spin, figures 13 to 16 show that the
elevator must float to near neutral for a normal position of the center
of gravity and to below neutral for rearward positions of the center of
gravity, particularly for the higher values of the tail-damping power
factor. It should be noted that the one instance when elevator-full-up
floating tendencies were indicated to be desirable was for the rearward
center-of-gravity position (figs. 15 and 16), provided the ailerons did
not float with the spin and the rudder floated to at least neutral after

' Iy - T
control release. For the normal distribution of mass (‘K‘gﬁ"z =0},

m -

aileron-against and elevator-down floating tendencies. were desirable and
were indicated to lead to satisfactory recoveries for all tail-damping
power factors even though the rudder may float as much as 30° with the
spin for a forward position of the center of gravity (fig. 13) and as
much as 15° with the spin for a rearward position of the center of grav-
ity (fig. 15). For the loading condition having mass extended along the

Ix - I .
fuselage and retracted along the wings (32———£! = =120 X J.O'LF aileron-

mb?
against, elevator-down configurations were indicated to have an adverse
effect on recoveries for low values of the tail-damping power factor but
were indicated to have a favorable effect for high values of the tail-
damping power factor, provided the rudder floats to neutral or against
the spin after control release (figs. 14 and 16).

Information presented in reference 7 indicates that the most
‘desirable type of rudder balance for obtaining rudder floating angles
against the spin appears to be & horn balance, that a nose overhang
balance will tend to increase the elevator-up floating tendencies, and
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that a beveled trailing edge will decrease the elevator-up floating
tendencies at spinning attitudes. In addition, it appears that by sub-
stituting spoiler ailerons for the conventional ailerons the adverse
effects encountered by conventional ailerons floating with the spin
would be reduced, inasmuch as it 1s believed that gpoiler ailerons would
tend to float less with the spin after the stick is released.

The data indicate that with the other tails installed the recovery
characteristics by control release would be approximately as indicated
for the normal tail. It should be noted, however, that even for the
loading condition having mass extended along the fuselage and retracted

along the wings (EX..EEX'= -120 X 10'“) elevator-down and aileron-
against-the-spin floating tendencies were indicated to lead to satis-
factory recoveries though the rudder may float as much as 15° with the
spin for low as well as for high values of tail-damping power factor
when the large vertical tail was installed on the model. Similar

results were obtained when the tail with the partial-length rudder having
a tail-damping power factor of 600 X 107° was installed on the model
“(tail 3e). These results are probably attributable to the fact that,
-because of the outward sideslip induced by setting the elevator to down
and the ailerons against the spin, there was a large aerodynamic yawing
moment opposing the spin for these tall configurations when the rudder °
deflection was limited to only 15° with the spin. ‘

Recovery from uncontrollable and abnormsl spins.- The data
presented in the charts indicdte that no difficulty will be encountered
in recovering from abnormal spins for any of the loadings, tail-damping
power factors, or tail variations investigated, provided elevator
reversal does not precede the reversal of the rudder during the'récovery
procedure. The technique specified for recovery from abnormal spins 1is
neutralization of ailerons and full reversal of rudder and elevator,
ailerons initially displaced full with or full against the spin. The
data further indicate that high values of the tail-damping power factor
will lead to satisfactory recoveries from abnormal spins even though the
elevator reversal may precede rudder reversal.

It was indicated that unsatisfactory recoveries might be obtained
from uncontrollable spins on a corresponding alrplane (recovery from
aileron-neutral spins required by reversing elevator followed by rudder
reversal if necessary) for the loading condition having the mass extended
' o (Ix - Iy -u)

along the fuselage and retracted along the wings -——;5—— = -120 x 10
: _ m
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- for the normal tail unless the tail-dam ging power factor is at least

of the order of 100 x 10-6 to 200 x 10- Unsatisfactory recoveries
may also be obtained from uncontrollable spins for this loading for
the large-horizontal-tail arrangement unless the tail- -damping power
factor is somewhat in excess of 300 X 10-6., For the normal distri-

N mb2
to be obtained from uncontrollable spins for all tails and tail-demping
power factors by reversal of both elevator and rudder for a *30° rudder -

deflection and by reversal of the elevator alone when the rudder de-
flection was limited to +150,

. : B ¢
bution of mass GEE———X =(9, satisfactory recoveries were indicated

Recovery by neutralization of rudder and elevator.- The data
presented in the charts, table V, and figure 17 indicate that for the
range of tail-demping power factors and the tail configurations inves-
tigated, satisfactory recoveries will be obtained by neutralization of
rudder and elevator if the center of gravity is maintained at a forward
position. For rearward positions of the center of gravity, recoveries
by neutralization of rudder and)elevator were indicated to be satis-

factory for tail-demping power factors of 50 X 10'6 but probably unsat-
isfactory for higher values of the tail-damping power factor, with the
exception of the 2-series tails (large vertical tail) and the 3-series
tails (partial-length rudder), which were indicated to lead tq unsatis-
factory recoveries for tail-damping power factors of 50 x 10~° as well
as for higher values of the tail-damping power factor. As has been
explained previously, the high tall-damping power factors were not so
effective as the low tail-damping power factors for this particular
manipulation of the controls probably because of the effect of
horizontal-tail height on the pitching moment, the low horizontal-tail
positions (low tail-damping power factors) giving,a_more-nose-down
pitching mament than the high horizontal-tail positions (high tail-
damping power factors). Table V and figure 17 show that, when the
‘horizontal tail was lowered to near the bottom of the fuselage on the
3-series tails (partial-length rudder) so that the tail- -damping power
factor became O, satisfactory recoveries were indicated.. No tests were
- conducted on the 2-series,tails'(large vertical tail) for a tail-damping

power factor smaller than 50 X 10'6. /

The data presented in the charts indicate: that, if the elevator had
been moved to somewhat beyond neutral in conjunctlon with rudder neu-
tralization, recoveries would have been satisfactory for high values of
the tall-damping power factor and a rearward center- -of-gravity position.
'Thus, -inasmuch as the horizontal-tail incidence on the model investigated °
was 0%, it would be expected that, if the horizontal tail on a corre-
spondlng airplane is set at positive incidence, satisfactory recovery by
simultaneous neutralization of rudder and elevator would be expected to
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extend to values of tail-damping power factor higher than previously
noted for a rearward center-of-gravity position.

Recovery by full reversal of rudder and elevator.- The results of

the investigation show that satisfactory recoveries will be obtained by

full reversal of rudder and elevator for all the tail configurations

and loadings investigated, provided the recovery technique used is full
- rapid rudder reversal followed approximately 1/2 turn later by forward

movement of the stick. If the stick is moved forward before the rudder

is reversed, however, slow recoveries may be obtained on a corresponding

airplane for the loading condition having mass extended along the fuse-

mb2
normal-tail arrangement unless the tail-damping power factor is at least
100 X 10-6 to 200 x 10-6 and for the large-horizontal-tail configuration
unless the tail-damping power factor is somewhat greater than 300 X 19-6_

lage and retracted along the wings Gyi' IY _ 150 % 10-9 for the

Ty -
For the normal-loading condition &fx Ty = ?} satisfactory recoveries
mb2 .
were indicated to be obtainable for all tail configurations even though
the stick is moved forward prior to reversal of the rudder.

CONCLUSIONS

Based on the results of g spin-tunnel ihvestigation of a low-wing

model typical of present-day four-place personal-owner airplane designs,
the following conclusions are drawn: :

1. The tail-damping power factors required for satisfactory recov-
ery were indicated to be small, provided the recovery technique used is
full rapid rudder reversal followed approximately’l/Q turn later by
reversal of the elevator; however, a large tail-damping power factor
might be desirable to avoid any adverse effects that might be encountered
by a premature movement of the elevator to down.

2. Setting the ailerons against the spin and Setting the elevator
to full down were the most favorable control settings for recovery for
the normal distribution of mass. When the mass was extended along the
fuselage and retracted along the wings, the aileron and elevator effects
for high values of tail-damping power factor were similar to those noted
for the normal mass distribution, but for the low values of tail-damping
power factor aileron-with and elevator-up settings were now generally
beneficial, particularly for the +30° rudder deflection.
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3. Changes in the vertical- and horizontal-tail design usually had
little effect on the model recovery characteristics for high values of
the tail-damping power factor. For low values of tail-damping power

‘factor the most noticeable differences in spin-recovery characteristics

brought about by changes in tail design occurred for the loading having
mass extended along the fuselage and retracted along the wings.

4. Reducing the rudder deflection from *30° to #15° usually
steepened the spin somewhat but generally had little effect on the spin-
recovery characteristics.

5. Moving the center of gravity rearward generally flattened the
spin and reduced the rate of rotation. Recoveries attempted by full
reversal of rudder generally were little affected by the center of -
gravity p031t10n.

6. Installing square wing tips in place of the round tips on the
rectangular wing or replacing the rectangular wing with a wing having a
taper ratio of 2:1 had little effect on the spin and recovery
characteristics.

T+ An important design condition necessary to enable‘reeovery from
spins by releasing controls is that the rudder be designed to float to
large deflections ‘against the spin.

: 8. No difficulty should be encountered in recovering from abnormal
spins (ailerons maintained full with or full against the spin during the

steady spin), provided rudder reversal precedes the reversal of the
elevator.

9. A high value of the tail-damping power factor will generally be
desirable for satisfactory recovery from uncontrollable spins (elevator
reversed first for recovery followed by rudder reversal if necessary)
for the loading having mass extended along the fuselage and retracted
along the wings. For the normal distribution of mass no difficulty will

- be encountered in recovering from uncontrollable spins.

10. No difficulty will be experienced in recovery from spins by
neutralization of rudder and elevator for forward positions of the
center of gravity. For rearward positions of the center of gravity, a
low position of the horizontal tail on the vertical tail (low tail-
‘damping power factor) will be desirable for recovery.

Langley Aeronautical Laboratory
- National Advisory Committee for Aeronautics
Langley Field, Va,, September T, 1950
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3 . .
TABLE 1,- DIMENSIONAL CHARACTERISTICS OF THE TAIL CONFIGURATIONS INVESTIGATED

To quarter chord of ¢ 13,72 -

Rudder hinge line
To quarter chord of ¢ X

Elevator hinge line

Fuselage reference lin&d i B
.
_— 3.:1; Horizontal tail Vertical tail
Tajl description a p:vzrns S1ze Stag%ggzer El:;ggor A.gieg Bize |Fin sree Rggggr 'Alpe;t (1:.) (1:') Plgure
factor _(sq in.) | (sq in.)] TB%10 {sq 1n.)(sq tn.) ratio (a)
1a 50x10-6| Normal .4 10.32 | 3.98 | Normal | 6.07 6.07 1.26 | 13.28 | o.22 3
1b 100 Normal pUR 10.32 3.98 Normal | 6.07 6.07 1.26 13.28( -,16 3
1c 200 "| Norma1 TR 10.32 3.98 Normal | 6,07 6.07 1.26 13,28 | -.65 3
14 300 Normal pER 10,32 3.98 | Normal | 6.07 6.07 1.26 13,28 {-1.00 3
Normal tail " - - -
le 600 Normal U 10,32 3.98 Normal | 6.07 6.07 1.26 13,28 |-1.87 3
Normal . .
tall
. 1 Jizoo Normal pUR'S 10.32 | 3.98 plus  |PB.ls 7.83 1.26 | 13.28 | -1.87 3
ventral
fin and
rudder -
Large vertical 2a 50 Normal 144 10.32 3.98 Large |11.50 11.5 2.0 13.28 .65 4
tall
2c. 300 Normal 4.8 110,32 3.98 Large |11.50. 11.5 2.0 13.28 | © 4
2e 600 Normal pLRTS 10,32 3.98 Large [11.50 11.5 2.0 13.28 |+1.21 'Y
Partial-length | -° 50 - |Normal .4 10.32 |.3.98 Rorual 6.07 3.97 1.26 | 13.28 | -.50 5
rudder n -
3e 600 Normal pUR" 10,32 3.98 Norwal | 6.07 3.97 1.26 13.28 | -2.70 5
é 3x 0. Normal 4.4 10.32 3,98 Normal | 6.07 3.97 1.26 13.28 .75 5
ta | S0 Large 20.68 | .52 | 4.00 Normal | 6.07 6.07 1.26 |13.28| .20 3
Large horizontal .
tail
bo 200 Large 20.68 14,52 4,00 Normal | 6.07 6.07 1.26 13.28 | -.50 6
4a | 300 Large 20.68 14,52 4,00 Normal | 6,07 6.07 1.26 13.28 | -.83 6
be 600 Large 20,68 14,52 4,00 Normal®| 6.07 6.07 1.26 13.28 | -1.65 6
Area added
Horizontal tail - .
moved rearward Sa 50 Normal pLR 10.32 3.98 Normal | 6,07 3.97 1.26 1,78 .33 7
and partial— .
length rudder : .
:é 5b 100 Normal 14,4 10,32 3.98 Normal | 6.07 3.97 1.26 W78 | -.35 7

84 positive value of z indicates horizontal teil below fuselage reference line. . NACA
Pincludes ventral-fin area. .
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TABLE II.- DIMENSIONAL CHARACTERISTICS OF‘THE CORRESPONDING

FULL-SCALE AIRPLANE EQUIPPED WITH THE 1-SERIES TATILS

Over-all 1ength, TL . + & v v v v v v o e e e e e e e e e e .. 22,37

Wing:

Incidence, deg ¢ e s e e e e o e 4 e e e e
Dihedral, deg . . . . + « v 4 ¢ ¢« ¢ o o « o« « & &
Twist, deg . . . . . . . ¢« ¢ . o o . ..

Rectangular wing: : _ |

Span, ft . . . . e e e s s s e s 4 e s s e o e e o « « 33
Mean aerodynamic chord, c: -

Round tip, £t . . . . & v v v v v v vt e e e e e e e e ek
Square tip, ft . . . . . . . o Lo L0 . o 0o e e e e e b

Leading edge of ¢ rearward of leading edge of wing:

Round tip, ft . . . . . ¢ . v v v oo i 0 s st d d e e e e .. O,

Square tip, ft . . . . . ..o 00000 L

Taper ratio . . . « ¢ ¢« ¢ ¢« v b i et e e e e e e e e e e e . 1

Ares:

Aspect ratio:

Round tip . « « v & v v v v v i e e e e e e e e e e e e e .. 6.
Square tIp . . . . v vt e e i e e e e e e e e e e e e e .. 6.

Tépered wing:

Span, ft . . . . T 5

Mean aerodynamic chord, c:

Round tip, ft . . . . ¢ ¢ v v ¢ o 4 v it b e e e e e e e . B,
Square tip, ft . . . . . .. .. .. .00 000000 .. 5

Leading edge of ¢ rearward of leading edge of root chord,

7 O
Taper ratio . . . . v ¢ 0 i i e e e e e e e e e e e e e 2,

Area:

Aspect ratio: . .
"Round tip . . . . . e e e e e e e e e e e e e e e e e e e .. 6.
Square tip . . . . . . . L e e e e e e e e e e d e e e .. 6,

AIrfoil section « « v » v o v v 4w v e e e u w e . . . . NACA 23012

Round tiP, SQ Tt « v v v v v 4 v 4 e e e e e e e e e . . 163.
Square tip, sq ft . . . . .. . .. . .. .. 0. ... 168.

ROund tip, SQ £t & & v v 4 4 4 4w e e e e e e e . o . 163.
Square tip, sq ft . . . . . ... o ... .. 0. 0. .. 166,

3

g -

0

.63

89
99
05

0
00

28
61

93
1
63

08
09

73
00

22

\

23 -

93
80
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 TABLE II.- DIMENSIONAL CHARACTERISTICS OF THE CORRESPONDING

FULL-SCALE AIRPLANE EQUIPPED WITH THE 1-SERIES TAILS - Concluded

Ailerons: ' -

Span, ft . . . . L P X

Area rearward of hlnge line
Rectangular wing, sq ft . . . . . . . . ... ... .. .. . 15.70
Tapered wing, sq £t . . . . . . .. . . L0000 .0 e .., 15.76

Aspect ratio: : _ ‘ ,
Rectangular wing . . ... . . . . . ... ... ........ 6,58
Tapered wing . . . . . . . . . . . . . ... ... .. .. 6.5

Horizontal tail surface: .
Span, ft . . . ... oL L. e ... 1025
Total area, sq £t .. .. e e e e e e e e e e . 26039
Elevator area rearward of hlnge line, sq ft . . . . . . . . .. 11l.02
Aspect ratio . . . . . . .. .. ..o L. L0 ... .. 3.98
Incidence, deg . . . . . . . . . L. 0L e e e e e e e
Dihedral, deg . . . . . . . t e e e e e e e e e e e e e e e 0
Distance from quarter chord of E to elevator hinge line, ft . 13.73
Section . . . . ... .. o .. .. .. 4. ... Modified NACA QOO9

Vertical tail surface: ‘ ’

SPANL, Tt v v v v v e e e e e e e e e e e e e e . B30
Total area, sq ft . . . . ot e e e e e e e . 12,96
Rudder area rearward of hlnge llne, sq £t e e e e e e e ... 6.148
Aspect ratio . . . . L . L L L L s s e e e e e e e e 196
Offset, deg . . . e e e

Distance from quarter chord < to rudder hlnge line, ft .« . . 14,18
Section . . . . . . . L 0 s s e e e e e Modified NACA 0009
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TABLE III.- CONDITIORS TESTED ON THE MODEL ‘
Initial
< Center-of- rudder .
Test Iy - I Wing- - Data
. -|Load X Y gravity Wing setting, Method employed in
condi ingl 2 position,| plan form tip (Tail TOPF with the{ recovery attempt presented
tion mb 4 shape -
. x/T spin
(deg)
Rudder reversal Chart 1
; - -6 Rudder neutralization
1 1 0 X 10 0.25 Rectangular|Round| la 50 X 10 30 S tanecus rudder and ta;ig v
elevator neutralization
Rudder reversal C
2 1 0 -23 »=--do—=--- -do-- la % 15 Rudder neutralization te
Rudder reversal
t
3 1 o} 25 PR 7, S -do--| 1e { 600 30 Rudder neutralization Ch:';d 3
: Simultanecus rudder and [, h. v
elevator neutralization
Rudder reversal Char
: 1 0 -2 -d0----- do le f 600 15 Rudder neutralization th
' Rudder reversal
> 1 ° -5 ----Go----- -do--[ 1f 11200 30 Rudder neutralization Chart 5
6~ 1 [} .25 P - Yep— -do-~| 1f 1200 15 Rudder reversal Chart 6
Rudder reversal
Rudder neutralizaticn
Chart 7
7 2 -120 .25 —aeadO-nee= -do--| la 50 30 Simulteneous rudder and | and
elevator reversal table V
Simultaneous rudder and
elevator neutralization
8 - . T PO —dOen Rudder reversal Ct
2 120 2. do do 1a B 1 Rudder neutralization 8
9 2 =120 .25 —===dO===== -do-~| 1b [ 100 30 Rudder reversal Chart 9
10 2 -120 .25 wemedOmmcan -do--| 1lb } 100 15 |e==cccmeea- d0==mommmmmm Chart 10
11 2 ~120 .25 EESE LESTER -do--{ lc | 200 30 —evsmemcneudOmncancccaa- Chart 11
12 2 |-120 .25 | --m-d0-eem- -do--| 1c | 200 I PO T Y Chart 12
13 2 |-120 .25 le-e-do-t--d ~do--| 1d | 300 10 JR S d0~m=mmmmmmmm Chart 13
1k 2 -120 .25 ~mmedO===n= -do--} 1d | 300 15 fesememmaea L Chart 14
Rudder reversal
Chart
15 2 -120 25 ~===do~-=== -do--| 1le | 600 E 30 Rudder neutralization :d 5
: : Simultaneous rudder and [, 1o v
elevator neutralization
Rudder reversal
16 2 120 .25 -—==do-=-=-| -do--{ le | 600 15 Rudder neutrelization Chart 16
Rudder reversal
Chart 17
i ' P PO —@0on Rudder neutralization
7 1 0 -ko do do 1a >0 30 Simultaneous rudder and ta:.;g v
elevator neutralization
Rudder reversal '
1 ! . JERSURY, 7, Y. -do-- Char
8 1 ° ko do do 1a . 15 Rudder neutralization t 18
Rudder reversal 1
19 1 ) 40 [ P -do--| 1e { 600 30 Rudder neutralization amti 19
. » |Simultanecus rudder and |y .0. ¢
R elevator neutralization
]
Rudder reversal
Rudder neutralization -
20 1 0 ko ~===30-==-= -do--( le | 600 15 Simultaneous rudder ang |CRArt 20
elevator reversal .
21 1! 0 b0 “mee@Ommmn- -do--| 1f [1200 15 Rudder reversal Chart 21
Rudder reversal
Chart 22
8 Rudder neutralization
1 - el O = - -
22 2 120 R do do la 50 30 Simultaneous rudder and g:;d v
elevator neutralization]table ~

>
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TAELE III.- CONDITIONS TESTED ON THE MODEL - Continued
Initial
Center-of - rudder
Test Iy - I Wing- Data
X Y gravity Wing setting, Method employed in
C:rildi' Loading mbe position,| plan form ;:p Tail TDEF with the recovery attempt P resez:ted
on x/T shape spin
(deg)
. -6 Rudder reversal
' -
23 2 120 X 10 0.40 Rectangular|Round [ 1a | 50 X 10 15 Rudder neutralization Chart 23
. Rudder reversal
24 20 |-120 80 |----do-eme- -do--| le {600 3  |Rudter neutralization | CPETE 24
- . Simultanecus rudder and table V
elevntcor neutralization]
25 2' |-120 ko ~==-dQ--=-= -do--| le |600 15 Rudder reversal Chart 25
Rudder reversal "
26 1 0 25 O -do--| 2a | s0 10 Rudder neutralization ¢ and 2
‘ Simultaneous rudder and table V
elevator neutralization
-‘Rudder reversal
21 L 0 -25 ----do----- -do--1 2a | 50 15 Rudder neutralization Chart 27
. Rudder reversal ¥
28 10 0 40 Y PO, ~do--| 2a | 50 30 Rudder neutralization ¢ an.d. 28
. Simultaneous rudder and table V
elevator neutralization
. I TS _do-_ . Rudder reversal X
29 1 0 -ho do do--|.2a | 50 15 Rudder neutralization Chart ?9
30 2 -120 25 - |-=---do-=--- -do--| 2a | 50 30 Rudder reversal Chart 30
31 2 -120 .25 ====do-=-=- -do-~| 2a | 50 15 f=emmmmmeeee 40 mm e Chart 31
Rudder reversal
32 10 0 - 1o ot edOm e -do--| se |600 30 Rudder neutralization Ch:;; 32
o ) Simultaneous rudder and table V'
elevator neutralization|
f
' ) Y T Ao Rudder reversal
33 1 0 -%o do do 2e 600 15 Rudder neutralization Chart 33
34 2 <120 .25 JRPSR 1. YR -do--{ 2e |600 30 Rudder reversal Chart 34
35 2 -120 25 . —=eadOe-e-" -do--| 2e {600 15 Rudder reversal Chart 35
Rudder reversal
: Chart 36
y Y O _do-- |- Rudder neutralization
36 l 0 o do do 38 1 30 30 Simultaneous rudder and te.g;g v
' elevator neutralisation] -
B A0 e —do-_ Rudder reversal
. 37. 1 0 -ko ----do do 3a |50 15 Rudder reutralization Chart 37
38 2 -120 .25 -e--do-==-= -do-~| 3a | 50 30 Rudder reversal Chart 38
39 2 -120 .25 --=-do----~ -do--| 3a | 50 15 [ -=-emmmeeea 4o~ enmmmmmaen| Chart 39
f R T e Rudder reversal Ct
bo . L 0 ko do do 3e 1600 30 Rudder neutralization rt 40
. ' eecdoe o] cdo Rudder reversal
41 1 0 R do--- do 3e |600 15 |Rudder neutrslization |CBETt 1
42 2 =120 .25 RSP, 7. Y -do--| 3e 600 30 Rudder reversal Chart 42
43 2 -120 .25 -e=edOm~--= -do--| 3e |600 I e d0-emcmmmmann Chart 43
44 1 [ . .25 ~=--d0-===~ -do--| ka | 50 L e d0---cmcmem-a Chart b
5 1 0 .25 [---~do---m- -do--| ka | 50 15 [emmmmmeees T LY Chart 45
. . Rudder reversal
16 1 0 %0 I PR ~do--| ba {50 30 Rudder neutralization Ch:nr; k6
: ) Simultaneous rudder and table V
elevator neutralization
' : Rudder reversal
b7 ! o ko ---rdo----- -do--| ha | 50 15 Rudder neutralizstion Chart 47
48 2 -120 .25 -—e-do--=-- -do--| %a |50 30 Rudder reversal Chart 48

. TSUNACA
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TABLE III.- CONDITIONS TESTED ON THE MODEL - Concluded

. rudser
Test I, - I Center-of- Wing- rudder Data
cg;xglil- Loading —me2 LS g::&;zn, plazi?gm s;.;ge Tail] TDPF :;:;i:gé Mi:::;_?t:{:;pi‘n prei;n_ted
x/c spin
(deg)
Rudder reversal
Simultaneous rudder and |Chart 49
L9 2 =120 X 10"‘ 0.25 Rectangular|Round ba | 50 x 10'6 15 elevator neutralization| and
‘ Simultaneous rudder and |table V
elevator reversal
50 2 -120 .25 eee=@0emmmm --do--| 4¢ {200 30 Rudder reversal Chart 50
51 2 =120 .25 “mendOmmman --do--| kc [200 15 | omcoccances 3Ommmmmmmmmme Chart 51
52 2 {-120 .25 aemedO-eenn --do--{ kd {300 30 d0--== Chart 52
53 2 |20 25 |-aeedomeen- --do--| k4 | 300 U PO F P Chart 53
Rudder reversal !
54 2 -120 .25 ceccdOanenn --do--| ke {600 30 |Simultaneous rudder and |Chart 54
aileron movement
55 2 -120 .25 «-=-d0-=--- --do--| ke |600 15 {Rudder reversat Chart 55
56 1 0 40 {----dom=mn- --do-- 600 30 | oo ation |CBaTt 56
57 1 0 7 S PR PSR, --do--| ke {600 15 g:gg:i Z:::f»:ﬁz;tmn Chart 57
58 v 0 “bo --=-do----- --do--| 5a | 50 30 l}::ggzi z::i:ﬁzation Chart 58
9 | 1| o A0 |eenomnn| -odomu| Se | 50 15 | Reader mewerarization  |ChOFt %9
60 2 -120 .25 PR 1- TR --do--| 5a | 50 30 |Rudder reversal Chart 60
61 2 -120 .25  fe-evdO-ce-- --do--| 5a | 50 15 do---- Chart 61
62 2 -120 .25 --=-d0m---= --do--| 5b {100 1 J (R 40w - mmemmmm Chart 62
63 2 -120 .25 amadOmmmmn --do--| 5b 100 15 {=emmmmmme- 0-——mmmmmmee Chart 63
6k 1 ‘o Lo PR, 1. SRS Square} la | 50 30 | ecmeemeemee d0-~mmmmmmmmm Chart 64
65 2 |-120 - R PO P — --do--{ 1a | 50 LI P 40-mmmmmmmmmm Chart 7
66 1 [} R Tapered [Round ; ld | 50 30 d -|Cchart 65
67 1 0 40 |----do----- --do--| 1la | 50 15 | ecmcmmmeea- 30-mmmmm o Chart 66
68 2 -120 25  |-me-dO-m--- --do--| 1a { 50 30 a -|Chart 67
69 2 -120 .25  f----do-----| --do-:| 1a | 50 5 S PR 0= mmmmmmem e Chart 68
70 2 -120 .25  |eee-doec--- --do--| k¢ {200 30 4 -|Chart 50
T 2 -120 .25 —=eed0m==an --do--| 4c |200 B R R L Chart 51
72 2 |12 .25 j----@0<ennn --do--| bd |300 30 d0-—=~ -|Chart 52
73 2 -120 .25 [ T . --do--| 4a (300 . 15  |[-memmmeenaa d0=mnmenamn Chart 53
Th 1t o] R RO T Y Square | la | 50 [ JRN R — d0-mommmmm e Chart 69
75 2 -120 25 |e-ecdOmen-- --do--| la | 50 30 | meeeememeen d0=m=mmmmmman Chart 67
76 2 -120 .25 RSP, TS PR --do--| 1a | 50 b T d0=crecammann Chart 68
7 1 o- .25  |Rectangular{Round | 1c [200 30 |SImltaneous o and [Tavle v
78 1 0 B0 le-e-do---a- --do-- | 1b {100 30 do-- Table V
79 1t 0 RiT) R --do--{ 1d |300 30 | femmmmemeeaa d0-e-mmmmmme Teble V
80 1! 0 .40 —me=dO--mm- --do-- | 2¢c {200 30 fecccemeomena d0-mmmemmmmme Table v
8L 1 0 .25 PR P --do--{3a | 50 30 femeemcmeeen 30-=mmmmmmmmm Table V
82 1 0 .25 ~noedOmemnn --do-- | 3e |600 K1 T (PR R— dO-mmmmmamana Table V
83 1 0 RG] PRI, T- YR --do-- { 3x [« 30 | eewmmcmanan do=-emmmmeman Table V

33
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.
TAHLE V.- THE INFLUENCE OF VARIOUS TAIL CONFIGURATIONS IN EFFECTING RECOVERY BY SIMULTANEOUS

NEUTRALIZATION OF RUDDER AND ELEVATOR

E@ading a.ud.center-cf-yavity position as indicated:l

Iy - L Initial Alleron Initial Full-scale
des:‘:iltion Tail TDFF Loading | x/€ x—ex rudder setting| setting | elevator setting| vertical velocity 3::2;‘“
P b (deg) (deg) " (deg) (ft/sec) i
. "33
A Neutral 30U pL R
Neutral 200 139 1, 1%
1a | 50 x 1076 1 0.25 0 x 107% 300 :
™ 30U 124 1, 1
™ 200 125 1%, 2
Neutral 30U 139 1,1
Reutral 20U 135 1, 1
Normal 1c | 200 1 25| 0 300 1
tail ™ 30U 1:}5_ ‘ 1, 13
™ . 2ov 130 13, 13
’ 11
Neutral - 30U 14 5 3
. Neutral 20U 157 1, l%
le | 600 1 .25 [¢] 30W 3 3
: ™ 30U 135 to 144 i
1.1
™ 20U 139 1 1
Neutral 300 139 %, %
Large Neutral 20U 14k l, 3
vertical 2 50 1 .25 0 30W i n
tail ™ 30U 125 51
' ™ 20U 125 %, 1%
- 13
Neutral 30U 15'1& 5%
3a 50 1 .25 0 30W Neutral 20U . 15k 1, 11]5
™ 30U 144 1,1
Partial- ™ 200 T 1, 1
length
rudder Neutral 30U 154 %, 1
3e | 600 1 25| o 300 Neutral 200 154 %, 1
™ 300 139 3
™ 20U 154 2, 2
Neutral 30U 139 -1, 1%
Neutral 200 137 1, 1%
: ™ 30U 135 1, 1%
1a | 50 2 .25 | -120 300 . 2
™ 20U 142 1,15
TA 300 149 %, %
Normal . 3
tail TA 20U 130 1
Neutral 30U 148 %, 1%
Neutral 20U ) 144 PERST
le | 600 2 .25 {-120 30W 3 Tl
1.1
1=, 1=
™ 300 126 R
™ 20U . 139 12, 1%
Neutral 0U 178 1
utra. 3 T 5 5
Large 13
horizontal ha 50 2 .25 |-120 15% 20A 30U 146 5%
tall 200 300 > 16k 33
[
7A 20U 169 ; 1%, 1%

W with the spin; A against the spin; U up; D down
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TABLE V.- THE INFLUENCE OF VARIOUS TAIL CONFIGURATIONS IN EFFECTING RECOVERY BY SIMJLTANEOUS
NEUTRALIZATION OF RUDDER AND ELEVATOR - Concluded
Pail . . Ix - I Initial Alleron Initial Full-scale ?
description Tail] TDPF Loading| x/c Lz_Y rudder settingisetting|elevator setting|vertical velocity szveg;
mb (deg) (deg) (deg) (ft/sec)
Neutral 300 122 to 143 5 %
- b
la| 50 x10% 1¢ |o.so| o0 x 1074 300 eutral e 129 l; 1 N
- ™ 30U 16 W 1
! 1,1
20U 1 EREEY
! ™ 39 ot
: Neutral 300 135 %, 1%
N::niu]a:l 1 | 100 1t 4o ) 30w Neutral 20U 125 to 139 >3 N
™ 30U 121 1, >25
™ 20U 139 >
14 | 300 1t | .o o 0¥ -|Neutral 30U 135 >0
™ 30U 116 >3
1e | 600 | el o 308 Teutral 30U 123 to 136 > ge
’ . ™ 30U 126 -
Neutral 300 123 13, @
e 1
2a] 50 1 | o] o 30w Neutral 20U ok 3 33
™ 30U 11 1
™ 20U 101 a,%, 3
Neutral 300. 101 %, 2%
Neutral 20U 6 .
2¢ | 200 1t ko 0 30W eutra 9 23
Large 3 .1
vertical ™ 300 m hre] 13
* tail - ™ 20U 96 2,3
11
Neutral 300 108 5 3
] Neutral 200 111 to 139 %, 1
2e {600 .1 ho o 30W - 1
™ 30U 106 > 25
™ 200 11 >3
11
Neutral 30U 139 Vi
1
3a| 50 1t %0 0 30w Neutral 20U 154 5> 4
™ 300 139 >a
20U 154 >
Partial - I >
length
Tudder Neutral 300 139 %: %
Neutral 20U 139 3,
x| o 1 | .ol o 30w ’1‘ 5
™ 30U 139 2 3
3,1
™ 20U 139 P15
Neutral 300 131 to 146 %, 2
Large Neutral 200 147 3,1
horizontal| ba | 50 1 | w0l o 0% i
tail ™ 30U 139 1, 1
™ 20U by 1, 111-
11
Neutral 300 139 w2
Neutral 200 125 to 137 %, 1
~ ™ 300 125 BE
la| 50 2t .4of-120 30W . 1
Normal ™ 20U 139 1,15
tail 11
. ™ 0 139 P
7A 200 132 %, 1
Neutral 30U - 1né >3
>
1e | 600 2' | .hof-120 300 Neutral 200 135 23
™™ 30U 106 > 2f

§
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CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION { LISTED IN TABLE I

E‘\‘udder initially set 30°with the spiny control movement for recovery as indicated]

-— Agamsf

Aileron semng

th

|
» _2C°

te.
fGoes into an inverted spin after recovery from
erect spin.

a,b 20° 7° b,c O° b 7° I5°
igﬂ%g 149|0-33 Elevator ] ] ] §§| 0 Ilhz 0.36 ﬁglsn Imulon I I ] Eﬁlnnllnlo.}s
i }1. 3Q°up L %' %’J 1%, >3 %2 I 7 I >6 -
Ei A
a,b
Elevator T ] [ 29l°']139l°-"3 I [125I gg ll}slo.k}
20°up [ BRI | 1, 2| >5
Lal 7]
TDPF = 50 x 1070 Elevator | ll}9| be Iun l139|o.u7 31[ unluslo.k&
A 15° up >1 e 1413
b ~
Elevator- yslsu Ils’& Io.su
|O° up %, 5 »2 A
' Elevator| | | | = .
Iy~ Iy -0 5oup a
mb : =
=
=
(2] b
I l [ Stick left Elevator 3?] 20]135'0 5 Stick right %glsn llE}lO.So
No I SPIN o° 3l ) ‘ i em,}l}%. 3%
{
B
[=]
2
S
Ks}
=
L
’ -
)
| I l ) Elevator I I l 25] 2p I 132}0.59
l 20 down NO ] SPIN 5 1’ll fl,‘;. A
%ssg{&ggor{vén roll and yaw; range or average Model values converted a ¢ v a
bOScillat.ory in pitch; range or average values ° ;&fgé;?:psgfﬁgg (deq) | (deq) {fps) {rps)
; : Turns for recovery: | Turns fo 2
dguaggg;i%vegsed to .only 20° 20t its full. LDJ :Ir'::\‘e: :ll':lg %w Igudder 3r0°'w\ilthy Rl:]rdder ::;(;ss,ol“:y
vlggﬁeg;%gx:]) egainst the spi e g n 1o 30° against. to 0° .

Turns for recovery:
Rudder 30°with to O

Elevator neutralized.
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CHART 2 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 2 LISTED IN TABLE' m

[Rudder initially set 15° with the spiny control movement for recovery as indicated]

-<——— Against
)

Aileron setting
A

With
T

) T ﬁ
20° 7° ab  O° 7° 15° .a,b,d 20°
8
J}» ik’ Elevator I | | 5' 30L52 l°o39 ﬁlsvl WJIO-}S . I | I 53'1313 25 0.36
b 30°up | EEIRES [ >3 | -8
2 . b
Elevator | | [ | | Erfobsehas| [T T T | [a]oo [issfos | |
o - 20°uwp I >2 | »s53 [ >3 '
TDPF = 50 x 1076
Elevator I%Im 1159 L.us ) l Il‘*‘*]
15° up 1,1 »2 |
Elevator I llssl l lﬁg
10°up >h4 1, 1%' ]
mb2
S
3
. 3
o
[T Stick left  Ejevator [ | | | Stick_right U] el kbose
" NO lst . -0° NO | SPIN 13 13 3, 3
e
o
z
R}
=
L
)
[ | Elevator [ | | Tl
I 3 20°down I ' NO | 8PIN
%sc%%gtory in pitch; range or average values Model values converted a ¢ v ']
‘c’ﬁﬁ%ﬁﬁ?ﬁé@?é’éa to only 10° (2 of its full oo esponding (deg) | (deg) (tps) | (rps)

deflection) against t.he‘spi?.

Whipping spin.

full-scale values.

U inner wing
D inner- wing

&
own

[Turns for recovery:
Rudder 15° with
to 15° against.

Turns for recovery:
Rudder 15° with

to O°
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CHART 3,~SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 3 LISTED IN TABLE IO

E?ddder initially set 30°with the spin; control movement for recovery as indicated]

<——— Against Aileron setting With
= T Y T I !
a_20° 7° o° b 7° - 15° 20°
. éq“ i L-BZ Elevator I l ] 30129 Imlm §§ﬂn ]iiﬁlo.}s T [13010.36 34 6DI125I0.35
REER 30°up [ 12 [ [¢>6 1k, >3] >10
| & ] ¢
Elevator ] | gé 30 {157} 0.42) [139|o.k2 zlagl kulue lo.bz ﬁ;l 7DI130[0.1+i
20°up | 3 3| 3 43 G2 | %e >2

TOPF = 600 x 107

L (29

[ ]

Elevator
15° up
l Elevator 25I2U]16‘*|°-521 31| 3n|135 Io.ln
° 1 1
K-Iv.o / 10°up | § § 3.2 11
mbZ
’ x
Q
o
L
‘ x
©
=
)
P H H 22
] | | Stick left Elevator alsu I172|o.55| Stick right BJW r139| 0.53
No I SPIN 0° PN 1%] 1,1} IZ%' =
i
B
o
' 3
e
L
4
XY
=
n
[ [ ] Elevator] | | | | [ ]
l ; . 20%down| Ispm ) l SPIN
80scillates ;ilugitctil‘,legoll, and yaw; range or Model values converted a ¢ v a
average vi S . i
‘ge,scil%g%e%.intpitgh; range of values given. :Sllcg(r::]?esp\?gﬂllgg (deg) | (deq) (fps) (rps)
estimate, - . . »
druader reversed to only 20° (5 of its full U inner wing up [Turns for recovery: Turns for recovery:
deflection) against the spif. D inner wing down Rudder 30°with | Rudder 30°with
to 30° against. | to O°

Turns for recovery:
Rudder 30°with to O}
Elevator neutralized.
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CHART4.~SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CON[iITiON 4 LISTED IN TABLEIN

[Rudder initially set I5° with the sping control movement for recovery as indicated]

<——— Against Aileron Tsefting Wlith ]
F T T
a_20° 7° o° b7 b 15° b 20
l 15'*] Elevator I I I gglggll%lo.}} gﬂsnlﬂwlo.-}u 30]&D |1k2lo.}5 ﬁgllﬁglnz Io.}s
b3 30°up | b2l | (%9 4 2 | - |
b
Elevator I [ [ 25|° I‘“I°'37 26' 6DI15"|°"‘3 ) §2J9D Il“‘*lm‘*?
20°up [ 1, 2 S | -3k

TDPF = 600 x 10~

Elevator

T Toelod

15° up

Elevator

R

10°up

2ol3D Ixsu Io.sc
1 1

30[5!) Illq 0.47

[ =7

Iy - Iy 2z |
=0
mbe
K 4
Elevator I |189| §
5%up 3 ¥
n
. b
[ ] Stick left Elevator| | | | Stick right A
"No I SPIN o° No | spax 1,2 {2,4
©
]
3
&
3
o -
[T Elevator| | [ ] [ ] ]
I 20°down I NO Ism
thide radius spin. ) ) Model vaiues converted a ) v a
Osg‘iléllngég% Jﬁé‘;"’;i&!ﬁ“ pitch; range or to corresponding (deqg) | (deg) (fps) (rps)

CRudder reversed to only 10° (-g of its full
deflection) against the spif.

full-scale values.
U inner wing
D inner wing’

&
own

Turns for recovery:
Rudder 15°with
to 15° against.

Turns for recovery:
Rudder 15°with
to 0%
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CHART5.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 5 LISTED IN TABLE I

[Rudder initially set 30°with the spin; control movement for recovery os indicated]

: ~————— Aqainst Aileron semng Wlfh .
20° a 200
Tl L Elevootor T |§§3 ;glun[us‘[o.n ] ll)ol
[ 30%up bo1] P3Py | =
|‘ IUSI 37 3DL35L38 Elevator
>4 20°up
TDPF = 1200 x 1076
-~ x
g
K
&
Elevator l I135|
I0°up >6
Elevator l ]um'
5°up +>25
T Stick left E,evgt;), HED Stick right [ Ted
] : 1, 1 l 2,3
b
g
L2
4
L
o
11 Elevator| | | | [ 11
20°down I ' |

J SPIN

aOscillatox’y in pitch; range or average values
bﬂugder reversed to only 20° (2 of its full

deflection) against the spin.

Model values converted
to corresponding
full-scale values.

U inner wing Up

D inner wing down

a
(deq)

(dgg)

v a
(fps) | (rps)

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30° with
to O°,
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CHART 6 ~SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 6 LISTED IN TABLE T

[Rudder initially set 15° with the spin; control movement for recover

y os indicated]

<——— Against Aileron setting With
r T T T T L
20° - 7° s O 7° 15° 20°
I I Elevator I l ] ggjk'nllﬂlo.zs» ll}glo.zg I I 43| 100} 116l(;l
[ sow T J0z 1B 1T 01 ]
- a a :
Elevator- I | | ?, svlmlo.sl. l Il‘*‘*IO-BG 55
| 20°up [ b} %5 21 [ ]
TDPF = 1200 x 1070
s a
Elevator JOI 2p |1u9|o.39
o |33
a
Elevator 26|1D 162[ 32 9DI139|o.u5
-k _, I0°up | ¢ ¢ -
mb )
/ a ' - a,d .
-Elevator 23| 3 Inslo.so E }1|7n l1’47l°"*;|
up | b} 5 >3
‘ &
] I J Stick left Elevator I l ] Stick right 25|6n[151+|o.56
I i o 0° No |spIn ’ 1,1 l
T
g .
e
3
n
[ 1] Elevator| | | .| L1
I . 20%own I N l

80scillatory in pitch; range or average values

iven,

bﬂugder reversed to only 10° (% of its full
deflection) against the spin..

Syisual es,'(.in'at,&g . P

Whipping spin.

Model values converted
to corresponding
. full-scale values.
U ‘inner wing
D inner ‘wing

%
own

a
(deg)

)
(deq)

\'
(fps)

a2
(rps)

Turns for recovery:
Rudder 15° with
to 15° against.

Turns for recovery:
Rudder 15° with
to 0%
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CHART 7.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 7AND65 LISTED IN TABLE T

[Rudder initially set 30°with the spin;control movement for recovery as indicated;unless othérwise -
indicated, the data presented are for the round-tipped wing]

With —

r

~——— Against
Ll

Aileron setting
1

T

1
2c°

Goes into an inverted glide.
Rudder reversed to only 200 (— of its full

e. deflecnon agamst. the spin).

fWh ppi

Goes in%c an mverted dive.
SOSclllatory in p tch roll and yaw; range or

avera%e values g
s in
rom erect spin.

Bgo

O an inverted sp1n after recovery

full-scale . values.
U inner wing up

D inner wing down

a,b 20° a 7° ab O° ab T° : b
guu 13010.35 Elevator ] llq Ei 3D I }9Io. 1 §ﬂ1§g 3slo.es I I l I |1)o|
b3t 30w P[> | [aa | IR ES
ES b3 Lo | TR | v i
gg‘{g"e'tfp lz’g Igg Il}q 0.37 . b, e
I |96I Ele\‘/,otort%dl l '30];»]137’ 0.37 d}oliolwzlo.zs 1 |162| _
|}.'3% , 207up 31lzu 1130]0-37 >2% i' E b 1% l >’
d3dy 1, 1 1, 13
TIPF = 50 x 1070 # z
3’ : d%”dllt b
Elevator { 3d 1p Lhz[o.lu l IH’*I I Il79l
15° up 2,53 I >4 [ >3
Elevator 29] zo] 1@]0.@ [ 189 I ]?sgt
X-1Y o x 1079 W 10° up 2, 2 ] [ 12 >3 [ >2¢
m‘nz '
: s
Elevator | I | a I IE°9| I ‘I1’°9I
5°up 3 I 1, 13 I 1
b
[ TouJou]  stick left Elevator [2o]3 [137]o.5s] | Stikright [ | | | | [l
f%-fa‘” s 0° 1,1 |13, 2 l b I %
b
o
:
L
s
b
'
s .
znggl 91 lo.uz Square-tip gg‘é?e—hp 31I5U lnslo.us
CZ%,CZ?IJ | data NN l
' .
¢ EZnglgklo.ks Elevator ;g[uu ]123]01.48 22l 1p héo | 0.7
c3 CB o 20°down c%'cll 5%) 6 é., % 1, 1
Osc111atory in pitch range or average values Model values converted a ¢ v a
 Pushdering spin. to corresponding (deg) | (deg) | (fps) | (rps)

[Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30°with
to 0°.

Turns for recovery:
Rudder 30° with
100% .

Elevator neutralized,

Turns for recovery:
Rudder 30° with
to 30°against,
Elevator reversed
to full down.
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CHART 8.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 8 LISTED IN TABLE T

[Rudder initially set 15° with the spiny control movement -for recover

y os indicated]

-~ Agoin'?f Aileron setting With
f Y T T L
a_ 20° . 7° b 0° 7° - v 15° b 20°
) 189J Elevator I l ] l 159] I |169l Iml Im[
b b} 30°%up [ - IR > | -2 [ -6
b
Elevator 24 1D l 166' .49 EOISD Ilallo.kl I l l %2 |23D I].sg L,m }ulzgnl}sglo_sq
“20°up c%,c%l 3 PR I >3 53 I j
_ TOPF = 50 x 10°°
b,d _
Elevator E;l sol sslo.us I IISJ [5ss]
15° up 13, 13 L3 I > U5 3}
d «
Elevator | 2leo [175]0.49 [ L] [ sl
: mb2 a -120 x 10-‘4 |o°up 1, 1,} | I »2 | >2%
| S :
Elevator 2o|2n lnslo.ss 3 I Imsl
: 5°Up 1,1 f, I &, 1
&
€
%l ma 9l Io.uz "Stick left Elevator 25] zvlualo.ss Stick right I |Ts9] ‘
e o [&3 [¥} i
®
s
L
' 3
?/_') N
; .
7 1.8 . Elevat . . 4 .
Ll Srpmtdebds kel

Bide radius spin, oscillatory in roll and
aw, :

BWaymdering spin, o0 2 )

Rudder reversed to- only 10Y (5 of its full

deflection) against the spin.
dOscxllatory in pitch; range or average values

ven,

eOsgillat.or,y in pitch, roil, and yaw; range or

£, average values given, °

Goes into an inverted glide.

8Goes into inverted spin after recovery from
erect spin. :

Model values converted
to corresponding
full-scale values.

U inner wing

D inner wing

u " P
J:)wn Rudder |5°with

a ¢ v Q.
(deg) | (deg) (fps) | (rps)
Turns for recovery: | Turns for recovery:
Rudder [5° with
to 0°.

to I15° against,
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CHART 9.~ SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 9 LISTED iN TABLE I

[Rudder initially set A30°.with the spin; control movement for recovery as indicated]

-—

gainst

Aileron setfing

~ With -

TOPF = 100 x 106

Elevator

I
o°

¥
a 7°

32] wlmlo‘}u

Eg !50 I135 Io .33

30°%up

bx,‘&al

¢ 2

1
20°

b 1o 126 0.5
1

1, 1

c

yol 8p
6! Eu 98 | 0,43
dp, do} '

Elevator

20°down

a<.')sc111:.at,ory in pitch; range or average values
iven,
brufider reversed to only 20° (2 of its full

deflection) against the spih, .
h, roll, and yaw; range or

€oscillatory in pitc
4., average values given
Goes inverted and then

"begomes erect and spins

to left after recovery from right spin.
€Goes into an inverted dive.

c
Bl | eslgusl

el, ellllI

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

5
3
S
K
| Il Stick left Elevator ] i [ Stick right I I l
l ° I
b
(=
g
’ N
S
o

LT

[*
(degq)

(d?q)

v
(fps)

a
(rps)

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30° with

to Q°,
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CHART 10,-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION (0 LISTED IN TABLE I

‘

Rudder initially set 15° with the spin; control movement for recovery u.s indicated]
i
: ~«——— Against Atleron ‘slet'nng th'_ .
20° a o° 7° a _20°
l ] l Elevator 28' '*Dll'sel°-35 J ‘ l llé"l
| 30°%p - | 1,02 l >1 |
, : . _ TDPF = 100x10°6 ‘
)
%
(=]
o .
E 4
B K3
o
| [ioa] Stick left Elevator | | [ | ~ Stick_right [ 1]
7| o° | | | | l
B
‘ :
Rl
E 4
2
b
b ‘
52 182 oe Joue | _Elevator 1 |5 [15d 0.5 Ll
. 20%down| ¢ °, | _ i |

gWant_iering spin.
Oscillatory in pitch, roll, and yaw; range or
c., average values n,

Goes into an inverted dive.

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

v. a
(fps) | (rps)
Turns for recovery:
Rudder |5° with

to O°

(deg) | (ddo)

Turns for recovery:
Rudder 15° with
to 15° against.

given,
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CHART Ii.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION II LISTED IN TABLE I

[Rudder initially set 20"with the spin; control movement for recovery as indicated]

8Rudder reversed.to only 20° (3 of its full

p,. deflection) against the spin. .
Oscilla’cory in pitch; range or average values

Osc111ato in roll and yaw.
4¥isual esﬁma te.

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

gamst Alleron seﬂlng With :
200 , v o 7° v 20°
T ]‘ | Elevator I l . 32] 5”]135|°-32 Eﬁlm[ﬂr
] 30%up 2 | L
Elevator 1] 37Io 37
- 20°up '3 3
TDPF = 200 x 1070
L
3
‘7’ mb
l ‘ |] l Stick left Elessfor I [ I : Sﬁck right ' | || I
© ,
o
z
2 \
.8
)
c - .
fro1[o.10 Elevator ] 1124 ond PLT
143 20°down| %, %1 | |

.
(deq)

¢
(degq)

V' .
(fps)

a
(rps)

Turns for recovery:
Rudder 30°with
to 30° against.

to O°,

Turns for recovery:
Rudder 30° with
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‘CHART 12.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 12 LISTED IN TABLE I

[Rudder initially set 15° with the spin; control moveme_n:] for recovery as indicated]

| D ——— Agcm'\sf Aileron s;eﬁing Wit :
20° 7° o° 7° b 210°
] l l Elevator 2515” ]15?,°-33 l l l ' ‘Ilé“l
l 30°up P | 1,51

Elevator I I 1“71 0.37]
20%up | ®»} l

E 4
(8]
. a
3 5
A L S
mb2 .
l |l I Stick left Eleélgtor I ] l Stick right ] I |
B
Q
g
o
3
o

a S ¢
37[' 30|11 0.t Elevator | 34w 3 b5 : W [ ]
e ‘ 20°down| %1% | ‘

1 1

T 1§| I

a

Approximately % %o 3 turn after rudder ;\Aodel values converted [ o P v a
reversal model's attitude became very stee fo corresponding
at which time the up elovator caused the ¥ full-scale values. (deg) (deg) {fps) (rps)
model to pull up into a flatter attitude U inner wing up Turns for recovery: |Turns for recovery:

p_and continue turning to the right
Wandering spin, o .2 .
CRudder reversed to only 10 (3 of its full

deflection) against the spin.
dOscjllat,ory in roll and yaw; range of values

Rudder 15°with | Rudder 15° with
to 15° against. |to 0°

D inner wing down

iven,

%Gogs into an inverted dive,

Slightly oscillatory in pitch; range or average
values given,



NACA TN 2352 o : 49

CHART (3. SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 13 LISTED IN TABLE II

[Rudder initially set 30°with the spin; control movement for recovery as indicated]
Against Aileron setting With —8 =
T

2l0° 7° a 6" a 7["‘ °
LJ ] Elevator §§| 3D|139|o.3k §3I 5D 1139 o.30 33’ 1)nl 116]0.32
] 30°wp 3 3 " ] 3 3

a

Elevator | 30 BH 139[ 0.38 . .
20°p [°1,°1 ]

TOPF = 300 x 100

]

\ B

S

b

| ] ] Stick left Elevator I l I Stick right ll I
| o ' .

. ®

g

L

ke

)

C ) .
%? 23&108 L-'u Elevator 33| SUI123I°-‘W | | {
1

q,4d l 20°down|e1, 9111;1 A I
20scillatory in pitch; range o; average values tModel values é:onverted a ® V. a
iven. . 0 . + to corresponding
d t % of its full d de
bﬁuﬁder reversed to only 20 (3 of its fu full-scale values. ( eg) ( Q) (fPS) (rps)

- deflection) against the_ spin, N A
Coscillatory ina%itch, roll,pand yaw; range or U inner wing up

average values given, H H
dGoes ingerted then begins spinning in an erect D inner wing down

Turns for recovery: |Turns for recovery:
Rudder 30°with | Rudder 30° with
to 30° against. |to O° :

left spin after recove rom right spin.
€Goes inth an inverteq glxi%e. s
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CHART 14 -SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 14 LISTED INTABLE Il

[Rudder initially set )\50 with the spin; control movement for recovery as 'indicuted] .

| -—— Against Aileron s'eﬂing Withl .
2v0° a 0° ‘a 7° a 20°
l l , Elevator | ]154r ] llu9] ) L”[
I 30%up 32 b2 l : 1,91%[
TDPF = 300 x 1070
x -
3
S
.’ '?,:)
I I | Stick left Elevator l [ l Stick right I I I
| & | |
'E .
3
L
8
b
d .
3%'1%8 |111|o.k2 Elevator I I I l | I
o o3| 20°down [ [
2Wandering spin, o 2 ' Model values converted
“aoriection sseinat te spid. . 1ocomesponding | (Geq) | @a) | (tps) | (rps)

Cvisual estimate

dOscillat.ory in fpit'ch, roll, and yaw; range or -

e average values given,
Goes into an inverted glide.

U inner wing up Turns for recovery:

D inner wing down

Rudder 15° with
to 15° against.

to O°,

Turns for recovery:
Rudder 15° with
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CHART 15.-SPIN AND RECOVERY" CHARACTERISTICS OF MODEL FOR TEST CONDITION 15 LISTED IN TABLE HI
[Rudder initially set 30°with the spin; control movement for recovery ‘as indicated]
. ~—— Against Aileron setting With
T A T T |
- 20° 7° o° o cd 7° . 15°. c,d_20°
26 gu 151k3.33 Elevator I I I 31| 3D Ill“\‘l)-}? g gD IIZS ]o.}l BSIED E)alo-BE P&G llggj 11 10.33
a1 afog, b 30°up [ 22 [u 2| [Rd] [>¢ EY RN
EA 23
[ c,d
Elevator ] T I 24 I 1D '1‘“‘ 10-37 l IIBSI }2[ 7n|137|o.3s ﬁ% ﬁg .37
20% || s | [ E

Il%, 1%'

Elevator ps [0 I11*9Io.ko 32171: 1131;]0.39
: 15°u
TDPF = 600 x 1070 P 22 >
Etevator o | 10 [135] .13 31[ sol139fo.42] 9Jmp Bug b.us
10°up 14, 2 1, 2 W3, 13
l Elevaforpr |2u Il‘w]o.lw 5
5°up 1,1} 3 )
- x
L
a ‘ , &
38 ngl mlo.ua Stick left Elevator as]o Imlo.lw Stick right | 1159|
R ' 0° & ¢|% 1 Rty
b
o
2
L
S
[}
(
c,d [
iz Eiﬁ 16 l}.ltl Elevator %3 qu Imlo.sv L 1214
T % f&l?,_,f 1& . 20°down t’%'f_i_ ]fll}'_'fl% ‘ ) i3 llr,s %ls‘%,sg
8Goes into a spin to the left after recovery Model values converted

b from right spin,
Goes_into a shghtl% turning glide.
C0scillatory in pitch; range or average values

a. elven, .

Oscillatory in roll end yaw; range or average
- e, values given, . o 2

Rudder reversed to only 0° (S of its full

¢ deflection) against the spih.
Goes into an inverted glide,
&Goes into an

inverted spin after recovery from
erect spin. .

to corresponding
full-scale values.

U inner wing
inner wing

v 2
(fps) | (rps)
Turns for recovery:

a | ¢
(deg) | (deg)
[Turns for recovery:
Rudder 30°with | Rudder 30°with
to 30° against. to 0%
Turns for recovery:
Rudder 30°with to 0%
, Elevator neutralized.

‘ 1

UJC))WI'I
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} . E?udder initially set 15° with the spin; control movement for recover

NACA TN 2352

CHART 16.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 16 LISTED IN TABLE MM

y as indicated]

~—Agamst Aileron settmg th
’ T —
a 20° 7° b Oo' b.c 15° v,c_20°
| [y Elevator | | | | | [ l J%E}] il ) 126]o.39
T 30°up - 3 1|1 ¢] (T2} [ [ e

Elevator I ] l

25|70 l15u|o.36

20°up |° I »6
/
b
% - Elevator_|21]1o0[155[0.m1
TIPF = 600 x 10 15 up -

Elevator

c

%’71[ 5n|179 0.49

L59[
[ -¢

10°up 23, >3 724
Elevator 21[6D llss 0.56 -
5° - 15
up 51 8 i
-
S
. ) . ‘}-) P
J | I Stick left Elevator zolun\l159lo.55 Stick right l ,zx;
o 1 1 “
nolspm 0 %’ % }' i P g’ Zl&’
. -]
2
A
L
x
o
&
|
c .
30| 101] 128] 0.6 - Elevator|33u [156]o.54] 1650 | z03[o.15
1 1]f1 1 N 1 f1 . )
f1 ¢ lf f 20°down( £1, 1 fz'le s%,silsé,s&
aW},;‘,e radmspxzpm ?Aodel voluesdconverfed ( a ) v - a
1 <o ci.ll tory"in’ pitch; alu o corresponding deg) ;| (deg) (fps) | (rps)
‘ S atory in p range or' average values full-scale values.

dRuﬁder reversed to only 10° (— of its full

dexlection) against the spif.

fWhippi sgn .

Goes into inverted dive.

&Goes into an inverted spin after recovery from
erect sp n;

U inner wing
D inner wing

Jown

[Turns for recovery:
Rudder 15°with

Turns for recovery:
Rudder 15°with

to 15° against.

to 0%
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o3

CHART I7-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 17 LISTED IN TABLE I

[Rudder initially set 30°with the spiny control movement for recovery as indicated]

<————— Against Aileron setting With
f T Y T ¥ R
20° 7° a 0° - T° 15° 20°
29} 1ujir22 . 38
l ""*I Elevator l | l '*sllmlluz 0.23 l 111610-23 [ I 6| 12 116]0.2
101 ° 1 101 b1 b1 1
bob 30%up | IEEIREEl I 1:-’3|
= .
G [ad]
c d
26
Elevator | I I 36I2D lle9lo.3o I ll}9lo.z7
° 1 b 1
20%up I [>= 2
' 1, 1 1, 1}
TDPF = 50 x 1070 ]__] lu]
c
25
Elevator 35[29 |1l+6|o.37
15° up & 1|>3
l Elevator I I [
" ] .
x-Iy o 10°up
mb
c
2 K4
Elevator 3§|2u I1u5|o.m+ S
Sup |4 2|3 |3
L2
2
»
oy pa N 3
[a6o] Stick left Elevator |26] eo[uafoua| | stick right B3 {uohs [ond | | [382]oss
1 ° € € b 1 e,
i | 0 2 3z b g [23.>3] |3 1]
©
]
E d
& s [ o i [ 0.1
] 1}, 1)
= . 2 2
)
t : d
' 116 '
I |99 l Elevator I | I [‘g 0.42
&1} | 207down|  s7eep| s 4 3l
'+ Poscillates in piteh, roll, ang yaw; range of Model values converted a ) v )
bRudder reversed to only 20° (3 of 1ts full :S'ICgér?:PonF"e‘g' (deg) | (deq) (fps) (rps)
deflection) against the spid. ~scale values. Turns for recovery: | Turns for recovery:
illat in pitch; range of values given. U inner wing u s ARl
esggﬁigcgg %%egitch and has a wmpmé motion. p inner win% J?)wn . Rudde: 30°with Ruddeor 30°with
’ i imate, ) i
éé:ﬁgg e?n" c?nditéog a{$g obtained. to 30° against. to O°.
es into an inverteq glice. Turns for recovery:
h to an inverted spin after recovery from > y:
O g Rett 2pin. P Rudder 30°with fo 0%

Elevator neutralized .
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NACA TN 2352

CHART I18-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 18 LISTED IN TABLE II

. E?udder initially set 15° with the spin; contro! movement for recovery as indicafed]

-<——— Against Aileron setting With
r T T T T [}
20° 7° a o° ab 7° 15° a 20
I L ’ Elevator | I I gglgnllnlo.au 121| 43 iunlu;lo.ez l5‘;’164 116'0.20
§o Isrm 30°up ] AR °1§,°1§{ 1:'->9I oo >6% |
a,b
‘Elevator [ [ | BEIBD lllé%lo.ZS
, s 20°up l t 3]
TDPF = 50 x 10
a,b
Elevator §§’l;n Ilw&lo.zs -
15° up 2
a a,b »
Elevator aslzb'Ig?lo.)&]
.0 10°up |>17 . '
mb2 -
E :
Elevator zslen |153|o.k5v j
5%up Y I L
U) .
a,e a,e .
[T 1 Stick left ___Elevator |s[sse| se[m Stick right |5t | o lisé p.se | [3s0 [123]0.87
NOlBPIN 0° %: 1} 111:1 >3 s 1%]
3
z
Elevator] | | | 2 [ Be
5°down '{, | .1
7]
l l Elevator ] l I I J I
I . 20"down NO Ist ’ NO l SPIN
%sg;ﬂl}ég’cow in pitch; range or average values ?Aodel VQIUesd(;onvgrted a 4;» v a
N .
SEASEIE L 1o omty 100G of 1ts 11 full-scale values. tdeg) | 1969 | _Ups) | (rps)

.deflection) against the spin.
evisual estimate.
Whipping spin.

U inner wing u

D inner wing

Rudder 15° with

own to 15° against.

[Turns for recovery: | Turns for recovery:
Rudder 15° with
to 0°.
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CHART 19-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST COND[TIQN 19 LISTED IN TABLE IT
E?udder initially set 30°with the spin; control movement for recovery as indicated]
<+——— Against Aileron setting With
T T Aj T T L
20° 7° a o° a 7° a 15° 20°
l I Elevator I | 1 Eglsn ]igzlo.zz Eg g 124 0.2 [3) ig 0,26 5o|6n |108|0.29
no |sp1 30°up | 2ot ly i FR™3 >6 >6
>8 >15 711
Elevator| | | | 52| 10 i fo.20
20°%up I 1
L]
TOPF = 600 x 1070 Elevator 3] 3viss fo.5
15° up 1>6
Elevator I ] l
10°up l
EIevotorJ%IZU |1% LM : é
© ] 2
mb S°up ILIIII §
i @ a,d
U .
I I J Stick_left Elevator ;Ep [1'*9 ];-'w Stick right 36 |§3 Iigilo.uo
‘NO lspm 0° 4 |7 . 1, 13 I >20
e
sl
d
Elevator [27] v[164o.50] &
S5%own | 3 }[1, >5] &
' »
{ .
Elevotor] 22| 3o isv]o.s1 2q 10 p3o .52
10°down A, 4.1 3,03
. . a,d
{11 Elevator] | | | 26l (12 55
i"J SPIN 207down NOI SPIN Bl ]fe,fz

aOscillatory in pitch; range or.average

- values
Byisual es imate,

lven.

CRudder reversed to only 20

dwhdetlect.iop) against the spin.

ippi

°© 2 of its full

n§ spin,
€Goes into an inverted spin after recovery

from erect spin

fGoes into an npwef-t,ed glide,

Model values convert:d
to corresponding
full-scale values.

U inner wing
D inner wing

a - v a
(deg) | (deg) (fps) | (rps)
Turns for recovery: | Turns for recovery:
Pwn  |Rudder 30°with™ | Rudder 30°with
to 30° against. | to O°.

Turns for recovery:
Rudder 30°with to O
Elevator neutralized.
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CHART 20.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 20 LISTED IN TABLEII

[Rudder initially set 15° with the spiny control movement for recover

y s indicated]

-<——— Against - Aileron setting With
f T T T L L
20° 7° o° 7° 15° 20°
J " Elevator I I l 139 33'59 l139, 0.20 uul svl]n L.zs Ins 0.27
nolspm 30°p l r Al 02 >3 710 I 1, 1

c a .
2
Elevator l l I &mnl Mlo.zs
) 1b
o Ol B3
TDPF = 600 x 10™
.
° [
Elevator 26[ 5n|156|o.32
°up 11
15° up Lif>
c
Elevator 26| 2DI161+I;).37
2 10°up [, 1] >
mb
K 4
Elevator | 1169 |°-“3 S
5%up 2y Q
K4
L
=
d 2] d,e e
\ 145 S 1
I l [ Stick left Elevator ezl 2°llsu IO-‘W Stick right 2“]60112'»:'0.1;9 I [no]o.k}
No Ispm ’ 0° 1, 1 | >e >2k 26
g de . \
R E
Elevator I I l ; )!&Ilmllztlo.so
1 1
5°down no | sprx % 1, IZI >3
2 a
I R0 [154]
Elevator, 34150 | 154 0.51
O
10%down >3
L1 ] Elevtor| | | | T ]
O Ispm 20°down| . NOI SPIN NO I SPIN
®Visual estimate. 2 Model values converted a ¢ v a
Rudder reversed '(.9 only 10 (-3 of its full go”corr?sp_onldmg (deq) (deq) (fps) . (rps)
CHengeri vy opjn - NSt the spid. Woscale Va'Ues.  rnsor recovery: | Turns for recovery:
%sc)léatory in'pitch; range or average values U :2::’ W'i’:‘g t#())wn Rudder 15° with | Rudder 15° with
iven. rw : .
ein$pping spin. 9 to 15° against. | to O°

Turns for recovery:
Rudder 15°with to 15%gainst;
Elevator reversed to full down.
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CHART 21.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 2| LISTED IN TABLE II

[Rudder initially set 15° with the spiny control movement for recovery as-indicated]

' Against Aileron setting With . .
T \J
20 . o r 20
l | Elevator I I l | 1135|°-17 - | l | I lml 45 10431110-25
| o 30%p | .| 1B ] e ] > |
Elevator T [ I 3u[ 7ulluulo.19
20°up I bt
o : Elevator 1 [ L xmlsn IV’-BOIO'R‘
TOPF = 1200 x 1070 15° up . o l
Elevator Zél unJug lo.gu
I0°up |3 3}
Elevator 29] en]lsu ];.35 5
o (3 3 g
mb? b _5
[ [ ] Stick left Elevator 2y | o hss o.us Stick right 31| oo fo.ue
I o [k o ~
2
L
Elevator | l I k] 33|6n|135|o.u6
5°down |  wo|spm K7 1,b1§|
| l] l Elevator I I I SNACA ~ ' [ l |
Zoodown I . NO ISFIH
%ide radius spin. Model values converted : ’
%Visual estimate. ggllcgég?:pegﬂjigé ‘(dgg) (dg,g) (f;s) (rnps)
' " A > [Turns for recovery: [ Turns for recovery:
. U inner wing u © f
! D inner wing tﬁ)wn 'f:"‘,’;i olgoi:;!‘ F;‘;d%ir 15" with
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CHART 22-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 22 LISTED IN TABLEIL

13

[Rudder initially set 30° with the sping control movement for recover

y as indicated]

~«——— Against Aileron setting With
T T T 1 J L
a_ 20° 7° o° 7° 15° ' . 20
139[ Elevator l 1139I 0 snlual 0.27 l Ilzsl l I uo lmlus Io.ze
3 [ 2 30°up I IR | I w1 >
y 1 11
i3 1

T
P T

b 3 1
L& 3]
d

Elevotor BSI 5U |132 |o.33

2 la0 b33 o

[

1 [
l

20°wp 3.9 |
y 1

TDPF = 50 x 1076 [ 3] [32] 1 1z
Elevator BSI 2u Iuo 0.35
15° up >4
d
Elevator S I 2u ] 135]0.37
LSS QP 10°up >4
mb
d a4
Elevator %l;u |132|o.3a :’-':’.)
5°up 74 e
.§
54 sul 96 Io.)é Stick left Elevator 5 luu llaslo.ze Stick right I I,159.|
12, 2 IB, 4 . 0° 1,1 |15, 2 3 3 Il%. 1
‘ B
L
]
- k]
a_
56 13‘5[ 96[0.35 Elevator u6| 5U I1os Io.37 161 1D'189 0.76
e3' ej l - ' 20°down elé'relél elé’e} 1 L4

Boscillatory in roll and yan.

Goes into a spin to the left after recovery
¢, from right sgm. 0 2

Rudder reversed to only 20° (£ of its full

4 deflection) against the spin.

Oscillatory in pitch; range or average values
iven,

%Gogs inte an inverted-glide.

Goes into an'inverted spin after recovery from
erect spin,

Mode! values converted
to corresponding
full-scale values.

U inner wing
D inner wing

a )
(deq) | (deg)

v a
(fps) | (rps)

Jown

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30°with
to O°

Turns for recovery:
Rudder 30°with to 0%
Elevator neutralized.
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CHART 23 SPIN AND RECOV'ERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 23 LISTED IN TABLE I

[Rudder initially set I5° with the spiny control movement for recovery as |nd|cated]

-— Agcunst Aileron se'mng th
a 20° . b o b b |5? d ‘
I 1'*9' Elevator r l I 27] 4p Lss L.es ] L79l l - I179| 36 16D[13oJo 28
EIEE 30°up byl [k e 2] (32 2 | -2
) b b )
Elevator 25| 0 |159|o.35 zal 2p 1159 0.3 l (79[
20°Up cl, cll %, 1 >2é- >1l I
b
TOPF = 50 x 106 | Elevator l |195l

(-]
s |5 |32
>3

TE]
>2 I

15° up 1,1 >18 I
e b
Elevator 33]0 I{%ﬁl:.uo I Iml l r174
10°up |1}, 13 21 [ 1 &[
€ l .
Ix - 1 _ Elevator 26 IusL.uo ] ) 189 13
—-——xmb2 Y . a1 x 107 5°up 1%,1:%1514 E r [I Jzé _ l lrj]g
- . - e ;ﬁ_’
51l U IloB lo.36 Stick left Elevator ks I v [%Rg_lous Stick righ't l 11;9 |
'EL » 0° 1,1 |2 2 1EE
3 B
o
2
S
..§ ~
N )
i ,
b4
5u| ‘6ul 95‘0.35 . ElevotorlZSI 1+UI-139I 0.4 23] 5u 15'9|
&8 | oo ' 20°down|51!1;_51§|51%§% "L TP

a\I-fidg r?dxus spin.
anger
ciandering SPisd to only 10° (2 of its full

deflection) against the spin.
dgandering spin with a whip.
eo:;clllatory in pitch; range or average values

f05c111atory in roll and yaw; average values
ﬁgges 1nbo an inverted glide.

es into an inverted spin after recovery from
erect spin.

Model values converted

fo- corresponding
full-scale values.

U inner wing 13)
D inner wing down

a ¢
(deg) | (deg)

v 2
(fps) | (rps)

[Turns for.recovery:
Rudder 15°with
to 15° against.

Turns for recovery:
Rudder |5°with
to 0% ]




60

-

NACA TN 2352

‘

CHART 24 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 24 LISTED IN TABLE I

[Budder initially- set 30° with the spiny .control movement for recovery as indicuted] :

Elevo.for BE| 135]0.23

3ul 3D [135 Io.eu

20°wp [3.°1]

1, 1

Elevator

=1

35| 0 [135 Io.zs

TIPF = 600 x 1070 15° up

Elevator

>3

10°up

-<-—— Against Aileron setting With. -
f - T Y T T —
a 20° 7° o° . 7° 15° 20°
iJOL Elevator I I l 50| sblns ]o.e; 501 ™ IlOGI).Es | I ] 528D |111 0.26
EE 30%p [ PP [ [ I
EN >

Elevator 35] 10 |1}o lo.}) = 4
kT ;Y = -120 x 107 up | |55 8
mb -Z‘_)
d = .
32| [130]0.36 Stick left Elevator [2] 10139 ]o.3s Stick right 3&fsn [125]o.3u
1 1)1 1 4 o 1 1 g
I EI'I' 1 0 5 7| > 1,1 | >3
g
2
. S
R Elevator 32] 0 Ius 0.39] -«
5°down - 1%;. 1% .:;)
(%3]

"d

from erect spin.

33| &u [150[0.39 ) _ Elevator aal 2u|1u1+ 0.46 V‘W 33]79 |132|°"“‘

ey € 1]e. 1€ “ e, e e T3 13|71, T

LR 20°downf L, % [53% ]
" Byide radius spin Model values converted ) ) v a

b t de glide. i

°%°3§3e§-flr3vgr§§den§ o2y 2° 2 of its full }0"‘32"?:1’0":""9 : (deg) | (deg) | (fps) [ (rps)

deflection) against the spif. uli-scale values. Turns for recovery: | Turns for recovery:

doscillatory in roll and yaw; average values U inner wing l:jp Rudder 30°with | Rudder 30°with

®GoSs into an jnverted glide D inner wing down to 30° against to O '

fGoes into an inverted spin after recovery ' ° 9a z bd

| Turns for recovery:
Rudder 30°with to 0%
Elevater neutralized,
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CHART 25."SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 25 LISTED IN TABLE IIT

[Rudder initially set A5°'with the spin; control movement for recovery as indicated]

: qainst Atleron s'emng With'
L
20° a o° 7° °
I l I Elevator l l:usl b2 | 9D I 12).| 0.21 '1&7[12D|106|0.2}
NO I 8PIN 30°up Pk . b%'bH haid l -’
TDPF = 600 x 10
Sl '
I .
: 3
2
S
&
- c d
27150 I15k|o.3s Stick left Elevator 22| 6D Iigtlo_” Stick right l IVISSI
1 1 o {3 3 b 3]

)

29|9u |135]o.ua

i 3 1’& I
ohhegereiue, 22

deflectioni
Coscillatory

n pitch
average values given,

i

Elevator

Stick f\or\&ard

19| 3D [w&lo.ss

20°down

n, 5 2
d to only 10 (3 of its full

ainst the spin.
¥ and wggders; range or

teeg sgm.
€0scillatory in roll and yaw; average values

ven,
fGogs into an i

nverted glide.

&Goes into an inverted spin after recovery from

erect spin

f%:vf§ I

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

~_NACA

a
(deg)

(dgg)

v
(fps)

a
(rps)

Turns for recovery:
Rudder 15° with
to 15° against.

Turns for recovery:
Rudder 15° with

to O°,

-]

[
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CHART 26 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 26 LISTED IN TABLE IT

[Rudder initially set

O°with the spin; control moveme_n;‘ for recover

y as indicated]

: gainst Aileron sletting Wltl . : :
20° a o° 7° ' 15° 20°
l ] l Elevator I |139| | llzsl l Ixesl
l 30°up 1 l,} 0, I >5 ]
I ER
l ]1’*“1 L 1125I Elevator
I ] 20°up
EXI R EE:
Elevator | | uw T Toe]
B |O°up E' R— >8
. .
2
3
ol
l I [ Stick left - *  Elevator ] I | Stick right ] ]13°l
I o_o No | spaN _ ' % ]~2, 2
b
g
8
3
&

] I I ‘ Elevator ] I | I [

I 20°%own|  xo | sPIN . ]

8slightly oscillatory in pitch, Model values converted a ) v o
to corresponding (deg) (deg) .| (fps) {rps)

PRudder reversed to only 20° (£ of its full
. full-scale values.
Turns for recovery: |Turns for recovery:

wefiection sesinet the st U innerwing U - |Rudder 30°with |Rudder 30° with

D inner wing down | "3no against. | to 0%

| Turns for recovery: -
Rudder 30° with to 0%
Elevator neutralized.
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'CHART 27.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL F'OR TEST CONDITION 27 LISTED IN TABLE IIL

{Rudder initially set A5° with the spin; control movement for recovery as indicated]

gg IJID I 139| 0.35
> |

«———— Against Alleron setting With
2'(;° a IO" a,b -(|'° d 2'O°
| | I : Elevator §g|1§gllszlo.u1 §§| tgllselo.n
| 30%up L1 [
d
: Elevator 22[ 'ml 159[0.'#5
TOPF = 50 x 1070 20%wp [} 3| >3 >4}

19| 29[179 IO.SO

28
37| 100} 140} 0.38)

Elevator
20°up Loil -2
Elevator | Imu | I““*I°-‘*7
— 15°up 1, 2 of, 2f| > s
' 3
2
S .
) .
. , b
Il Stick_left Elevator | | | | Stick right 25  [15¥0.56] .
l - 0° No | spIN 1}, 1%JE,1:, 3
; B
g
Rl
]
»
| | - , Elevator I [ l I I I
l 20°down [ I

8scillatory in pitch, roll, and yaw; range or
Wh?vei'%esv%ues given. .

CRIABT Feversed to only 10° (3 of its full
deflection) against the spin, .
dOsc;l_latory in pitch; range or average values

given.

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

a P v Q
(deg) | (deg) {fps) | (rps)
Turns for recovery: |Turns for recovery:
Rudder 15° with | Rudder 15° wiih\
to 15° against. | to O°
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CHART 28~ SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 28 LISTED IN TABLE IT

[Rudder initially set 30°with the spin; control movement for recover

y os indicated]

. ~——— Against __Aileron setting With
f T T T I 1
200 . 7° O° 7° |5° 20°
l . Elevator I l I lul 5»'123'0.2u L) 5nl.ux|o.26 l I l 52 snllos lo.as
] 30°up [ N R A I = |
I ]
Elevotor l [ l I 9“] ll°1l I116I lllll
TDPF = 50 x 10° "20°%up [ [ -3 | [ > [=
L. s 4 3
[
Eilevator 22| w I 9k Jo.36 '
10°up =5
my2 -
x|
s
04
x|
. a ﬁ . c
| l . Stick left Elevator 55]10 ]95 Io.uo Stick right ﬁillgg 1 0.39] 55 I 1D [101 Io.39
[ . 0° NI EE : [ ~5 13, 13
LB
=]
2
S
i 4
L
»
. e
I | I Elevator 55|3u I 98 Io.uz I l l
¥o Ispm © 207down f'1,f1x1I fzé l
Visual estimate. o 2 Model values converted a v o
Prudder re\.lersed t? only 0 (3 of its full to corresponding (deq) (dg’g) (fps) (rps)
¢ deflection) against the spin. full-scale values. "
Osc%‘];(legtory in pitch; range or average values U inner wing u Turns for recovery: | Turns for recovery:
da fuch Steeper spin also obtainzd. D inner wing szn Rudder 30°with | Rudder 30°with
A 'no spin' condition 9 to 30° against. to O°

f 0 also obtained.
Goes into an inverted glide. )

/

Turns for recovery:
Rudder 30°with to 0%
‘| Elevator neutralized.
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CHART 29.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 29 L ISTED IN TABLE I

E?udder initially set 15° with the spins control movement for recovery as indicated]

<——— Aqainst

Aileron setting

With
T

— Y T )
20° 7° a o° ab T7° 15° a 20°
l I Elevator | | I 1139] ] l{ il ] I | ggbu 11610_25
I 30°up l BN [ e |
) a,d a,b a
Elevator I | I I H ;I E;]nnligll& ;aun 1%; 0.29
TOPF = 50 x 100 20%up l b o3l- | >3 I Y
a
Elevator [ liééi
15°up |1 %
a
Elevator I 11123
[O%up PR
mb :
-
[$)
2
]
s
L b a,b
Pl Stick left Elevator 2 po |56 Jo.35| _ Stick right [ [iss | iz
| O T ENgEE:
b
g
L
3
&
[ ] Elevator| | | | - [ T 1
20 °down . ]

80scillatory in pitch; range or average values

bm&wen. s

i in. y
°Rudggrn%evgrsed to only 20° (2 of its full
deflection) against the spin.

Sthderi spin

A “no spin" condition also obtained.

l

Model values converted

to corresponding
full-scale values.

U inner wing
D inner wing

&
own

a ¢
(deg) | (deq)

v P
(fps) | (rps)

Turns for recovery:
Rudder 15°with-

to 15° against.

Turns for recovery:
Rudder 15°with
to O°
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CHART 30:SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 30 LISTEDIN TABLE II

[Rudder initially set 30°with the spin; control movement for recovery as indicated]

-— Agolnsf Aileron setting - With ~
! i T —
20° 7° ) o° a a 20°
I I l i Elevator _ ] l , . 37[ 3 lns lo.zo _ 2] 150|126 .
I 30%p 1% [
Two types of spin
Elevator 3] 1v]139]0.38
20%up [ [b1, b:;’[‘ ,
51| 10] 96 [ 0.34 TOPF = 50 x 100
To
1,03 |
x
(%]
3
-
L
»
| [ ] Stick left Elevator | | | | Stick right [ 1]
| o » |
b
2
S
\ -‘K)
»
Two typep of spin
28| 3v Iuslo.ss
' ,dll
c Elevator 2 2 c
Blul ot [0 : 20 down | [2] & sa]oun oo [dones
dl,d]. dlr I €1 e1 |
-4 !1 E
a51£%2§§§e°$§i%é§‘2‘¥e,‘,“ pitch; range or .. Model values converted [ ® v a
dder reversed to only ° (- of its full ;&Icsogglees%g?:égg (deg) (deg) (fps) (rps)
deflection) against the spif, U inner wing up Turns for recovery: |Turns for recovery:
Oﬁaé%atgqaigegltggenmu and yew; renge or D inner wing down | Rudder 30°with | Rudder 30° with
Goos 1L &n Loverted glide 9 v |to 30° against. | to OF

eGoes into an inverted- spin after recovery from
erect spin.
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CHART 31.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 31 LISTED IN TABLE. I

.

’

[Rudder initially set i5° with the spin; control movement for recovery das indicated]

: ~—————— Aqainst Alleron s;etting Wlth1
20° v a O a_T° a_20°
I I l Elevator l lm[ [ lml J lml
wof e 307w 33 5 SF |
,.
S
2 ‘
) 3
2
X c ‘
| l I Stick left Elevator ] l I Stick right I Il’!9l
L o° . No} sPIN v l
=
$
Rl
<
& p
l]l Elevator Ill ' ‘ ||[
Ho Isym 20°down WO I shIn NO Ianu

Model values converted

8hipping spin and wanders. ,
to corresponding

’ o a [ v a
15551 estimate. Rudder reversed to only 10° . - (deg) (deq) (fps) (rps)

full-scale values.
U inner wing up
D inner wing down -

(£ of its full deflection) against the spin.

c Turns for recovery: |Turns for recovery:
© “Extremely steep spin. Recovery ty rudde

Rudder 15°with |Rudder 15° with
to 15° aqainst. |to O° .

r
reversal would probably have been very
rapid.
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CHART 32.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 32 LISTED IN TABLEIL

[Rudder initially set 30°with the spin; control movement for recover

y as indicated]

<——— Against Aileron_setting With
r - T Y T I L
20° 7° a O a_T° 15° 20
l I Elevator I l ] 49 2D|106L-25 5 5Dl106]o.2-7 53[7D|101Io.26 55 j#p |03 p.30
[ 30°wp | - | RIEE IR [ >s g ]
‘ b3 -2}
’ a a
Etevator| | | | ps [0 B33 | 5o [] soles [18€]o.30] e[ oo 1.
20°up ] I byl ] >3 8
| 30 I
a
TOPF = 600 x 10 Elevator ué l 0 H;g 0.34
15° up >2
a
Elevator I lﬁg
10°up >2
]
2 .
k]
n
.a a a
] l l Stick left Elevator ﬁélauliéﬂo.u Stick right 37]0 |i§§|o.3s 39|‘*Dli§§|o.36
| o° PR W) Id&,dzll;

I

‘ Elevator

Stick forward

20°down

®0scillatory in pitch; range or average values

b given,
Goés into a slightly turning glide,
CRudder reversed to only 2° (2 of its full

deflection)
dgoes into a ve?'%u:al

ainst the spin.

roll,

Model values converted
to corresponding
full-scale values.
U inner wing
D inner wing

down

1,1!

a
(deg)

L)
(deq)

v
{fps)

a
(rps)

Turns for recovery:
Rudder 30°with
to 30° against,

Turns for recovery:
Rudder 30°with
to 0°

Turns for recovery:
Rudder 30°with to O°

Elevator neutralized,
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CHART 33.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 33 LISTED IN TABLE Il

E?udder initially set 15°with the spin; control movement for recovery as indicated]

-«+——— Aqainst Aileron setting With
T K T \J Ll J
20° 7° a ac T7° c 15° .20
[ Elevator T ] I 35[51;[1;1]0,15 ue]gnlﬁé'o.m gilljnllslo_zz 52’104105]0.26
[ - 730°up l AR DR - | >4 ]
a,e c,f c,f
Elevator I [ I I ]139|0-26 E;IGD Blztilz.}o 36]12{%‘6’10.32]
20°up T PR >1 [~ ]
TDPF = 600 x 1070
Elevator §§| 5D I 151&l 0. 32|
Sup |13 |2 2
Elevator %glun l sulo.n
10° up }, 1 >4
E
L
mb2 -‘,_‘_,
b
c,e .
\[ l l Stick left Elevator| | b Stick right B2 |19tz | o.sd | %k |38 ]0.05
| 0° i ¥ 3 = 2y
e
g .
L2
S
h
[ 11 Elevator| | | | NACA [ 1
] . 20°down I No lspm
fHide radius sptn. e Model values converted a 3 v a
Cooetiiatory S0 Sitch; Tangecof averege velues 10 COrresponding (deg) | (deg) | (fps) | (rps)

i .
dp,daer reversed to only 10° (2 of its full

deflection) against the spin.
Wandering spia.
fWhippi.ng spin.

full-scale values.

U inner wing
D inner wing

Turns for_recovery:
Rudder 15° with

Fown

Turns for recovery:
Rudder 15° with
to 0°

to 15° against,
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CHAR'.F 34-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 34 LISTED IN TABLE IL

[Rudder initially set 30°with the spin; control n;oveme'nt for recovery as indicated]
«————— Against Aileron setting With——— =
— T

2[0° 7° a o y -}o a 26"
, ] l 4 Elevator ﬁglm Ix;glo.;u }6] 1°|128|°-33 . ’5‘8
I 30 3 3 R3] 3 [ ]
El;g:?; ilg'zsﬁlo'” TOPF = 600 x 106
S
2
E 4
k]
7
HEE Stick left Elesgmr T ] Stick right T T
l | | |
°
3
8
f_, .
D

. A
ggl QI . l'.lu Elevator |aalsu 113elo.ue V‘:W I l i [
d21,1?;l ) : v 20°down|ﬂ|_ I

A a ¢ . LA Q
iven.
PRufder reversed to only 2° (% of its full :&ﬁggg?:gg?gg;g - | (deg) | (deg) (fps) (rps)
.. deflection) sgainst the spin. U inner wing up Turns for recovery: | Turns for recovery: |
Osg‘i’gxl'atgrzaisegiégeénrol1, and yew; range or D inner wing down Rudder 30°with | Rudder 30° with
. Ygoes into an inverted glide. to 30° against. |to O°,

®scillates in pitch; range or average values Model values converted
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CHART 35 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 35 LISTE

/

71

D IN TABLE II

[Rudder initially set I5° with the spin; control movement for recovery as indicated]

Against . Ailleron setting - With .
| T |
20° a 0° ab 7° d  20°
L Elevator | | hst| | Lt , 2138 slon
I 30°up L1 °1§,§3I >2
. TDPF = 600 x 10~6
g - . a2z 10
2 mb oY
x
°
»
a .
[ T Stick_lett Elevator | | [ | Stick right [ [ef
] o Ry
2
' :
.8
E 4
L
|
!
| | Elevator | | | | [T
NO | SPIN 20°d0an NO{8PIN I
SWandering spin. Model values converted [ 5 - b v 2
‘gguhégg}'n%eegrgéd to only 10° (-% of its full - ;&f:g;f:eg?&gg (deq) (deg) (fps) (rps)
deflection) against the spin U inner wing u Turns for recovery: | Turns for recovery:
4 tch, roll, and yaw; g up A S
o e e e xS | e TSP | Rudder' 15 with
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CHART 36, SPIN'AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST(CONDITION 36 LISTED IN TABLE I

) [Rudder initially set 30°with the spiny control movement for recover

y as indicated]

<——— Aqainst Aileron setting V\ﬁith ,
) T A
20° 7° a 0° a 7° 15° Zl(f
[ | Elevator l I l | l l”l l I 139| I I I !33 Iunl 21 l0.23
30°up { P8 % % [ 6
BRI EN
Elevator l ] | | | lshl I l 15u|o.27 I I139|
20°up | "1&,"1}; 4,4 I >3
I >4 ’ .

TDPF = 50 x 10°°

.

Stick back

e f
. . " 2
] l l Stick left Elevator Z“IAIU llSIIO.Sl Stick right 3% 10 51 fo.kg|
o Is;m 0° 1,1 | >4 1,2 I
Elevator T I I
5°down o | spmn
b
(=4
g
S
4
<
2
[ ] Elevator [ 1] [ ]
I 20 down I NO I SPIN
24ide radius spin. Model values converted a ) v 2
byisual estimate. . C
Coes into amglfshtly turning Elide. to corresponding {(deg) | (deq) | (fps) (rps)
dRudder reversed to only 2° (£ of its full full-scale values. [Turns for recovery: | Turns for recovery:
ocletlection) agatnst the spin, B :2::'; :‘{r“% L:ﬁ)wn Rudder 30°with~ | Rudder 30°with
C n pit ; verage values ven, .
(Ogciilgtgry S‘pig with a whfg; rgnge of average to 30° against, to 0°
values given. Turns for recovery:
Rudder 30°with to O¢
Elevator neutralized.
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CHART 37.~SPIN AND RECOVERY CHARACTERISTICS OF MODéL FOR TEST CONDITION 37 LISTED IN TABLE IIE
[Rudder initially set 15° with the spiny control movement for recovery as indicated]
-<——— Against Aileron setting With
f T A T I 1
20° 7° a 0° a 7° 15° d 20°
J | Elevator [ I ] ]139| [ Iml l | ] ﬂfgnl mlo.z
. I 30°up l Tlf’ %_ b%’ b% c%, c%._ l >13 J .
Elevator | I [ l |159| I ]15“ | lna I
20°up I b ‘6% @ cEI 5 I -

TOPF = 50 x 107°

4
QO
3
S
. b
b4 f
[ ] ] Stick left Elevator | | |ie] Stick right ;_SLElesu] ERERERE
l : 0° el %2 >23 l>2§ >25
13
Elevator I I l ) l |18‘*J
5°down E? 1[
©
&
- B
k]
. n
1] Elevator] | |- | [ ] ]
[ 20°down [ : %o | sprs

2§ide radius sgln. .
DGoes into a slightly turning glide.

CRrudder reversed to only 10° (£ of its full

deflection) against the spif.
ds1ightly oscillatory in pitch, roll, and yaw;
range or average values given, ,
€Recovery attemptéd before model reached final
t steep attitude,
Oscillatory in pitch, roll, and yaw and has a
whip; range or average values given.

Model values converted
to corresponding
full-scale values. .

U inner wing tgp
D inner wing down

a ¢ v Q
(deg) [ (deg) (fps) | (rps)

[Turns for recovery:

Turns for recovery:
Rudder 15° with

Rudder 15° with

to 15° against. | to O°
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CHART 38.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 38 LISTED in TABLE II

[Rudder initially set 30°with the spin; control movement for recovery as indicated]
- Agalr}st Aileron setting With
T

{ T =
a 20° . ) 7° a,b o° . a,d T° a,d 20°
&D | : 7D
25]|100f 149 0.23 Elevator 25I 9u IISSIO.}Q J |159l ,16&]
1 ° cC1 C e B
b2 . 30%up s e ] 2 |
Elevator 27I 0 |15u|0.39
20%up %3, % I
TOFF = 50 x 100
4
[3]
o
L
k4
o
2
U) t
11 Stick left Elevator | | | | Stick right T 17
| o0 - |
AY
T
[=]
2
A
L
¢ X
L
2
b
a ;
‘“’l 5V |1°"I°-“1 Elevator 29| }U|13°I0-52 14 1D |1540.77
b 9% © ) :
2} "2 | 20°down| f}f13] ELEL
Swanderi in. p
bOScﬁlaggrysDin roll and yaw; range of values moggln‘_':;‘;%:g&?e”ed a d4> v a
iven.
gvs{gés info a sligntly turning glide. full-scale values. (deg) | (deg) | (fps) | (rps)
1 S . . . . .
eRuddor Fevorsed to only 20° (2 of its full U inner wing up Turns for recovery: | Turns for recovery:
deflection) against the spin. Visual D inner wing down | udder 30°with | Rudder 30° with
estimate  oolnen pin. to 30° aqainst. | to O°

fGoes into an inverted glide.
&Goes into an inverted.spin after recovery

from erect spin.,
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CHART 39.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 39 LISTED IN TABLE I

[Rudder initially set 15° with the spin; control mcveme,n;‘ for recovery as indicated]

: e——— Agou;\st . Aileron s[eﬁing wit : :
20° 7° a o° 7° 20°
rl ] Elevator :I:ﬁ El "1 I l l I l l
l sotwe [ | [ [
b

Elevator I21| 5D| 16;] 0.37]
200w [ | |

TDPF = 50 x 1076

Stick back

1T Stick left Elevator | | | | Stick right _ [ T1
I o | I
- .
]
H
S
S
&
. :
38 1%3]111k-ks Elevator | 2390 |16 0.61 ; RS
a3 | . 20°down[°2, °2 | I
%ﬁtaxelgp fpnén w};clh a wide radius and wanders. 1M°de| values g_OnVEl"fed a @ v a
ering spin, 2 0 corresponding :
CRudder reversed to only 10° (3 of its full fulloscale values. (deg) | (deq) {fps) | (rps)

Turns for recovery: |Turns for recovery:

U inner wing up Vs -
* D inner wing down F:d‘%ir Jgoi:‘vg& l?gdgg.r |’5° with

deflection) against the spin, .
%scillatory in roll and yaw; range of values

given,
®coes into an inverted glide.
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CHART40 ~SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 40 LISTED IN TABLE 1T

[Rudder initially set 30°with the s

pin; control moveme,n;‘ for

recovery as indicated]

Against Alleron setting it
I j . 1 T. —1
20° a o° ac T° 15° 20°
[1 ' Elevator l lll9l°-'l7 I llesl ‘w]anln} 0.2¢
L 3ooup l]i" % b d’]i' dl‘ o I
[+ ; .
" Elevator 3°| SDIW‘I"-Z? Eglsnlnslo.zg
20°up bl I o0
TDPF = 600 x 10-6
!
4
o
2
3
)
c,e . e
] | I Stick left Elevator §§|an Ilzﬂo.xu Stick right §§| 5p [}6 o:4o
| . — 0° PN S ’ 1§'>5[
b4
o
:
L
3
»
[ [ Elevator | | | | [ 1]
I 20°down NO I.spm i ]

&yide radius
CWhi

sgin.
bGoes into ais ightly turning glide. .

ing spin.
dfudfer Feversed to only 20° (2 of its full

deflection) against the

in,
eOscillatory in pitch; ranggpor average values
“given.

Model! values converted
to corresponding ‘
full-scale values.

U inner wing up

D inner wing down

a
(deq)

v
(fps)

aQ
(rps)

Turns for recovery:
Rudder .30°with

Turns for recovery:
Rudder 30° with

'

to 30° against. |to O
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CHART 41-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 41 LISTED IN TABLE IO

[Rudder initially set 15° with the spin; control movement for recovery as indicated]
Agamst . Aileron setting with ——— =
T

T 1

20° V a (0)d a,b 7‘; 15 20°
l ] ] Elevator l 1139] l llzslo.n ’Wlmlml 0.24
l SETIN P % 2] = |
a
Elevater | [ [131] T Tudl
20°up . 1 : T Py

_ TDPF = 600 x 10-6

x
(3]
8
3
(7) -
. d i .

I | l Stick left Elevator [e3 Lon |151|o.39 Stick right §2Iun l]lulo.ko
| , O° %, »2| »9 - ’ 6
B
3
K]

3
o

|

20°down NO l SPIN

Til Elevator I l | | ) | l, L

;Ww%lde radius spin. ;wodel values gonvérted 2 P v a

ipping spin. 0 correspondin .

CRudder reversed to only 10° (2 of its full full-scale 'w)mluesg (deg) | (deq) | ‘(fps) | (rps)
deflection) against the spif. Goes into a U inner wing up Tumns for recovery: | Turns for recovery:

dy *‘““Eéiiu“égﬁa 1011112150 obtalned D inner wing down RUddeor I5%with | Rudder |5° with

esushuy oscillatory in pit . ' to .I15° against. | to 0°
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CHART 42-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 42 LISTED IN TABLE I

[Rudder initially set 30°with the spin; control movement for recovery as indicated]
: . «——— Against Alleron slenlng Wlfh'.——ﬁ- .
20° . a O be 7° v 20°
] [ l . Elevator l 115'4 %lsn Imlo.es 34“ 12p |1}o |o.33
I 30°%up 5o} 4yl ] >2
TDPF = 600 x 1070
s
a
k]
n
l I I Stick left Elevator ] I ] Stick right’ l [ |
| o’ l
°
o
2
L
x
02
z;, !
e (
§3|%§|’}l 1u7l°.50 Elevator 23' 1°|15“|°-5“ I l [
T3 20°down[8 1,81 |

%Wide radius g
Oscillatory i
CWaxgniiZg?ﬁg spi
SRudder revegs

deflection)
€pscillatory i

in, )
gpitch; range or average values

n, -0 2
ed to only 20 (3 of its full

against the spin,
n pitch, roll, and yaw; range or

average values given

fgoes igver%ed
erect spin
&Goes intopan

and_then'begins to spin in a left
after recovery from right spin.
inverted dive. : .

Model values converted

to corresponding
full-scale values.

U

D inner wing down.

inner wing up

a ¢ v a
(deg) | (deg) | (fps) } (rps)
Turns for recovery: | Turns for recovery:
Rudder 30°with | Rudder 30° with

to 30° dagainst. |to O%
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CHART 43-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 43 LISTED iN TABLE I
[Rudder initially set 15°with the spin; control movement for recovery as indicated]
-——————— Against Alleron setting With——— - :
' 1 T
20° a,b o° 7° a 20°
, l —, Elevator IHBI ,17ul E}Lsn[ 30’0.31
¥O Ispm 30°up i3 Sal | >2}
TDPF = 600 x 10-6
x
(%] -
o
o
<
L
&
I Stick left __ Elevator |3 [F5]5]7 Stick right [T
©
NO ISPIH 1}' %’ : NO ISPIH
B
o
:
. p K]
x
L2
o
[ [ ] Elevator | | | | 1]
“°I SPIN 20°down NO |spm NO [sPIN
Syide radius spin ;Model values é:'onverted a ® v a
i . 0 correspondin '
c\vlkiuslggi‘lg‘étis:%ége. Rudder reversed to only full-scale ?,mues? T(degf) (deg) T(fPS: (rps)
20° (2 of its full deflecti inst ; ; urns for recovery: (Turns for recovery:
e e on sgains o iner "J,'i'r“g down | Rudder 15° with™ | Rudder 15° with
dSlisgtslg gécillatory in pitch; range or ) te 15 against. [to O, .

average values given.
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CHART 44-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 44 LISTED IN TABLE II

[Rudder initially set Eo°wnh the spin; control movernengl for recovery as indicated]

-—

TDPF = 50 x 10

6

gainst Aileron seﬁlng Wit
a . 7°
Elevator ;?:[m Ils;lz.uu 27]1”) lm]o,u,
30°%up 3 b, 2

Stick back

JOI 10 lizs]o.’*é

Elevator

b,

20°up

1
c 20°

§g 123 EL gg Io.'*i
>4

I l | Sfiék left Elevator T ] ] Stick right aol 11)115);10,70
l 0° No |sPIN 1t 1§|
e
g ,
e
8
]
I I l Elevator l I [ l [ l
] 20°down l . nalspm

%scillat.ory in pitch; range or average values

bﬁuﬁder reversed to only 2° (— of its full
deflection) against the spi

CWhipping spin.

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

a
(deq)

(dg’g)

v a
(fps) | (rps)

Turns for recovery:
Rudder 30°with

Turns for recovery:
Rudder 30° with

to 30° against.

to O°,
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\

CHART 45~SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 45 LISTED IN TABLE IO

[Rudder initially set 15° with the spin; control movement for recovery as indicated] ,

: ~«+———— Against Aileron sletting Wi'rhl - i -
20°% . , ‘ o° a’  7° . 15° a,c 20°
1 ] I : Elevator 23[59 Léglo.lu& J16k[ ’ I l15ul
[ - 30°up |3 |- - %3 ] >5 |
Elevator | 20|30 Imlo.so ‘
20°up 72,,1;"
TDOPF = 50 x 10-6
e ' Elevator ;gl 2D l1sulo.51 ' . Jerfimw ]169 Io.60
' 15°up 1,52 A > 2}
' Elevotor- - 20]3u <I179|0.53‘ )
mb? 10°up %- &
| 3
[ 4 .g
S
&5
TTT1- 1 . Stickleft  Elevator [ | | | ].: . Stick right - I ETET
. 0° , 1 _
L vo |spn 3 él :
' ;

b4
g
R}
S
‘ ]

T O i T

| 20°down | : T l
dering spin, ~© ' Model values converted ' ‘ ;
B der T5.ePaed to only’ 10° 3 of its full to corresgond&gve | & |l et e )
c.deflection) against the spih. - - © full-scale values. \deg) | 9 ps) .| (rps ‘
Whipping spin. ) . U inner wing u Turns for recovery: | Turns for recovery:
: : . - ng up Rudder I5°with ~ | Rudder. 15°- with
D inner wing down |9 15°against. " | to 05,
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CHART 46.—.SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 46 LISTED IN TABLE I

[Rudder initially set 30°with the spiny control movement for recovery as indicuted]
——l

4——Agmnst Aileron setting With
) A Al ]
a 20° 7° c,d,e O° c,d,e 7° |é° a,c 2|0°
I 139.l Elevator ] J ] ,'wzn 136032 % lg.g 139|°~32 I I l Egllon 123|°-31
30°p | + 3] > 5, hy | - >5
1. 0% Ii ﬂ 1,1 14, 2
Cc,e
Elevator ] ] | 27| |1“7[° n | ll‘*‘*l . RgJSDHEEIO-Bs
: . 20°up T | >¢ | [>s
TDPF = 50 x 10 [iil 1, 14
Elevator I l I
15° up
(4
Elevator [ l l 29 | 50 | 137 0.7
— * 0 10°up >b
-2‘6, [
Elevator|. | I l o l ng[o.sr
5°up f_—’ B
»
M AN c
[T Stick left Elevator [ | | | stick right [ [ Res] | |w]
I 0° No | spIN Igé' 63 3 %ISI’}'BI%I
L
x
©
)
[T Erevotor] [ | | [T
[ 20 down l [

aOsmllawry in roll and
Goes in 0 a spm to the

o ent ¥eft after recovery
°05c111a.ox'y inppitch range or aversge values
4, Bive
Wandermg
ger revgrsed to only ¢D
deflection) ainst the g

i
Recovery attempted before mgdel reached final
steep attitude, )

of its full

Model values converted
-to corresponding
full-scale values.
U inner wing
D inner wing

a ¢ v a
(deg) | (deg) | (fps) | (rps)
Turns for recovery: [ Turns for recovery:
Pown  |Rudder 30°with™ | Rudder 30°with
to 30° against, | to O°

Turns for recovery:
Rudder 30°with to O
Elevator neutralized .
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CHART 47-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 47 LISTED IN TABLE II

[Budder initially set I5° with the spiny control. movement for recovery as indicated]

-— Againft Aileron ‘setting W'ifh , ]
; N
20° 7° ab O° ab T7° 15° a 20°
l l Elevator [ I | I Egﬂ _ I |139| I I ] % 1on]121 lo.;o
[ 30°up [ T ERRER" | >6 |
Elevator l 1 l [25|2° |15" l’-‘”
zoouP l I e >7
TDPF = 50 x 1076 /
Elevator lzkro |157 lo.h_s
15up [ >
a,d
Elevator zel 0 1169 Io.sb ]ii?lo.w
I0°up [}.>2} [ >3
Elevator I l l g ] |>179lo.ho
‘ N soup N ) % 31%
;.;-) .
[T Stick left Elevator| | | | Stick right [ Rssl
| 0° o | spIn % % Ie Rt
’ e
g
L
3
bl
. | I I Elevator | | I l l I
l 20°down l nol SPIN
Bpscillatory in pitch; range or average values = Model values converted a ' ¢ v Q
byaEiven. to corresponding (deg) | (deq) | (fps) [ (rps)

anderi spin,
chudder réversed to only 10° (2 of its full

d., deflection) against

Whipping sg n.

€Recovery attempted be
steep attitude. .

the spin.

fore model reached final

full-scale values.

Jown -

U inner wing
D inner wing

Turns for recovery:
Rudder 15° with
to 15° against.

Turns for recovery:
Rudder I5° with
to O°.
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CHART 48-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 48 LISTED IN TABLE T

‘[Rudder initially set 30°with the spin; control movement for recovery as indicated]
Against Aileron setting With— = -
o T T

b 2|0° ) 7° c o° d 7° ) 4 20°
3230 139 0.53 - Elevator _|26]s0 lm]o.az I Jnsoo. L [
1] PR - v 3 s N o §

[

Elevator §2|w llaslo.ua
20°up [%: 51 l

TDPF = 50 x 10-6

Stick back

Two typ|es of spin
a

" 156]11p
a 5l+| 9u|sz lo.’6}
8T €D . R 6, 6% , .
|2 Il7UI sgl 0.5 Stick left Elevator L3 Stick right I | I
T © -
l%,YsL 0 32I5“ II“I 0.49 STEEP l 8PIN
' : ' Bz | N
B
[}
5
x
2
[42]
Two ty|pes of spin
a
62| 4D | .
7%' 9y lso I 0.54
a Elevator hai v :
43100 © 20°down ; o .
7% Ir(ul s9lo.k9 0 . 51|BU |9“l°-'*6 : I I [
f .1 £l
' hai | \ . 32'_%I l
80scillatory in pitgh, roll, and yaw; range or Model values converted a ¢ v 2
verage values n, : i
gUngte & turning %a:g about spin axis. to corresponding (deg) (deq) (fps) (rps)
Oscillatory in pitch; range or average values full-scale values, .
agoEiven. _ U inner wing up Tgrté% for ge(;;gverr)‘!: gxr(rj\g for recovery:
cHandering spin, o 2 . . . udder wit udder 30° with
Rudder reversed to only 20 (5 of its full D inner wing down 4 "350 against: | to O°

1., deflection) against the spin.
Goes into an inverted glide.
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CHART 49~ SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 49 LISTED IN TABLE II

[Rudder initially set 15° with the spin; control moveme_r;;‘ for r

ecovery as indicated]

«—————— Against __Aileron setting. ith————=
| T 1| 1 I §
a_ 20° 7° c,d  0O° 7° c °
g 1;11"6 L-% Elevator |i7kl I , ] l ) :z{l
i 30%up 3.5 P& 7% [ R
lb%,béi ) I'bib% fE.fg
Elevator |21 I'}n |159 E.uz | ‘
20°p (&2 [® };,blllr
TDPF = 50 x 1070
‘ E 4
s
o
4
L
. )
h .
it Iﬁ"}| 91 Io.so Stick left Elevator esl 30 |135| 0.55 Stick right- | [
3 3] ‘ AR I
| b
R
4
0 '
b
Two typjes of spin 4
5'ol 2u lgu lo.M—s ‘
n Elevator 5.1 5]
(-]
T ol 20 down | FT e el oo TT]
Co i2, i 2 I I

B4hippi in,
bcoegpiﬁosgn_inverted dive.

c

Wandering spin.

dOScillaegrypm itch. .

€ approximately g turn after rudder reversal,
model's attitude became very steep at which
time the u? elevator caused the model to pull
%p t1'{1“.0 a %atter attitude and continue turning

o the right.
rHecovex'y at ticnpt,ed before model reached final

steep attitude.
8Rumierprgaversed to only 10° (% of its full

deflection) against the spin.
Oscillatory in pitch, roll, and yaw; range or
i average values given.
Goes into an inverted glide.

Model values converted
to corresponding
full-scale values.

inner wing up

D inner wing down

U

(deg) | (ada)

v a
(fps) | (rps)

Turns for recovery:

Rudder 15°with
to 15%against.

Turns for recovery:
Rudder 15° with
fo 15°against;
Elevator reversed

to full down.

: Turns for recovery:
. Rudder 15°with to 0%
Elevator neutralized.
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CHART 50-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 50 AND 70 LISTED IN TABLE II

‘ [Rudder initially set 30°with the s;;in,- control movement for recovery as indicafed]

[ — Ag(%insf Aileron s'eﬁing With —
20° 7° o° b 7 a 20°

l [ —] Les] 1D m]o.n] 22J 120 1%]0.}6] 172| ]
- ‘ Clevator A R S e
up . ]
N e L1 1] LT BRET

Elevator 2 I = RJOM] : TOPE = 200 x 106 .

11,71 ’

20°up

Stick back

Ix - Iy
mb2

5&' sU | 9% Io.ﬂ] . }6| 3U 121]0.R7J é:l 3D |198 |o.7zl

2k, 2} i 2 Stick left Eleg:?or 13,1} Stick right 1,1
N EEIEI :

=120 x 1077

©

-

o

3

= .

&

E 4

L

o
b
8] up .
66| 13u] 96 I”i'b . !ul 3V f108 |o.'+7J ' [ ]

1

T3 T Elevator [ f:1f5 ‘ -
u:& '; up T | ~20%own’ 'j“ % B354 | ‘
| B s (L[ [ |

eoes into a slightly turning glide.
,  TO

Oscillatory in pitch, Toll, and yaw; range ~ Model valuesconverted Rectangular wing
or average values given.' to corresponding - -
CRudder reversed to only 20° (£ of its full full-scale values a ¢ v [
Jeflection egatnst the spin. U inner wing u T(rde?) (deg) | (fps) [ (rps) °
Approximately one turn after rudder reversal D inner wing down g Va%gré%:gxsrh)’ Turns for recovery
model's attitude became very steep at which . U . Rudder 30°with
time the up elevator ceused the model to pull fo 30° against. ugaer SV wi
up éﬁgo 8 tJEm.’f.er attitude and continue turning to 30° aqainst.
! é?ﬁgﬁntg:?yg i})ﬁ'v?gtégd g;ﬁé or average values given e ¢ v a
| 5 av P H - ‘ (d
‘ eq) | (deg) (fps) | (rps)
| .

-Tapered wing
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CHART 51-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 51AND 71 LISTED IN TABLE mm

E?udder initially set l5°s\¥i1h the spi

-~—— Aqain

n; control movement for recover
With

y as indicated]

Aileron setting —_— )
20° 7° a o a 7° 20°
RN o] wlifos] [ [ Tu] ] [ [ ]
] S N [

T

36| o0 | aug |o.k2]

—
LT

Stick right

L[ 1]

Elevator ‘
.20°p e I ‘
x
(53
3
S
&
ugl 7u | 98 Io.uz] I l l
23, 3% 1 __Stick left Elevator
3, 33 ‘ Oo |
T
y ®
g
S
3
&
e ! e
5ul 4y 91]0.%] ) Ri'iu 116 ogjo]
o fs]!',fsé e

=l Jo

8andering spin

DRadder reversed to only 10° € of its full

¢ deflection) against the sgi .

Rudder reversed before model reached its final
steep attitude,

dOscillatory in pitch_; range or average values

e given, .

Oscillat.ory in roll and yaw; average values
ven, ’

fGogs into an inverted glide.

2Elf;otor Y305 o |
0°down .

Mode! values converted

to corresponding
full-scale values
U inner wing up
D inner wing down

a

Rectangular win

T

a ¢ v Q2
(deg) (deg) | (fps) (rps)
Turns for recovery: Torms Tor recovery
Rudder 15° with oy

: Rudder 15°with

t0 15% against. to I5%against.

a ¢ v Q
| ' (deg). | (deqg) | (fps) | (rps)
Tapered wing -
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CHART 52:SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 52 AND72 LISTED IN TABLE I

[Rudder initially set 30° with the spin; control movement for recovery as indicloted]
. -—— Agulnsf -Alleron setting With - )
r g T B T - ki

20° 70 .Oo a 7° e - 20°

\

I I | . ] | I 31| 5D 139]0.3—51 I 164 | j

l _ l ] ) » TDPF = 300 x 1076
Elevator | =
20°up 1,0

o Lo % o]

Stick back

£ i * Elevator 2 -
2 o | Stick left , o . 3, b Stick ng.ht .
Hﬂﬂ 0.4 _ | 33]6u | 126 [ 0.50|

Stick forward

.a>

E: 11U 106'0.141&] ‘ 36]70 11&[@ l - l j

13,81 Elevator [g:3 &1 — .
| ;2] 1;'3' 103fo.45 ' 0.49 _

831ightly oscillatory in pihch range or average Model values converted

Rectangular wing

DRrudder ressrecd to only 20° (2 of its full :o"correspmtlimg
eyl flection agglrsxsgggkéewh iR, . » J’ :ﬁ’e'f m‘;e:p 1] (deg) | (deg) - (fps) | (rps)
gﬁggiog&gc&i é%ttlyurnugﬂgg r\]iéder reversal D inner wing down Turns for "efo.vefy T for
TrieLis die Bete famy st S e T URudder 30vith | Turns for ecovery
a fla ter attitude and continue to thrn o' the . [%30° against. t030°a Olnsfl
fOsciflatory in roll and yaw; range or average values -
(ct!g)

given a v a
8Goes into an inverted dive. i l (deq) (fps) (rps)
: ‘ ‘ A Tapered wing
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CHART 53-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 53 AN'D 73 LISTED IN TABLE T

[Rudder initially set 15°with the spin;control movement for recovery as indicated]
-— Agoms’t Aileron sethng With

J R
a 2 7° b 0° be 10 20°

o ‘
el e (T [=l]
[EEJ | o | I N B >2 |paon
oo g L s

Eievator [ ' dl ]n
20°up .82

D
o] 3] ssoboue

TDPF = 300 x 10~

Stick back

Ix-1 -l
—X—Z—X--lmxlo

mb

e
Eg 1l¢g 116 o.usl . l 1lu¢| J ) o I I J

1,11 [T 1e3].  Stick left Elevator | 1%, 12 £  Stick right - ) ’ '
il N oo it 4 | [ .

U
o.kG 18 | 3U | 180 [0.65 . .

Stick forward

f

gg] v |98 |ﬁl 31| 7u 125|o.55J : . l ] I

&8s |le0T 8] | Elevator 18, &} |1z, 5,1 L
2 b 6 20°%down 2 1%, %2
¥

%%ﬁeﬁ%é“igs"“‘ MOgglrevsoFl)g%% cgnverted Rectangular wing
pping spin 2 : r in -
drudder reversed to only 10° (5 of its full fuII scale values. (d‘;g) (dtg) (f\; o) (r%s)

deflection) against the spin, inner w1ng u
cﬁ)wn

€0scillatory in pitch roll, and yaw; range or Turns for recovery:

average values en, inner wing
foscillatory in pi%ch range or average values Rudder 15°with gjrgz forlée‘,co‘ﬁry
glven, t015°against. udder 15 "wi
SGoes into an inverted dive. | | to I5° against.

‘a [+ v Q1
(deg) | (deg) | (fps) | (rps)

Tapered wing
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CHART 54,-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 54 LISTED IN TABLE T

[Rudder initially set EO"_with the spin; control movement for recovery as indicated)

l gcurl\sf -_Aileron sleﬁing With
¥ 1
20° 7° a o° ab 7° a,b 20°
| lll Ezlgl‘,(]l}’gr E:I‘*D%llwlo-n §§|7D|1|39I0-33 22'1&0[134’0.35
3 >2 ’1%
. a
28 1u]11a4]o.35 I | ‘ Elevator 3°‘13DI1“‘?I°"‘2
lna [Jeow [
TIPF = 600 x 1070
4
-
S
)
[T Stick left . Elevator | | | | Stick right L 1]
[]
[ o |
( B
:
L
-8
b
€ .
%lSUIxoalo.hé Elevator 31| 6UImlo.53 » 1 l [
T, fl%“ - 20°down 51%,51§| . J ‘

8yandering -spin.
bOScillaggrypin pitch; rang

c given.
Rudder reversed to only .e)
deflection) against the

- dgoes into a slightly turni

t
€0scillatory in pitclYA, roll
average values given,

e or average values
° (2 of its full
spit,

ng glide. :

, and yaw; range or

fGoes inverted and then goes into erect left

spin after recov

ery from ri
&Goes into an invex‘t:cyi glide,

ght spin.

Model values converted

fo corresponding
full-scale values.
U inner wing up

(deq) | (02q)

v aQ
(fps) [ (rps)

D inner wing down

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30° with

to O°,

Turns for recovery:
Rudder 30°withto 30°against,

Ailerons neutralized.
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CHART 55.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 55 LISTED IN TABLE II

[Rudder initially set AS"

with the spin; control movement for recovery ds indicated]

qainst Aileron setting With
m 4 § T 1
20° : 7° 0° v 7° b 20°
l I | " Elevator l |1'*2| 29 9D | 154 0.32 nlxsnlnslo.)a
[ 30°up 8182 >33 >2}
Elevator : 23] !w|169|o.33
200 CI'CI
P Z 2 TDPF = 600 x 1070
,\\ <
8
S
)
[T 1 Stick left Elevator [ ] Stick right 111
I , ‘ |
e
o
' z
L
3
o
a ;

§;19U I115|°-51
€,

Diamtr o5 ST
clatder reversed to only 10° (%

- deflection) against the spi

Elevator

25 I 1] 1135 lo.59

20°down [°1, °13 . ,

of its full

n,
dOscillaL'c.ory in pitch, roll,pand yaw; range or

e, average values given.
®Goes into an inverted glide.

L]

I

Model values converted
to corresponding

(deq) | (&)

v
(fps)

a
(rps)

full-scale values.
U inner wing up
D inner wing down

Turns for recovery:
Rudder i5° with
to 15° against.

Turns for recovery:
Rudder 15° with
1o 0°
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CHART 56.SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 56 LISTED IN TABLE TIT

[Rudder initially set 30°with the spin; control movemepg] for recovery as indicated]

) -——————— Against Aileron setting Wit
T - T T PR :
20° a o° b 7° 20°
. T
l l | Elevator 32[“ ll'*‘lp’-” 3"|7D I131l°-25 uulsn |11}Io.29
o
| 3°w [ pa] | B 3 ¥ -1 ]
d
25
37] 3nllua|o.29 | l I Elevator
- 1 o
- u
TDPF = 600 x 1070 . i3 l 20°up
E 4
o
=1
o
‘x
]
2
\
l l l Stick left Elevator 2slku I1u6|o.51 _ Stick right j‘ol;n [126[0.51
NO |spm 0° 1,1 >5 1%: 1% L>k
: 3
-
L
x
L
)
) d
~ e i 11
| l | . _ Elevator | | | | hRce EE
I 20°down NO I BPIN | T,
Byid di in with a whip.
bSlighﬁylg:cﬁlawry in pitgh and wanders; mogglr::éu%sngg\nve”ed a (-] v a
. average values given. _ o o p g (deg) | (deg) (fos) | (rps)
Rudder reversed t6 only 20° (5 of its full full-scale .alues. T f b f
deflection) against the spifi. i wine urns Tor recovery: | lurns tor recovery:
dogcillates in gftch;s range br average values given. U inner wing up Rudder 30°with | Rudder 30° with
€¥hipping spin, D inner wing down to 30° inst to O°
hocEPinto Bn laverted glide. : o against. 00,
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CHART 57-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 57 LISTED IN TABLE T ~

[Rudder initially set A!5°_with the spin; control movernenL for recovery as in'dicuied]

: gainst Aileron s;eﬁing Wit | : -
20° ) ' . . a 0° a 7° 15° c  20°
l l —L Elevator ] ]ml 33|un Il39|o.20 75[13» |i§§|o.e7
I _ 30°up Y I 1 % | >13 |
Elevator pu I 8D IRZIO.}S
TDPF = 600 x 10~ 20°up [>s
<
S .
R o
S
»
[ - c

I ] l Stick left Elevator a;] mﬁgglo.so Stick right §§|up]%§ 0.51

NO I BPIN o° 1, 111; >10 ' >3
fE
g
8 ~N
4
L
&

T[LL ' Elevdfor- I l l - I |L

20°down|"  xo ]‘spm ’ KO Ispm
8fide radius spin. 0 2 Model values converted [ ¢ v a
DRudder reversed to only 10° (5 of its full to corresponding (deg) | (d f
3 fi eg eg) | (fps) | (rps)
deflection) against the spid, ull-scale values. -
Coscillatory in pitch; range or average values U inner wing up Turns for recovery: | Turns for recovery:
given. . D inner wing down | Rudder 15° with | Rudder 15° with
9 to 15° against, |to 0°
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CHART 58.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 58 LISTED IN TABLE I

[Rudder initially set EO°

v

with the spin; control movernen:‘ for recovery as indicated]

gulnst Alleron setting Wit
| I T 1
20° a ab (> |5° 20°
] I l Elev:)for l; 1139| TB‘?] ’*31131:]116]0.26
I : 0°wp [ 33 2] 2% e | =
b v,d |
Elevator [2:[“ Iisalo.ss 32] mIg;Io.}o
_ 6 : 20°wp |3 2 ]~* |E
TDPF = 50 x 10 -
_ -
Q
. 8
3
)
. e * d,e
[ ] | Stick left Etevator [22] % heulo.s: Stick right M L‘|13g|0.,‘,
l ok i e 3

i

I

3yide radius spin

’

Stick forward

Elevator ] II

20°down ]

scillat.ory in pltch range or average values
cRugder reversed to only 20° (2 of its full

dyni

deflecnon) against the spin.
eOscggln%ory in piteh, roll, and yaw; range or

average values given.

Model values converted
to corresponding
full-scale values.

U inner wing up

D inner wing down

[ ]

NO l SPIN

a
(deg)

(dg’q)

v
(fps)

a
(rps)

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30° with
to 0°
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CHART 59- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 59 LISTED IN TABLE IO

" [Rudder initially set

|
Against

5° with the spin; control movement for recovery as indicated]

deflection
¢oscillatory i

iven,
dWaﬁdermg spin.

eWhipping spin.
fRechenr?- att

steep attiggg

ainst the
na%itch; ranggp or average values

in.

ed before model reached final
e. .

full-scale values.
U inner wing up
D inner wing down

Aileron setting - With]
{ ] I !
20° a o° 7° c_15° 20°
| I Elevator Hﬁgl | |iﬁ?¢l 26 11D 118{0.2Y 53|m| 16|o.25
| 30°up IR >3 >5
. d c,e .
Elevator | Imsl l lﬂgjo.;u
-] 1 2
TDPF = 50 x 1070 20%up i . >3
.
K 4
O
o
o Ee)
x
]
n
c,e c,e
I Stick left Elevator sy Stick right | 320180 182 o.80] {52 14D 183 0.1z
| ' AR STIEENET
’ ?
o
z
ke
E 4
/ ]
o
| ] Elevator| | | | I
I 20°down No l SPIN ‘ : uol BPIN
-Boscillatory in pitch and has & wide radius, Model volues converted [, T e v a
URudder reversed to oniy 10° (£ of 1ts full to corresponding (deg) | (deg) | (fps) { (rps)

Turns for recovery:
Rudder 15°with

to O

Turns for recovery:
Rudder |5° with

J
.

to 15° against.
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CHART 60.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 60 LISTED IN TABLE TIT

[Rudder initially set 30°with the spin; control mcyvemen;l for recovery as mdncoied]

— -— Agoms’r Aileron slethng Wit

20° . a 0° - a,c 7°

l I Elevator 25| 69115210.39 §-61] 7Dlw+lo.}k }‘(IIZD ll}oLv 32
| : 30°%up Py} 4, 4 P1,be |

TDPF = 50 x 107

Stick back

R a
l [ ] Stick left Etevator | | | [ Stick right l IIG“i
I o :
®
o
:
L
. 4
L
» .
;ul 9u|m|o.us Elevator 30.[5" l128|0-51 v . I | | .
%% | 20°down| 1, 3 | |
BOscnl;a‘t.ory in pitch; range or average values Model values converted a ® v a
hGoes into a slightly turning glide. to corresponding (deg) | (deq) | (fps) | (rps)
SWandering sp 5 full-scale values.
Rudder reverseé to only 2° (2 of its full U inner wing up Turns for recovery: |Turns for recovery:
o
deﬂeg{,ion) a§ainst ghe spifi. Goes into a D inner wing down Ruddeg 30°with | Rudder 30° with
€Go ﬁtoyan invertsd glide. . to 30 OQI.JmSt' to 0%,
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CHART 61.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 61 LISTED IN TABLE IIT

[Rudder initiaily set 15° with the spin; control movement for recovery as indicated

<+—————— Against Aileron setting With —
I T ~ I ¥ 1
20° o7 v ap O° 7° a 20°
l I I Elevator ¥ T I179| I I I ’ | Iml
: l 30°up >2 [ %1 |
b - - .a,b;e
Elevator |22 4D L79 I°-"° églligl 156|o.l+7
20°wp %2 | .0
TDPF = 50 x 1070 .
-, -120 x 107% >
2 (3]
mb’ o
L
>
2 ,
‘ n
r I I Stick left Elevator l | l Stick right | ] r
I - @ ' l
2
o
o 3
S
- K3
Q
o )
i . . .
30 nu|1)a|0.52 " _Elevator §E| 50113910.59 [ | [
h&. hll . 20°down|d1, 91 I r
8Whipping spin. . - Model values converted
Diand in, : a v.|,62a
c%"ef“c‘g&g}y“eggi“ ted before model reached final ;&lcg;f:ggmgg (deq) (dg’g) (fps) | (rps)
ste al ude, = v
dgydder reversed to only 10° (% of its full U inner wing up 'glrré% for r%govgrr)ll: 'Ié]rgg for regovgryf
deflect t th ; ip : udder 157 wit udder 15° with
eOchﬂg%ozi';nina%ia%gg, roil?p;:d yaw; range or D inner wing down to |5° agqainst. | to O°,

T avera%e values given.

Goes into a slightly t,urnin§ glide.

&Slightly oscillatory in roll and yaw; average

h values given, | i

lGoes into a left spin after reécovery from right spin.
151ightly oscillatory in pitch; range or average values

3p BLVER: . i
Goes into an inverted glide.
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CHART 62~ SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 62 LISTED IN TABLE IO

[Rudder initially set 30°with the spin; control movement for recovery as indicated]
- Agm‘nst Aileron setting -~ With———M8
] T

20? 7° a__ O »_7° av 20°
l l I i ' Elevator I ]wsl l lxsul : | 6k
l '30°up %, 1 c>2)} [ 72%

Elevator 22| zn] 159Io.u2
20%p [°1,°% |
6 -

TDPF = 100 x 107

Stick back

[ [ ] Stick left __ Eleotor [ 1] Stick right | T

e
g
i 8 -

X

L

Er') -
d
v |12 0.8 ' Elevator [26] 50 [133[0.57 _ L1
be | 20°down| 2. 7 | |
%mdei‘ing in. : . . Model values converted [, @ v a
°Rud§§rn‘i-e3§rség to only 2° (% of its full : ;&l‘_’:é';le:eg'l‘gégg (deq) | (deg) | (fps) | (rps)

deflection) against the spin, . - h T - N :
doscillatory magitch, roll,Spand yaw; range or U inner wing up lums for recovery: | Turns for_recovery

average values given. D vin"IEF wing down Rudder 30°with | Rudder 30° with

to 30° against. [to O°
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CHART 63-SPIN AND,RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 63 LISTED IN TABLE II

[Rudder initially set AI\5° with the spin; control movement for recovery as indicated]

deflection) against the spin
eOscillatory in roll and y
"no spin" condition also obtained
sGoes mvert.ed and then goes into a left. éerect
sgm after recovery from a right spin
hose llatory in pitch, roll and yaw; range or
. average values given
igoes into sn inverted dive.

U inner wing up
D inner wing down

Rudder 15° with
to 15° against.

: gomsf Aileron semng With
A 1
20° 7° a 7° ab 20°
I I l Elevator I l17“l I I I l Iml
I 30%up >1 | >2 |
[+
Elevator ] |159|
20°wp [%3 T
TPF - 100 x 106
S| \
o
F=
>
2
»n
i Stick left Elevator |2q o [179 .65 Stick right [ 1]
[ 0° 1 1 l
3 5 50 | SPIN
\ E .
o
E t
L
4
L .
)
e,f ~h .
I '|no|o.5z Elevator _él 170] 159} 0.61 ”m l I [
b3 . 20°down |13, 12 : |
“®yandering spin. Model values converted . '
Pihipping spin. to correspondin 2 ¢ v a.
Smgge;ngéverggé to only 2° (2 of its full full-scale F\,Ialuesg (deg) .| (deq) (fps): | (rps)
Turns for recovery. { Turns for recovery:

Rudder 15° wnh

to O°
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CHART 64 .-SPIN AND RECOVERY CHARACTER!STICé OF MODEL FOR TEST CONDITION 64 LISTED IN TABLE IT

[Rudder initially set 30°with the spin; control movement for re
A Aileron sethng With

-—

qainst

covery as indicated]

Elevator

b,¢ O° 7°

30°up

]
5o|99l124).19
1, 1
T T

Elevator.

Stick back

b -

20°up

T
20°

l12D1116l0.22

#>4 |

| | l Stick left Elevator [2s]e Iuslo'.}u Stick right | | |
| ~0° 11 l
z
3
2
L
x
(]
5
b b
32[ 16 v -
66| logl 94 IO-‘*O Elevator ] I I 32 | 4D |12 0.46
el%;.e 20°down NO| SPIN Lh I
Byide radius spin,
bOscillatory ig pitch range or average values :_‘g‘)delrvalue?‘gﬁlnve"ed a . ] v a
dWanderin§ fullcs?céf: Bgluesg (deg) | (deg) | (fps) | (rps)
A "no spin" conditlon also obtained.
8Goes inbo an naition S1iee” U inner wing up Turns for recovery: Turns for recovery:

Goes into a.n inverted spin after recovery from

erect spin.

D inner wing down

Rudder 30°with

Rudder 30° with

to O°,

to 30° aqainst.
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Z#ide redius spin with
Cscillatory in pitch;

given. o ,2
CRudder reversed to only 20° (£ of its full

.deflection) against
dwandering spin,

€0scillatory in pitch,
f values given, .
Goes into a left spin
A "'no spin" condition
»Goes into an inverted
1Goes into an inverted

spin.

a whip.
range or average- values

the spif. U

roll, and yaw; range of - D

after recovegy from right spin.
e

also obtained.
glide.
spin after recovery from erect

Model values converted
to corresponding
full-scale values.

inner wing up-
inner wing down

"NACA TN 2352
CHART 65."SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 66 LISTED IN TABLE IT
[Rudder initially set 30°with the spin; control movement for recovery as indicated]
«————— Against Aileron setting. With————= -

T ’ T T 1
a_20° o° b 7° a4 20°
ﬁg:“ LBBI Elevator u6I7D [n}]o.as usl 9Dlu3|o.26 . 13 uJ n;l 0.26)

3 3] 30°up # 43,%3 113

b,d
k}lsn 116 |0-31 Elevator
C1, €14 20°up

E 4

[3]

[«

Fa}

E 4

°Q

. b

e b b
b3 Iu{g.ﬁ 3 L.ue Stick left Elevgtor I l‘%ﬁl 0.2 ‘Stick right 33 Lon R%ﬁ 0.34
fi_’ fH 0 ‘11 18]
B
(=]
:
R
X -
Q2
v
g ) . . L L
|9~l Elevator I lm] ‘*5] 6D ]1";3! 0.4
hy I 20°down h};.h}rl 1y, 11%{

(deg) | (ao)

v a
(fps) | (rps)

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudder 30° with
to 0O°




102 _ : NACA TN 2352

CHART 66.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 67 LISTED IN TABLE I

[Rudder initially set I5° with the spin; control moverent for reéovery as indicated)
~«—-———— Against Atleron setting With :

20° | s O ca 7° Lt 20°
[ 1 ' Elevator I : ]>175] 35|12r>lxz;[o.au 2l ohes fo.23
) I SPIN 30°up b1, b1 °1,e1%| 4 >2
:rDPF‘ . éo.x 106 ) - L1 Dol |Etevator”

2% | 20°up

x
M [$)
8
E 4
L
&
d,1,g d
[ 1 Stick left Elevator [ |20 es b.s7 Stick right [ Bz
. NO I 8PIN 0° 2 % ) : . . >2
T
(=4
3
S
4
QL
)

ITI .Elevotorlll ' III

wo| spw ' 20°down nolsrm ¥o Iapxu
®Wide radius spin. .. Model values converted [, ® v a
PRecovery attempted before model reached final to corresponding ‘(deq) | (deq) (f ;
steep attitude. . full-scale valu €9 eg ps) (rps)
A, steeper t.yge spin also obtained. scaie values. Turns for recovery: |Ti f .
d0sc %égtory n pitch; range o; average values U inher wing up Rudder leffgw?ﬂ’{ Rllfgg rOf ifeswgt?;-
eRulder reversed to only 10° ( of its full D inner wing down |/ 5% ganinst e 5% wi
¢, deflection) against the spid. L
wandering spin.

&Whipping spin.
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Chart 6 7-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 68 AND 75 LfSTED IN TABLEII
[Rudder init-ally set 30°with the spin;control movement for recovery as indicated;unless otherwise

indicated, the data presented are for the round-tipped wing ]
Agair:s'r Aileron setting’ With
T T

LN .
a,b 20° 7° . b o° ‘ 7° a,b. 20° .
291% |139|0 34 'Elevootor 27, wJuélo.}} l l I ' ! bsp I155I°-3°
°1°1| - 30°up FIlF l 11|
‘ ;
a
27 N
Square-tip data 3315‘; l12110-}5 s
Elevator 20°up 18| ' :
Elevator igl 30 [1}6];. 38
20%uwp |43, d}l
' : TDPF = 50 x 106
K 4
[3)
B -]
a
E 4
L0
=
(2]
e .
45[ 10D , ' L. -
é8]180 ulo.uz Stick_left Elevator 32]'*01128'0-“* Stick right l |z>13|
[
°2, 5| 0 1,1 . 0
=
S
=
. Y
L
k4
2
wn .
e Two typsels of spin
ihf22D :
6 |o.b
;:11;&22 Jo 3 Square-tip data 9 s5111]121|o.l&7
) S 51
. uEA Elevator ' “I
150 . : .
ée 13u 6 IO-“B 20°down uul 2u lmé l°"‘3 15]39 |190|o.79
T, q dz'dallfl ' LR
:Osciléraltory in pitch; range or aversge values - tModeI values é:onverted a Py - v 2
Wand ri in 0 correspondin
CGoesiingg gplett spin after recovery fram right full- sca|e '\)Ialuesg (deg) (deg) {fps) (rps)
sp )
dPtudder reversed to only 20° (% of its full _ U !nner wu'ng up E&%L‘:f%@“ﬁg E’;gdsefffsfggoxﬁ{r)"
deflection) against the &pin D inner wing down | "3ne against. | to 0%

e
Oscillato n pitch, roll, and yaw; range or
t verageryvalueg given.

\(/;gsual %Stmgnverted 1ide.
es into an
hGoeg into an inverted gpin after recovery from

erect spin.
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CHART 68-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 69AND 76 IN TABLE I
[Rudder initially set 15°with the spin; control movement for recovery as indicated; unless otherwise
indicated, data presented are for the round-tipped wing]

<«—— Against Aileron setting Wi'fhl , :
{ T T T
20° 7° (o) 7° ) a  20°
l | l Elevator I ] I I I | [171|
[ 30°up [ >3 |
. a,b
Square-tip data 221 30l1“ |°'22
Pt aboniel Ml
Elevator 20°up | 3
Etevator *° 22110 ]155 Io.;s
20°up %o
TOPF = 50 x 10°
K 4
(4]
o
0
o B
L
)
4 .
'ﬂligﬁl ;ulo.uu Stick left Elevator [ l I Stick right | I [
2%, ’ 0° |
B
(=4
k3
R
K 4
L2
a ‘ n
E7|13a [
82 220 91 J 0-45 Square-tip data
oo . .
d : .
?G‘Hia 9k | 0. : . _Elevator t Iuslo.ss l l [
o l 20°down| °3, e;[ |
gggggﬁéggx;pig'pnch; average value; given, ‘MOde' vuluesgpnverted Q ¢ v a
c (s} 0 corresponding (deg) (deg) (fps) (rps)
Rudder reversed to only 10 (£ of its full full-scale values. 0 r T -
ingt the_ spii, i i urns for recovery: | Turns for recovery:
0082‘;{{2%3}.%“%3:?‘?3&“,0‘1’1?Paﬁd yaw; range or % :::ee: tl'izgg :gwn Rudder I5° with Rudder 15° with
€Goes. 1nto an inverted glide. : to 15° against. |to O°
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CHART 62.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 74 LISTED IN TABLE I

[Rudder initially set Eo°wnh the spin; control rncvernen:1 for recovery as indicated]

deflection) against the sp

and has a slt
€Goes inverted then enters a le
¢, recovery from right spin.

Oscillatory in pitch, roll and yaw; range or

dWanders slight

avera%e values given.

&Goes |
erect spin.

o an inverted glide
es into an inverted spin aft.er recovery from

U inner wing up
g‘. erece spin after D inner wing down

-—————— Against Aileron setting Wit
. T 1
a 20° b o° 7" d. 20°
| 1156! Elevator u;] 5D Insl 0.2y uu[nuluslo.zu 46 [13D lns lo.27
i l 30°up L1 Cq, °1[ &1 |
-6 b
TDPF = %0 x 10 1
33|60 I&Elo.}o Elevator
3% | 20°up
-
[
o
L0
4
=
) o
) b i b
l |165[ Stick left Elevator | | [12§ Stick right B wiZlo.ne
T ] T b 1]
b
(=]
2
S
E 4
L
o
f b
42 v 4
5]1511;' gl lo.lu Elevator ] | —[ azl 3DJ{;6|0-50
glg,ggl 20°down No Isrm . h%" h& I
Byide red -
bOscgli‘atglll'g fxpl pxtch range or average values moggL::;:%:g&gverted (dae ) (dg, ) (fV ) (rn )
cpudien Feversed to only 20° (-3 of its full full-scale values. 9 g ps Ps,

Turns for recovery:
Rudder 30°with
to 30° against.

Turns for recovery:
Rudger 30° with
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992"

" Elevator . hinge line —

/—A//erpn hinge //'Qe ‘

NACA TN 2352

Y-Axis \

/ ] L
| ’ ' 482"
- Tz el
510"
32557

2165~
2005=
Z-Axis
Fus. ref fine _/_455' 515"
s
- O

X-Axis =" 455 4 IS

S~ - :
. Rudd
- \3 ncidence vaoer

hinge line

Figure 1.~ ’.‘Lhree-view drawing of model with tail 1la. installed. Center-of-
gravity position, 25 percent €.

/
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- 752" l 6.96" j
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, 6.36”
' 7897~

55°

6.96"— i

- === Round 7‘//53
—— Square tips

Figure 2.- Comparison of the wing rlan forms tested on the model.
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Rudder hinge line

Jorl /e
Tosl /o ”
7o/l /c 515
70/l 16 ST : !
Torl Ja ——— N N\ K _______1 | . \ - ? p
' -1 \ [ 187
SSSShaa \ /6" Sr”"w‘l
————— ———— ] 1
e NS/ — = 11 i *
— ek I
] b,
22
) I
I
Elevator hinge line \
) 992"
A4 — T‘~
3.22°

Figure 3.- The l-series tails (normal tail) tested on the model.
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Rudder hinge line —

Yz

loi/ /7.

Flgure 3.~ Concluded.
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Rudder hinge line

Joil-2e

7”

Toil 2c¢
Tarl 2o—_ . N\ ___—__
‘‘‘‘ b,
12/
oo NI
_ /).55”
- :
£/evator /7/'/796 /ne \
9.92"
— f’f’f ;“_/
_ ™
‘ 222"
v'

Figure 4.- The 2-series tails (large vertical tail) tested on the model.
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Rudder hinge line

111

Til e ————\ '

Toil 3a
Tor/ ‘ I x

Elevator hinge Jine

Partiol-length rudder
extends to this Iline

892

"

,,'

32z

Figure 5.~ The 2-series tails (partié.l-length rudder) .tested on the model.
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Rudder hinge /line

727/'/ 4e "
S/5
Tarl 4d
Jail 4c
7a/! 4a /og'"
e,
83
.

Elevator hinge line

”

11.86

~NACA_

Figure 6.- The l-series tails (large horizontal tail) tested on the model.
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Rudder hinge line

Tari/ 56

7o// S5a \——r'

E/evator hinge line

”

106

8.92

322"

Figure 7.=- The 5 series tails (partial- -length rudder and horizontal tail
moved rearward) tested on the model.
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(b) Rectangular wing; normal horizontal tail.

L-5L7,8
Figure 8.- Photograph of the wing and horizontal-tail plan forms tested on
the model.
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(d) Partial-length rudder; horizontal tail moved rearward.

Figure 9.- Photograph of the various vertical tails tested on the model.
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L-55021

e

Figure 10.- Photograph of the model spinning in the Langley 20-foot
free-spinning tunnel.
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22

180

/

140 \

120 IEAN

Vertical velocity, Vv, ft /sec_

80

eoL 1 ‘ —
0 10 20 30 40 50 60. 70 80
Angle of attack,a, deg

Figure 1l.- Approximate variation of the full- scale vertical velocity with

angle of attack. during spins for an airplane similar to the model
investigated.

~
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Toil la(TDPF=50x107® Tail le(TDPF=600xI0®) Tail (TDPF=1200x10°6)
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vmw
a
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- Figure 13.- Approximate elevator and aileron combinations that might be
expected to lead to satisfactory or unsatisfactory recoveries after
control release for various rudder floating positions. Loading 1;
center of gravity at 25 percent &.
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1074l |a(TDPF=50xI0°€) ' " Tail |d(TDPF=600x1076)
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Figure 1lk4.- Approximate elevator and aileron combinations that might be
~expected to lead to satisfactory or unsatisfactory recoveries after
control release for various rudder floating positions. Loading 2;

center of gravity at 25 percent c. :
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Figure 15.- Approximate elevator and aileron combinations that might- be
expected to lead to satisfactory or unsatisfactory recoveries after
control release for various rudder floating positions. Loading 1';
center of gravity at 40 percent &.
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Figure 16.- Approximate elevator and aileron combinations that might be
expected to lead to satisfactory or unsatisfactory recoveries after:
control release for various rudder floating positions. ILoading 2';

center of gravity at 40 percent &.
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table V.)
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