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SUMMARY	 - 

An investigation has been conducted in the Langley 20-foot free-
spinning tunnel to determine the effects of mass and dimensithial 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 
ldading 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 recoveryby 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 recoveMes. 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. Changes 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 wibgs 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, 19119 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 spin 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 é. 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 design 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, 199 (reference 3). 

The model 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 witha 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 is stipulated in reference 3, sufficient tests 
were conducted by,niovement 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 

S	 wing area, square feet 

mean aerodynamic chord, feet 

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

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

m	 mass of airplane, slugs 

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

moments of inertia about X, Y, and Z body axes, respectively, 
slug-feet2 

Ix - ly inertia yawing-moment parameter 
mb2 

IY - Iz
i'nertia rolling-moment parameter 

mb2 

Iz - Ix inertia pitching-moment parameter 
mb2 

P,	 air density, slugs per cubic foot 

relative density of airplane (m/psb) 

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

0	 angle between span axis and horizontal, degrees 

V	 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 

br	 rudder deflection, degrees 

ba	 aileron deflection' , degrees 

TDPF	 tall-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 interchangeable 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 and 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 horizontal 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 10-6 , 200 x 106, 300 x 10r 6, 600 x lO_6 1 1200 x 10-6 , and. 0. For 
example, tail la is the normal tail (normal vertical tail with full-
length rudder and normal horizontal tail) with the horizontal tailso 
positioned vertically that the tail-dampihg power factor is 50 x 10-6.
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The dimensional characteristics and designations of the various tail 
configurations investigated are tabulated 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 121
 
-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 1 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 in 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 
aileron-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 co. 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 launched in a spinning attitude with the 
controls set for the spin, the condition was recorded as "no spin." 

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 configuration and the 
rudder is not fully revérséd.. 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 slowei 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 
spinning control configuration as just 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 1 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 1 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 miliiary-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 reTference 3. The requirements are summarized briefly 
as follows: 

For an airplane licensed in the normal category: 

(1) A 1i- turn recovery after a 1-turn spin by releasing controls 

(controls assisted to extent necessary to overcome friction) 

(2) "Uncontrollable spin" check - airplane capable of recovering 
from a 1-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 

-1 (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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() Recovery from ?tabnoI..] 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 li-turn recovery from a 1-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 atisfactory 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 sp'eclfied 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 

Recovery in 2	 turns or less bysimul-
taneous neutralization of rudder an 

Recovery within l	 turns by neu- elevator, ailerons set 1/3.with or 
tralization of rudder and against the spin and elevator set 
elevator either full up or at 2/3 its full-

up deflection 

Model either incapable of spinning 
with elevator down, ailerons dis- 

Uncontrollable spin check - placed somewhat from neutral, and 

recovery by first reversing  rudder full with the spin or capa- 

elevator and then, if ble of recovery within 2 .4r turns 
necessary, reversing rudder after rudder reversal with elevator 

full down and ailerons displaced 
somewhat from neutral 

Recovery from abnormal spins - Recovery by simultaneous full 'reversal 
recovery in 2 turns by neu- of rudder and elevator within 
tralization of ailerons (from 21 turns from spins with elevator 
full-with or full-against 
settings) and reversal of set to full up and the ailerons set 
rudder and elevator 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 0 and 
150 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: 300 and 150 with the spin, neutral, 
and 150 and 300 against the spin. 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. In 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 ............................... 
0, degrees ............................. 
V, percent ................................ ±5

 Qpercent ...............................±2 

Turns for recovery:	 - 
When obtained from motion-picture records ...........±1/1+ 
When obtained by visual estimate ................±1/2 

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 450 the corresponding airplane spun at a 
flatter angle of attack,'and when the model spun at an angle of attack 
greater than 4 0 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 following amounts: 

Weight, percent ...................1 low to 4 high 
Center-of-gravity location, percent E ......2 forward to 3 rearward 
Moments of inertia: 
Ix, percent .....................0 low to 10 high 
IiLr, percent .....................2 low to 6 high 
1z percent ......................1 low to 9 high 

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

Weight, percent ...........................±1 
Center-of-gravity location, percent T ................. ±1 
Moments of inertia, percent ..................... ±5 

Control settings were made with an accuracy of ±10. 

TEST CONDITIONS 

Tests were performed for the model conditions listed in table III. 
The mass characteristics and mass parameters for the loading conditions 
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 ft). The weight and moments of inertia 
of the model were selected on the basis of dimensions of an airplane
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typical of this type. Loadings 1 and 1' in table IV correspond closely 
to normal &istributions 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 tested with two 
maximum rudder deflections: 30° right to 30° left and 15° right to 150 
left. The rudder was also neutralized from initial settings 30 0 and 150 
with the spin. The maximum control deflections used for the ailerons 
and elevator were: 

Elevator 

Up, degrees ............................30 
Down, degrees ..........................20 

Ailerons	 - 
Up , degrees ........................... .	 20

Down, degrees .............................20 

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

Although the range of tail-damping power factor investigated 

extended from 0 to 1200 x 1O 6 , most of the tests were conducted for two 
tail-damping power factors, 50 x io_6 and Lao x lb 6 . 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 normal 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 
approximate rate of rotation plotted against the angle of attack for 
various elevator settings. By use of Euler's equation of motion 

-M 

- I) 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 90 . The angle of sideslip at the 
center of gravity equals the angle between the span axis and horizontal (0) 
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 amount 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 

- 
are shown in charts 1 to 6 for the normal loading / IX mbIy 2 = 0, center 

\	 \  
of gravity at 25 percent 

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 
this relatively forward center-of-gravity 

(IX- ly	 \ 
pçsition (25 percent E) and 

for this distribution of mass 	 = 0), recoveries by reversal of

mb 

the rudder alone appeared to be little affected by an increase of the 
tail-damping power factor from a low tail-damping power factor of 

50 x 10-6 to the high tail-damping power factor of 600 x 10_6.. The test 
data indicate that a corresponding airplane utilizing a rudder deflec-
tion of ±300 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 

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 dis-
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 0 . It should also be noted 
that although limiting the rudder deflection to ±150 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 proportioned 
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_61 
even when the rudder deflection is reduced to ±150, 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 10_6 to as much 
as 1200 x 10 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 300 or 15 with the spin. 

Effect of Changing the Mass Distribution 

Comparison of charts 7 tol6 with charts lto 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 those 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 fuselag 
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.12.) 

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. In 
addition, although increasing the tail-damping power factor had little 
effect on the spin-recovery characteristics at the normal 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 dn 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 10_6, 
setting the. ailerons with the spin generally led to the steepest spins 
and this setting was usually the most favorable for recovery;
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aileron-against-settings generally led to flatter spins and had an 
adverse effect on recoveries for a ±300 rudder deflection. These 
effects are the. reverse of those obtained with the normal loading. 
When the rudder deflection was limited to only ± 15°, however, the 
results presented in cbart,8 indicate that aileron-with settings had an 
adverse effect on recoveries for up settings of the elevator. Steep 
spins and fast recoveries 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 reference 11, it would have 
been expected that the spin control configuration with the elevator up 
and ailerons with the spin might always be the most favorable control

IX IY 
setting for recovery for this loading	 . = -120 x 10- ) because 

\nib 
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 (I - ly) ç 2 cos m sin 0 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 11 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, obtained from the elevator-
up and aileron-with spins by rudder reversal from 15 0 with to 15 against 
the spin might be attributable to the fact that reduction in the rudder 
deflection from 30° to 15° 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 10 -6 ' to 600 x 10_6 the recoveries 
from the elevator-down, aileron-against spin gradually improved, the 
recoveries being considered satisfactory by full rudder reversal to 150 
or. 30° against the spin for the tail-damping pOwer factors of 200x 106 
and higher. Thus, despite the fact that the inertia 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 beáause 
of the great amount of outward sideslip at the tail for this control 
setting and the large' effective fin and rudder area 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 1 particularly 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 bcause 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 initial 
full-up and full-with settings, respectively. Chart 7 indicates that, 
for the tail-damping power factor of 50 X iO 6 , the recoveries attempted 
by simultaneous full reversal of rudder to 300 against the spin and 
movement of the elevator to 200 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 3Q0 or 150 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-damping power factors investigated. The 
results obtained at this loading when a larger horizontal tail was 
installed bn 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 300 against the spin. 

Charts 7 to 16 indicate that the effects of reducing the rudder 
deflection from ±30 0 to ±150 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 characteristic's 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 io 6 . 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, .ilerons, and tail-
damping power factor on the recoveries obtained by reversal of the
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rudder alone (±300 or ±150 ) 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 4, 7, E 
15, and 16 with charts 17 to 20 and 22 - to 25.) The rudder-neutralization 
tests also indicate that increasing the tail-damping power factor by 
raising the position of the horiiontal 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 mean 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 amore-
nose-down pitching moment at spin attitudes than when it is mountedmounted at 
a high position on 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 tail-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 tail-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. Ii. ), 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 44 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. 7), 
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 
f'x - 'y

= -120 x 10 -4) for low values of the tail-damping power factor; 
\mbc  

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. 

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

power factor of 50 x 10-6 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 been explained previously for the normal tail, a low horizontal-
tail position apparently contributed a more-nose-down pitching moment. 
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 obtain 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 0 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-
feient 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 10-6 (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 airplane as regards the over-all 
proportions, relative density i , and moments of inertia and also that 
the current model had 60 positive dihedral in the wing, whereas the 
previously investigated model had no dihedral. In 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 personal-owner airplanes 
than the previously reported data.
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Application to Various Recovery Techniques 

The results of the investigation presented herein are generally 
applicable when recovery 18 attempted from fully developed spins but the 
data are considereã 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 (1-series tails, fig. 3). To be conservative, recoveries 
of a questionable nature are indicated as being unsatisfactory. Inas-
much as conventional ailerons tend to float with the spin and onven-
tional elevators tend to float at up positions after 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 release 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 

/ 
control release. For the normal distribution of mass i-i = 0)

\
, 

\mb-	 / 
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 0 with the 
spin for a forward position of the center of gravity (fig. 13) and as 
much as 150 with the spin for a rearward position of the center of grav-
ity (fig. 15). For the loading condition having mass extended along the 

-  fuselage and retracted along the wings /I-Iy(	 = -120 x iO) 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 a 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 is believed that spoiler 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 

fi	 i - 
along the wings ( X - Y = -120 X 10 J elevator-down and aileron- 

\mb2	 / 
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 10-6 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 tail configurations when the rudder 
deflection was limited to only 15 0 with the spin. 

Recovery from uncontrollable and abnormal spins.- The data 
presented in the charts indicate 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 recovery 
procedure. The technique specified for recovery from abnormal spins is 
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 airplane (recovery from 
aileron-neutral spins required by reversing elevator followed by rudder 
reversal if necessary) for the lbading condition having the mass extended 

along the fuselage and retracted 
-	 ix_ ly 

along the wings (	 2 = -120 x 10 
f 

\mb
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for the normal tail unless the tail-damping power factor is at least 
of the order of 100 x i-6 to 200 X 10- b . 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 io-6. For the normal distri- 

I1:I	 \ 
bution of mass (	 = 0), satisfactory recoveries were indicated 

' \ mb	 I 
to be obtained from uncontrollable spins for all tails and tail-damping 
bower factors by reversal of both elevator and rudder for a ±300 rudder 
deflection and by reversal of the elevator alone when the rudder de-
flection was limited to ±150. 

Recovery by neutralization of rudder and elevator.- The data 
presented in the charts, table V, and figure17 indicate that for the 
range of tail-damping 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-damping power factors of 50 x 10 -6 but probably unsat-
isfaçtory 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 t9 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 tail-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 moment 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 0, 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 conjunction with rudder neu-
tralization, recoveries would have been satisfactory for high values of 
the tail-damping power factor and a rearward center-of-gravity position. 
Thus,, inasmuch as the horizontal-tail incidence on the model investigated 
was 00, it would be expected that, if the horizontal tail on a corre-
sponding 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-

lage and retracted along the wings 'X - 	 = -o < lO- for the 
\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 300x l0-6 

-Iv For the normal-loading condition ( Iv _'	 '- = 0j 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 a spin-tunnel investigation 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 1/2 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 by values of tail-damping 
power factor aileron-with and elevator-up settings were now generally 
beneficial, particularly for the ±30 0 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 lo 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 ±300 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 position. 

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. 

7. An important design condition necessary to enable recovery 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 7', 1950
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TABLE I.- DIXENSIONAL. CHARACTERISTICS OF THE TAIL CONFIGURATIONS IXVEST-I&ATB1) 

To quarter chord of	 13.72

Rudder hinge line 
To quarter chord of	 X	

ator hinge line 

Fuselage, reference line t - "----

Tail- Horizontal tail Vertical tail Tail description Tail damping 
pover -.-.----	 tabj1zei1 Bievatox 	 Aspect Size	 or.	 rea i'ea	 Aepect area (in.) (in.) Figure
factor (sq in.)	 '(sq in.)	 ratio (sq In.) (sq In.) 	 rot (a) 

Is 50010-6 Normal 114.14 10.32 3.98 Normal 6.07 6.07 1.26 13.25 0.22 3 

lb 100 Normal 114.14 10.32 3.98 Normal 6.07 6.07 1.26 13.28 -.16 3 

10 200 Normal 114.4 10.32 3.98 Normal 6.07 6.07 1.26 13.28 -.65 3 

18 300 Normal 114.14 10.32 3.95 Normal 6.07 6.07 1.26 13.28 .1.00 3 

Normal tail .." - - 
Is 600 Normal 114.14 10.32 3.98 Normal 6.07 6.07 1.26 13.28 -1.87 3 

Normal 

if 1200 Normal 114.14 10.32 3.95
tail

7.83 1.26 13.28 -1.8; 3 
ventral 
fin and 
rudder 

Large vertical 
tail

2a 50 Normal 114.14 10.32 3.98 Large 11.50 11.5 2.0 13.28 .65 l 

2c 300 Normal 114.14 10.32 3.98 Large 11.50 . 11.5 2.0 13.28 0 14 

2e 6o0 Normal 114.14 10.32 3.98 Large 11.50 11.5 2.0 13.28 -1.21 l 

Partial-length 
rudder  

38, 50 Normal 114.14 10.32 

________  
3.98 ' Normal 6 .07 3.97 1.26 13.28 - . 50 5 

- - - 

3 e 60o Normal 111.14 10.32 3.98 Normal 6.07 3.97 1.26 13.28 -2.70 5 

3m 0 Normal 114.14 10.32 3.98 Normal 6.07 3.97 1.26 13.2 .75 5 

14a 50 Large 20.68 114.52 14.00 Normal 6.07 6.07 1.26 13.28 .20 6 
Large horizontal 

tail - 

4o 200 Large 20.68 114.52 14.00 No'mal 6.07 6.07 1.26 13.28 -.50 6 

Aadded

144 300 Large 20.68 114.52 14.00 Normal 6.07 6.07 1.26 13.28 -.83 6 

lie 600 Large 20.6N 114.52 11.00 Normal 6.07 6.07 1.26 13.28 -1.65 6 

Horizontal tail - 
moved rearward 5a 50 Normal 114.14 10.32 3.98 Normal 6.07 3.97 1.26 114.78

- 

.33 7 and partial-
length rudder

5b 100 Normal 114.14 10.32 3.98 Normal 6.07 3.97 1.26 114.78 -.35 7 

-

bIncludes	
usasnuicanos norbzontai toll below ruselage reference line. .

	 NACA ventral-fin area.	 - 



NACA TN 2352	 29 

TABLE II. - DIMEXNSIONAL CHARACTERISTICS OF THE CORRESPONDING 


FULL-SCALE AIRPLANE EQUIPPED WITH THE 1-SERIES TAILS 

Over-all length, ft .......................22.37 

Wing: 
Airfoil section . . . . . . . . . . . . . . . . ... . . . NACA 23012 
Incidence, deg	 .........................3

Dihedral, deg ..........................6 
Twist, deg	 ........................... 0 

Rectangular wing: 
Span, ft	 ...........................33.63 
Mean aerodynamic chord, E: 
Round tip, ft ........................14.89 
Square tip, ft	 ........................4.99 

Leading edge of T rearward of leading edge of wing: 
Round tip, ft ..........................0.05 
Square tip, ft	 ........................o 

Taper ratio ............................ 1.00 
Area: 

Round tip, sqft	 ......................163.28 
Square tip,- sq ft .................• .....168.61 

Aspect ratio: 
Roundtip ..........................6.93 
Square tip	 .........................6.71 

Tapered wing: 
Span, ft	 ..............................33.63 
Mean aerodynamic chord, E:	 - 
Round tip, ft ..........................5.08 
Square tip, ft	 .......................5.09 

Leading edge of c rearward of leading edge of root chord, 
ft ...............................0.73 

Taperratio ............................2.00 
Area:	 - 
Round tip, sq ft	 ......................	 163.22

Square tip, sq ft .......................166.23 

Aspect ratio: 
Round tip ...........................6.93 
Square tip	 .........................6.80
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TABLE II. - DIMENSIONAL CHARACTERISTICS OF THE CORRESPONDING 


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

Ailerons: 
Span, ft ............................. 7.19

 Area rearward of hinge line: 
Rectangular wing, sq ft ................... 15.70

 Tapered wing, sq ft	 ...................... 15.76 

Aspect ratio: 
Rectangular wing ....................... 6.58

 Tapered wing ..........................6.56 

Horizontal tail surface: 
Span, ft .............................. 10.25

 Total area, sq ft .........................26.39
 Elevator area rearward of hinge line, sq ft ...........11.02

 Aspect ratio ...........................3.98
 Incidence, deg .............................0 

Dihedral, deg 
Distance from quarter chord of E to elevator hinge line, ft . 13.73 
Section .......................Modified NACA 0009 

Vertical tail surface: 
Span, ft ............................. 5.32

 Total area, sq ft .......................12.96
 Rudder area rearward of hinge line, sq ft ...........6.48
 Aspect ratio ...........................1.26

 Offset, deg 
Distance from quarter chord E to rudder hinge line, ft . . . . 14.18 
Section ................. •	 • . Modified NACA 0009



NACA TN 2352
	

31 

TASLE III. - CONDITIONS TESTED ON THE MODEL 

Initial 

Test IXIY
Center-of- rudder 

condi- Loading.
:

Tail TDPF
Metodpedn

presented
 

plan form with the recovery attempt 
x/c spin 

(deg)

Rudder reversal Chart 1 
1 1 0 X 10-4 0.25 Rectangular Round Is 50 x 10-6 30 Rudder neutralization ___ 

Simultaneous rudder and table V 
elevator neutralization 

2 1 0 .25 - ---- do ----- do-- Is 50 15 Rudder reversal Chart 2 -
Rudder neutralization 

Rudder reversal Chart 
3 1 0 .25 ----do ----- le 600 30 Rudder neutralization and 

Simultaneous rudder and
table V 

elevator neutralization 

14 1 0 .25 ---- do ----- do-- 600 Rudder reversal chart Is 
Rudder neutralization 

5 1 0 .25 1! 1200 30
Rudder reversal

Chart 5 - ---do------
Rudder neutralization 

6 - 1 0 .25 ---- do ----- 

-

if 1200 15 Rudder reversal Chart 6 

Rudder reversal 
Rudder neutralization Chart 

7 2 -120 .25 - ---do----- la 50 30 Simultaneous rudder and
and 

elevator reversal	 - table V e 
Simultaneous rudder 
elevator neutralization 

8 2 -120 .25 -do 1 50 15
Rudder reversal

Chart 8 
Rudder neutralization 

9 2 -120 .25

----do------

-do lb 100 30 Rudder reversal Chart 9 

10 2 -120 .25

----do------

---- do ----- lb 100 15 Chart 10 

11 2 -120 .25 ----do------lc 200 30

do------------

do ----------- Chart 11 

12 2 -120 .25 ---- do ----- lc 200 15 - do--------- -

-

Chart 12 

13 2 -120 .25 ----do--- -do ld 300 30 Chart 13 

14 2 -120 .25 -do ld 300 15

do------------

Chart lii -do------------

Rudder reversal Chart 15 
15 2 -120 .25 le 600 30 Rudder neutralization and ----do------

Simultaneous rudder and table V 
elevator neutralization 

16 2 -120 .25

----do------

le 600 Rudder reversal Chart 16 
Rudder neutralization 

----do------

Rudder reversal Chart 1 
17 1' 0 .44) la 50 30 Rudder neutralization

and ----do------
Simultaneous rudder and

table V 
elevator neutralization 

18 U 0 .40 d 50 15 Rudder reversal
Char	 18 

Rudder neutralization 

Rudder reversal
Chart 1 

19 1 0 .140

----do------

---- do ----- le 600 30 Rudder neutralization and 
Simultaneous rudder and

table V 
elevator neutralization 

Rudder reversal 

20 1 0 .140 le 600 15
Rudder neutralization

Chart 20 ----do------
Simultaneous rudder and 
elevator reversal - 

21 1, 0 .140 ----do ----- if 1200 15 Rudder reversal Chart 21 

Rudder reversal 

22 2 120 .140 la 50 30
Rudder neutralization Chart 22 

and Simultaneous rudder and 
----do------

elevator neutralization table
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TABLE III. - CONDITIONS TESTED ON THE MODEL - Continued 

Initial 

Test IX IY
Center-of-

wing- rudder 

C- Loading
gravy Wing

tip Tall TDPF
setting, Method in

presented 
tion mb 2 position, plan form with the .	 recovery attempt 

X/C spin 
(deg) 

23 2' -120 x lO 0.40 Rectangular Round la 50 x 10_6 15 Chart 23  Rudder neutralization 

Rudder reversal
Chart 25 

24 2' -120 .40 le 600 30
Rudder neutralization 
Simultaneous rudder and 
elevator neutralization

table V 

25 2' -120 .40 ----do------le 600 15 Rudder reversal Chart 25 

Rudder reversal
Chart 26 

26 1 0 .25 2a 50 30 Rudder neutralization
and

 
-
----do------

Simultaneous rudder and 
elevator neutralization

table V 

27 1 0 .25 ----do----- 2a 50 15 Rudder reversal
Chart 27 Rudder neutralization 

Rudder reversal
C hart 28 

28 1' 0 .50 Pa- 50 30 Rudder neutralization 

•

----do-------

----do------
Simultaneous rudder and 
elevator neutralization table V 

29 1' 0 .40 2a 50 15 Rudder reversal
Chart 29 Rudder neutralization 

30 2 -120 .25

----do------

----do----- 2a 50 30 Rudder reversal Chart 30 

31 2 -120 .25 ----do----- 2a 50 15 Chart 31 

Rudder reversal 

32 1' 0	 - .40 --do------2e 600 30 budder neutralization
Chart	 2 

and 
- - Simultaneous rudder and 

elevator neutralization
table V - 

33 U 0 .40 ---- do ----- do-- 2e 600 15 Chart 33 

-do------------

Rudder neutrali zatiou 

34 2 -120 .25

-

do-.. 2e 600 30 Rudder reversal Chart 34 

35 2 -120 .25 ----do------2e 600 15 Rudder reversal Chart 35 

Rudder reversal
Chart	 6 

36 1' 0 .40 ----do------ • 3a 50 30
Rudder neutralization 

---- do------

Simultaneous rudder and 
elevator neutralization

table V 
- 

U 0 .40 do-- 3a 50 15
neutralization 

38 2 -120 .25

---- do------

----do------3a 50 30 Rudder reversal Chart 38 

39 2 -120 .25 ----do----- 3a 50 15 Chart 39 

40 U .50 ----do -----. - 600 30

-do------------

Rudder -reversal
Ch -1 40 

Rudder neutralization -

41 U 0 .50 ---- do ----- do-- 3e 600 15 Chart 41 
zation 

42 2 -120 .25 ----do------

-

do 3e 600 30 Rudder reversal Chart 42 

43 2 -120 ,.25 ----do----- 3e 600 15 Chart 43 

44 1 0 .25 ----do----- 44 50 30

do------------

Chart 44 

45 1 0 .25 44 50 15

do------------

do------------Chart 45 ----do------

Rudder reversal
Chart 46 

46 1' o .50 ----do----- 44 50 30 Rudder neutralization
and Simultaneous rudder and 

elevator neutralization
table V 

47 1' 0 .40 d 50 Rudder reversal
Chart 47 

Rudder neutralization 

8 2 -120 .25

--- -do------

---- do------Sa 50 30 Rudder reversal Chart 48
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TABLE III. - CONDTFIONS TESTED ON THE MODEL - Concluded 

Test 
condo- Loading

I
Center-of- 

position,
Wing 

plarm 

Wing- 

shape
Tail TDPF

Initial. 
rudder

(deg)

presented 

49 2 -120 x 10-4 0.25 Rectangular Round 40 50 x io-6 15

Budder reversal 
Simultaneous rudder and 
elevator neutralization 

Simultaneous rudder and 
elevator reversal

Chart 49 
and 

table V 

50 2 -120 .25 ---- do ----- do-- 4c 200 30 Rudder reversal Chart 50 

51 2 -120 .25 ---- do -----

-

--do-- 40 200 15 ---do------------Chart 51 

52 2- -120 .25 ---- do-------do-- 40 300 30 -- -do------------Chart 52 

53 2 -120 .25 ---- do------do-- 40 300 15 ---------- do------------Chart 53 

54 2 -120 .25 
-

---- do------

-

do-- 4e 600 30
Rudder reversal 
Simultaneous rudder and 
aileron movement

Chart 54 

55 2 -120 .25 ---- do------do-- 40 600 15 Rudder reversal Chart 55 

6 1, 0 .40 ---- do ----- do-- 40 600 30 zation - Chart 56 

0	 -__.40 ----do------

-

-do-- 40 600 15
Rudder

ztion
Chart 57

58 1. 0 .40 ----do----- do-- 5a 50 30
Rudder reversal 

neutralization
chart	 8 

59 1 0 .40 ---- do ----- do-- 5a 50 15
Rudder reversal 

neutralization
Chart 59 

60 2 -120 .25 ---- do ----- --do-- 5a 50 30 Rudder reversal Ch art 60 

61 2 -120 .25 ---- do -----

-

-

---do-- 5a 50 15 Chart 61 

62 2 -120 .25 ---- do ----- ---do-- 5b 100 30 do------------Chart 62 

63 2 -120 .25 ---- do ----- -do-- 5b 100 15

-do------------

do------------Chart 63 

64 1 0 .40 ----do------Square la 50 30 Chart 64 

65 2 -120 .25	 - ----do ------do-- la 50 30

-

Chart 7 

66 1' 0 .40 Tapered Round l 50 30

do-------------

-

Chart 65 

67 1 0 .40 ---- do ----- do-- la 50 15

do------------

do------------

Chart 66 

68 2 -120 .25 ---- do ----- -do-- la 50 30 Chart 67 

69 2 -120 .25 ---- do ----- do-- la 50 15

do------------

Chart 68 

70 2 -120 .25 ---- 	 ----- do do-- 40 200 30

do------------

do------------

Chart 50 

71
j	

2 -120 .25 ----do -----do-- ic 200 15

do------------

-

do------------ Chart 51 

72 2 -120 .25 ----do. --do-- 4d 300 30 do------------Chart 52 

73 2 -120 .25 ----do----- ---do-- 40 300 15

-

Chart 53 

74 1' 0 .40 Square la 50 30

-

-do------------Chart 69 

75 2 -120 .25 ---- do ----- do-- is 50 30 do-----------Chart 67 

76 2 -120 .25

----do------

---- do ----- do-- la 50 15

-

-do-----------Chart 68 

77 1 0 - .25 Rectangular Round lc 200 30

do------------

Simultaneous rudder and 
elevator neutralization Table V 

78 1' -	 0 .40 ---- do ----- -do-- lb 100 .	 30 do------------Table V 

79 1' 0 40 ---- do ----- do-- id 300 30	 . Table V 

80 1' 0 .40 do-- 2c 200 30

-

Table V 

81 1 0 .25

-

do-- 3a 50 30

do-------------

Table V 

82 1 0 .25

---- do------

----do------

do-- 3e 600 30

do------------

do------------

-

-

Table V 

83 1' 0 40

---- do------

----do---- 3x 0 30

do-------------

------------ -do------------Table V
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TABLE V.- THE INFLUENCE OF VARIOUS TAIL CONFIGURATIONS IN EFFECTING RECOVERY BY SIMULTANEOUS 


NEUTRALIZATION OF RUDDER AND ELEVATOR 

[Loading sd center-of -NFavity position as indicatedi 

Tail - Initial Aileron Initial FuU-scale Turns for 
description Tail TDPF Loading xfi

mb2
rudder setting setting elevator setting vertical velocity recover, (deg) (deg) (deg) (ft/see) 

Neutral 30U 142 •33 

Neutral 20U 139 1, 
Ia 50 x 10.6 1 0.25 0 x lO 30W

7W 30U 124 1, lt 
7W 2011 125 l, 2 

Neutral 30U 139 1, 1 
Neutral 2011 135 1, 1 

Normal le 200 1 .25 0 30W 
tall 7W 3011 135 1,l 

7W -	 2011 130 ' 11	 l , 

Neutral 3011 144 1	 1 

Neutra] 2011 157 1, 
le 600 1 .25 0 30W 33 7W 30U 13510144 

7W 20U 139 l, it 
Neutral 30U 139 11. , 

Large Neutral 20U 144 1	 3 
vertical 2s 50 1 .25 0 30W 2	 ] 
tail 7W 30U 125	 ' 1 

7W 2011 125 3] 
i,__4 

- Neutral 3011 154 1, 
24 

3a 50 1 .25 0 30W Neutral 2011 154 1, l 
7W 30U 144 1,1 

Partial- 
length

7W 2011 144 1	 l 

rudder
- _________ - __________

Neutral 3011 154	 - 1 

3e 600 1 .25 0 30W Neutral 2011 14 1, 1 

7W 30U 139 
7W 2011 154 2, 2 

Neutral 30U 139 -1, l 

Neutral 20U 137 1, 

7W 3011 135 l,1 
la 50 2 .25 -120 30W

7W 20U 142 1, l 

TA 30U 149 1	 1 

Normal 
tall 7A 20U 130 , 1 

Neutral 30U 144 1 , 
44 

Neutral 201J 144 i, 1 le 600 2 .25 -120 30W
7W 3011 126 

7W 2011 139 24 

Neutral 3011 174 2, k 
22 

Large 20A 30U 146 horizontal 4a 50 2 .25 -120 15W 2, 4 
tail 20W 30U >164

44 
7A 20U 169 l, 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 SIMIJLTAREOUS 

NEUTRALIZATION OF RUDDER AND ELEVATOR - Concluded 	 - 

Taildescription Tai. TOP? Loading — c/V - Iy 
---

Initial lAileron 
setting

Initial 
elevator

Full-scale Turns f rudder sett ing1 
(deg)

setting vertical velocity recover1! (deg) (deg) (ft/aec) 

Neutral 300 122 to 143 
Is 50 x 10 - 1' 0.40 0 x lO - 30W

Neutral 200 129

24 
1, 1 

7- 30U 116
111' 121 

7W 20U 139 4,i 
Neutral. 30U 135 

Normal 4'	 2 
tall lb 100 1' 4° 0 30W Neutral 20U 125 to 139 >3 

7W 30U 121 
7W 200 139 >4 

Id 300 1' - .40 0 30W Neutral 300 135 >5 
7W 300 116 >3 

Is 600 1' .40 0 30W Neutral 300 123 to 136 >80 
300 126 

Neutral 30U 123 

2a 50 1' .40 o 30W Neutral 20U 94 3, 
7W 300 111 1 
7W 200 101 2, 3 

72c20.0

Neutral 300, 101
, 2 

Large 1' .40 0 30W
Neutral 200 96 2, 3 

vertical 7W 300 U l tall , 
7W 200 96 2,3 

Neutral 300 108 1	 1 
5,9 

2e 600 Neutral 200 111 to 139 1 1' .40 0 30W
, 

7W 300 106 

7W 200 111 >3 

Neutral 300 -	 139 11 

3a 50 1' .40 0 30W Neutral 200 154 > , 

7W 300 139 >2 

Partial- 7W 200 154 '> o 
length 
rudder Neutral 300 139

 
11 

In 0 1' .40 0 30W
Neutral 200 139 1 

7W 300 139 13 

7W 200 139
4'	 2 

Neutral 30U 131 to 146 3	 3 
Large

, 

horizontal Ia 50 1' . 40 0 30W
Neutral 20U 147 , 1 

tail
7W 300 139 1, 1 
7W 20U 144 1,l 

Neutral 300 139 11 
, 

Neutral 200 125 to 137 1	 1 
9' 

Is 50 2' .40 -120 30W
7W 300 125 11 

Normal 7W 200 139 1 tall 1, 

7A 300 139 1	 1 

7.4 200 132 1 1 , 

Neutral 300 -	
U'

> 3 
is 600 2' .40 -120 30W	 Neutral 200 135 > 2 

7W 300 106 >2
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CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION i LISTED IN TABLE IlL 

[Rudder initially set 300 with the spin1 control movement for recovery as indicated] 
-	 Against.	 Aileron setting	 With 

I	 I	 I	 I	 I	 I 
a,b 200	 70	 b.c 00	 b	 70	 50	 b	 20° 

r2OiU	 21	 126	 I	 30 
134 12U 1k91

I 0.33	 Elevator 1	 37 0 Ulz 0.361	 ko 5D 124 0.3q  

L1, I 	 30°up 	 .  

____	 I1,1I 

Elevator	 I 
20°up

a, b 
I	 ksI6uI	 I	 I I	 1125 I	 i	 I SD I 139I o.43 1 

I	 I	 I 
2

TDPF - o x 106	 Elevator I I	 1132.1.....1 
'5°up

bE 
1171	 I 

:levator 128160 lisk 0.5k 
10* up LL _L

—H levator I I o 
5°up

a,b	 [ 
I	 I	 I	 I2OIkDI	 I I	 I	 I	 Stick left	 Elevator l3I 60 1 1 351 0. 531	 Stick rigt 
NO I SPIN	 00	 I 1	 1	

1, 1 

_	 1311 kD Il 75Io.I1.6l 139k7	

I 

b 

0 

.2 
Jc 
C, 

(I) 

I	 I	 Elevator' I 28 2D	 13210.591 

II	 I	 20°downI
I	 I 'H sols 

aOscillatory in roll and yaw; range or average 
values given. Model values converted I	 aI	 I	 v	 I	 a 

bOscillatory in pitch; range or average values - to corresponding I	 (deg)	 J	 (deg)	 I	 (f ps)	 (rps) 
given, 

"Wandering spin. 
djdder reversed to.only	 (2f its full.

full-scale	 values. 

i
	 up U	 inner wing u 

D	 inner
Turns for recovery: I Turns for recovery: 
Rudder 30°with	 I Rudder 30°wifh deflection) against the spi. e\/im	 l estimate.

wing
to 30° against.	 to 0°. 

Goes into an inverted spin alter recovery from 
erect spin.

-
'Turns for recovery:	 I 
Rudder 30°wifh to 0 

I Elevator neutralized.



38	 NACA TN 2352 

CHART 2 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 2 LISTED IN TABLE m 

[Rudder initially se t 15° with the spin 1 control movement for recovery as indicated] 
-,	 Against	 Aileron setting	 With 

I	 I	 I	 I	 I 
20°	 7°	 a,b 00	 70	 150	 a,bd 200 

	

_________	 __________F11PE]  	 1428113D 1125 10.361 
I	 It 8 1e p 1 	 I	

19'	

L
I	 Elevator	 i 	 371 3D p5 2 	 39	 7 I 5D I 

1111110.31	
I	 I	 I	

J 
	 I 

1 'r 	 ______ 	 _  
1	 1 i	 I	 30°up	 i	 I 	 I	 I	 1 

b 

Elevator	 I	 I	 I	 I 127 1 0 115  

I	 I	
I	 l	 I	 21 So 

139 0.46 
20°up 

	 I I 11 
TDPF - 50 x 10-6 	 1 

Elevator 
1 

I33 10 I152k	 1111141	

I 
2% _ 

15P up 

5	

J 1,1

I	 11591	 I Elvator	 I	 11591	 I	 I	 1139 e	 1	 I 

I0°up	 I	 I ' 'H 	 I 
mb -	 I 

01 
DI 

01 

(I)' 
Stick left	 Elevator	 I	 I	 I	 I	 Stick right 

-0° [

0 

0 

(I) 

LLI I Elevator'	 I	 I	 I	 I 
200downl	 I	 I 

50scillatory in pitch; range or average values	 Model values converted given, 
Wandering spin. C dder reversed to only 100 (

to corresponding 
of its full	 full-scale	 values. 

deflection) against the' spi. U	 inner dipptng spin. wing up 
D	 inner- wing down

NO IsPI 

a	 41	 V	 fl 
(deg)	 I	 (deg) (fps)	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder 15° with Rudder 150 with 
to 15° against, to 0°.



31 I 30 1 135 Ioi 
1, 1 

up 

vator 
)° up 
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CHART 3.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 3 LISTED IN TABLE 

[Ridder initially set 30°with the spin; control movement for recovery as indicated] 
-1	 Against	 Aileron setting	 With 

I	 I	 1	 I	 I	 I 
a	 200	 70	 00	 b	 70.	 150	 20° 

2 50 I16 1 	 . 32 I	 Elevator	 I	 I	 I	 I	 1301 2D	
1231	 I	

I	 I	 I	 1 130 1 0.361	 I	 6n I 1251 0.3 0 3	 I3I D IiIo 35  
I 1 ii 1	 I	 30°up 	 I '	 I">J I	 I	 I I	 10>6 ]	 j.>3 >10] I 1 
I •r 'n ' i 	 ____________  

Ii • 	 ii I , I	 ___ 

V2

i3go.4 	 II ID 1 1 32 1o. '1a	 ?7DI13OI0))Elevator 
20°up 

TDPF €00 x 10-6

mb

Je 0 0 

0 
Ti 

Stick left
	

Stick right 

0 
0 
0 

I	 I	 I	 Elevator1	 I	 I	 I	 I 

II	 I	 .	 20down INo IS PIN 

°Oscillates in pitch roll, and yaw; range or	 Model values converted 
average values given. 	 to corresponding 

C 
bOscillates in pitch; range of values given,	 full-scale values. 
dVisual estimate. 

dder reversed to only 	 of its full	 u inner wing up 
deflection) against the spin. 	 D inner wing down

[

I	 I	 I	 I 

colSPIN I 

a0	 v	 a 
(deg)	 (deg)	 (fps) I (rps)J 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30°with


	

to 30° against,	 to W. 
Turns for recovery: 
Rudder 30°with to 0 
Elevator neutralized.



mb2 -
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CHART4.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 4 LISTED IN TABLE]fl 

[Rudder initially set 15° with the spins control 	 movement	 for recovery as indicated] 
Against	 Aileron	 setting 

I
With 

a	 200	 70	
b	 00

I 

h	
70

I 

b	 150
I 

b	 200 

II'l 
-ir

Elevator 
30°up

I	 I	 I 
I

I5 I	 I 1 9io.33 
71 ,

3I 5D	 17I0.3Z4j 
C,

30 9D	 142 0 .35 
2	 1

8J14U1132 k35 
6 I 

b
I	 I I261 6D I 15I4 1 0)3I 136J9D I11lo.2l 

I	 I	 I	 I 
TDpF=600xl06

ator I I	 I16 o. 4 3I8	 147 o.47

I	 I	 I 

ator	 3D ^94 Io 
up

0 
0 

.0 Elevator I 
5°up	 J i 	 - 

I	 I	 Stick left	 Elevator I I 	 Stick right 
sp iN	 00	

NO SPIN 

0 

Elevator 
20°up 

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

III	 - Eli  

I	 20 

5Wide radius spin. 
bOscillatory primarily in pitch; range or 

average values given. 0 2 Cdder reversed to only 10	 of its full 
deflection) against the spi1. 

_Z^^N 17ACA
NOjSPIN 

v 
[....eg)	 j	 (deg)	 (fps)	 I	 Ups) 
Turns for recovery: Turns for recovery: 
IRüdder 15 'with Rudder 15°with 
[j5° against, to 0



() 
C 

0 
U, 

a 

	

Elevator 
	

I	 11351 

	

I0°up	 1'6

I	 I	 I 

a v n 
(deg) (de g) (fps) (rps) 

I Turns for recovery: Turns for recovery: 
I Rudder 30°with Rudder 300 with 
to 30° against, to 0°.

NACA TN 2352 

CHART 5.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 5 LISTED IN TABLE m 

[Rudder initially set 30°w1th the spin; control movement for recovery as indicated] 
-.	 Against	 Aileron setting	 With	 — 

I	 I	 I	 I 
200	 a	 00	 a	

70	 200 
1	 125	 26	 I 

Elevator	 139	 2 D 113 0.33	 130 

I	 30°up	 I	 '7	 I 

a 

	

I1III
iii

	

	 I	 I	 I


	

II 137 3D 1135	 I Elevator 

_J bi2J	 20°up 

TDPF 1230 x jo-6 

nib2 
Elevator 

5°uo 

Stick left

1, 1

Stick right

2 3 

V 
a 

0 

U 

Elevator1	 I	 I	 I	 I 
NO I SPIN	 20°downl	 I 

aOsclllatory in pitch; range or average values	 Model values converted given. b ader reversed to only 230 ( of its full	 to corresponding 
deflection) against the spin,	 full-scale values. 

U inner wing i:ip 
D inner wing down
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CHART 6.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 6 LISTED IN TABLE Ifl 

[Rudder initially set 15° with the spins control movement for recovery as indicated] 
-	 Against	 Aileron setting	 With 

I	 I	 I	 I 
200 	 70	 a	 00	 70	 150	 20° 

L I	 I	 I	 I I	 I	 I	 [31	 '391 0.251	 I	 1 1391 0.29 1	 I	 I	 I	 I §411610-32 
IV Ir

2
Elevator	

_____________ 

1	 I bibi l	 II3O°up	 i	 I	 I 	 1 
at 	 a 

I	 I 2 II	 I	 J	 kiii	 1251 Elevator' I	 ' I	 I	 3'i 3Bl1I0.3hl	 0.36	 I 1I 1001 130I0. 
20°up '	

'I	 I	
lb	 I 	 I	 I 

I 	 I	 I •> 	 I	 I	 I 
C 

-7 
TDPFlOx1O	 - 

Elevator 13012D 1 14910-391 
15* up 

Elevator f;26 F1DT.621	 I 

mb2

Elevator 23 3D 1 1791 0 -54 
I	 I Je 

8 
5°iJp .[_L_1 

I I I-"	
Stick left	 Elevator I I I	 I Stick right 

0 NO SPIN

-o 

- 0 

0 

('3 

* 

321 9DI 1 391 0. 

31170 147 0. 

3 I	 1 

d 

I	 I	 I	 I ElevatorLl	
I.	 I 

20°down 

8Oscillatory in pitch; range or average values 	 Model values converted 
b	 given. 

uOder reversed to only 100	 of its full	 to corresponding 
full-scale values. deflection) against the spin.. 

Visual estimate..	 U	 inner wing up djppjag spin. D	 inner -wing down

J	 ' 
(deg)	 J	 (deg) (fps)	 I(rps) 

Turns for recovery: Turns for recovery: 
Rudder 15° with Rudder 15° with 
to	 15° against, to OI



g

	

90	 Square-tip

data. 

Ii I94I o.k	 Elevator 

	

c 3, c 3 1	 20°dowr 

aosciliatory in pitch; range or average values 
b given. 

Wandering spin. 
Goes Into an inverted glide. 2 
Rudder reversed to only o ( of its full 

e deflection against the spin). 
Whipping spin. 
Goes into an inverted dive. 

WOscillatory in pitch, roll, and yaw; range or 
h average values given. 
Goes into an Inverted spin after recovery 

Nom erect spin.

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

NACA TN 2352 

CHART 7.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 7AND65 LISTED IN TABLE Ill 

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

-	 Against	 Aileron setting	 with 
I	 I	 I	 I	 -	 I 

a b 200	 a	 70	 a,b 00	 a,b 7°	 150	 b	 20° 
23F -I 	 I	 II 1261 2U1 

__	 Elevator	 111301	 1 
3 I U 3o o. 3	 I	 I	 I13 I139I 0.3 1	 1371 10 D11 35   

I	 I	 I	 i	 I	 J	 d 1 d 1   I i 1 I 1 1	 30°up	 I	 I i Hi 
c j c i1 	 1 1 _

j

	

117
	

I	
Ici'coil 

8 ____________ 

Square-tip 
1	 __ 	 _____________ b. e 

	

data __ 	 ______________  

I	 196 I	 I	 Elevator! 
dd1	 j 130 II 

1371 0.31 

I 301 6D1 1 1 2I 0.361	 I	 11621	 I 
I 13 3	 J	 20°up I 312U 1 13(1 0.37 1 I	 >2	 ld	 1. 1

	
>	 I 

TDPF	 O x	 -6	
d,d1 I
	 1 I 1, 1
	 I	 1 

1 di dii 
I' J _______	 b,e  

Elevator I 34 ID Il2IO.i	 I	 I ' I	 I	 I I	 I '	 I 

I5 up I 2,>3	 I >	 I	 I	 I	 I 

	

I	 be  

29 201 1Li1i	 I	 I	 l"9 I	 I	 1	 I	 I 1.891	 1 Jy 10. up
2, 2	 I	 I '' >3 1 I	 > 

112091	 I 

I	 I' 

b 

Stick left
	

Stick riqht 

 21d 1D
L69 10.71 1,	 1 

a 4) v 
.(deg) (deg) (fps) Ups) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30°with 
to 300 against, to 0°. 

Turns for recovery: Turns for recovery: 
Rudder 30° with Rudder 30° with 
to 0°, to3O°against, 
Elevator neutralized. Elevator reversed  

Ito full down.



Elevator I 2t 1D i4:;:o 
'2O°up I°i 

TDPF = o x 10_6 

Ix - ly 
'mb2	

.1xb0

b,d 

Elevator 
i I

 
15° up	

25 

Rvator. 

Elevator 20 2 

5°up

I	 Stick riaht	 I	 I	 Isl	 I 

C 

0 

U, 

Stick left 

l	 I 1	 91 I0.1J	 E1e 1l1 
Wide radius spin, oscillatory in roll and 
b yaw. 

cWandering spin.	 2 Rudder reversed to only 10 	 of its full 

(deflection) against the spin. do
s
ciitpy in pitch; range or average values 
gi yen. 

eoscillatory in pitch, roll, and yaw; range or 
average values given. 

Goes into an inverted glide. 
gGoes into inverted spin after recovery from 

erect spin.

I111150 1 19 81 0. 791 
i g i	 g11g1 gil 
I	 1r , 	 2!1	 '	 2!I 

I	 a	 4	 V	 I 
I	 (deg)	 (deg) i	 (fps)	 J	 (rps) 
frurrs for recovery: I Turns for recovery: 
lRudder	 15 0 with I Rudder 15° with 
to	 15 0 against,	 I to 0°.

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

NACA TN 2352 

CHART 8.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 8 LISTED IN TABLE 

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


	

Against	 Aileron setting	 With 
I	 I 

a	 200	 70	 b	 00	 70	 150	 b	 20° 

	

• 9 I	 Elevator FT—FT-1 FT—FT-1 EA 11591 	 I 1189 I	 I I	 I I 

	

Ift I'	 30°up 	 5	 >3 

[11i 
•	

j r3DI189o.5l	
[9DI189l0. 

	

1	

I	 k-891 
 i' 	 I>	 12!' 2!I 

I	 I	 I19 I	 I	 I	 I	 11891	 I 

I	 i	 I	 I	 I 
ol 
ci	 I	 I	 I	 I	 1 

I	 I	 11981	 I 
I	 I	 '1 



a 0 v a

I (deg) (deg) (fps) (rps) 
Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30° with 
to 30° against, to 0°.

LI 
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CHART 9. SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 9 LISTED IN TABLE ]U 

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

-	 I 
20°	 0°	 a	

70	 200 

 

Elevator	 321 114 137
J 0.311 ° ISP 1135 10.33	 10012010.32 

Fg^]	 30°up	 , Jbl,b,2  

TDPF ioo x 106 

A

Stick left
	

Stick 

0 
3 

0 

Jx 
C., 

U) 

lt2IeDI

 

6111JL6U —I 9 I 0.11 13 

c	 c	 y 

'191	 I	 I	 I 
Elevator I 3e1'i.0 	 112eI0.'I 

d 2, d2 200down Ii, e1I	 I 
8oscillatory in pitch; range or average values	 Model values converted 

given. 
b ader reversed to only a>° (2 of its full to corresponding 

full-scale values. deflection) against the spin. 
Coscjllatory in pitch, roll, and yaw; range or	 U	 inner wing up 

average values given. 
d es inverted and then becomes

- 
erect and spins	 D	 inner wing down 

to left after recovery frees right spin. 
ees into an inverted dive.
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CHART 10.—SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 10 LISTED IN TABLE Ia 

[Rudder initially se t 15° with the spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 I	 I 

20°	 a	 0°	 7°	 a 200 
I I I	 Elevator 

t^^j
30°up -
	 I	 >' I 

TDPF 1005 106 

Stick left
	

Stick

mb4 

U 

b 

4 6D 
12U 98I0.2	 Elevator 31	 1134 0.5	 I	 I c4cII	 20°down cl,clI 

Model values converted 	 a boscillatory in pi tch, roll, and yaw; range or	 to corresponding	 (deg) J (dg)	 (fps) I (rs) average values given, 
into an inverted dive.	 full -scale values.	

Turns for recovery: Turns for recovery: U inner
Goes 	

wing U	 m
Rudder 50 with Rudder 150 with D inner wing down 1to 150 against. to 0°.



I	 I	 1101 Io.koI 
dii dil l	 J

200down 
Elevator I	 I	 I 12	

0.11 1 d , d 

5}dder reversed to only 2)°	 of its full	 Model values converted 
deflection) against the win. 	 to corresponding 

°Oscillatory in pitch; range or average values 	 full-scale values. 
given. C Oscillato .y in roll and yaw. dvisual estimate.

U	 inner wing up 
D	 inner wing down

I	
I	

I 

a Ob v a 
(deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder 300 with Rudder 300 with 
to 300 against. to 0°.

NACA TN 2352	
5	

17 

CHART 11.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION II LISTED IN TABLEm 	 S	 S 

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

5	 10	 I	 I	 I 

20°	 0°	 7°	 b 20° 

I Elevator	 32! 6d ! 135Ij	 19 113D112 0.31 

Elevator	 I	 I 137! 0.37	 5 

2O°up

TDPF 2)0 x 10_6 

mb2 

E



a 
(deg) (deg)

v 
(fps) I	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 50 with Rudder	 150 with 
to	 50 against, to 00. 

48
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CHART 12.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 12 LISTED IN TABLE 

[Rudder initially set 15° with ft 

	

I	 Agairst 
200 

	

II	 Elevator 

L	 I	 3O°up

e Spin; control rr 
Aileron setting 

00 

28j50 115210.33 
14,	 1

ovement for recovery as indicated] 
With	 I 

70 b 200 

I I	 Ip 6L1 

Elevator I I	 I 1471 0.37 

20°up I c 171 I

TDPF zo x 106 

Iy Eb1b0 

Stick left
	

I	 I	 Stick riaht	 I I 

a 

C) 

d  

I1
'3°l	 I	 l	 121J	 I 

37 3U 1116 1 0 . hl2 1	 Elevator I 31 4u 1132 ".5 
e11 e 

171 
	 I	 200downI 

deflection) against the spin. dOscillatory in roll and yaw; range of values 
egiven. 
fGoeS into an inverted dive. 
Slightly oscillatory in pitch; range or average 

values given.

to	 turn after rudder Model values converted 
reversal model's attitude became very steep 
at which time the up elevator caused the

to corresponding 
full-scale values. model to pull up into a flatter attitude 

b	 and continue turning to the right. U	 inner wing up 
Wandering spin. 

CR1]ddor reversed to only 1(1° (2 of D	 inner wing down



C) 
0 

.0 

JC 
C) mV 

I	 a 0 v
I (deg) (deg) (fps) (rps) 

I Turns for recovery: Turns for recovery: 
I Rudder 30°with Rudder 300 with 
to 30° against, to 0°.
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CHART 13.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 13 LISTED IN TABLE flI 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

' I 
200	 70	 a	 00 

25 
Elevator	 35	 3D 139 0.3k

 Pf4d
a	 7° 
23
3	 5D 139 0.30

200 
3

130 116 0.32 
30°u r 1 1 

'
I b13 1	 1 

a


Elevator 1301 3U 4 134 
bi 20°up 1,bi I

TDPF = o x 106 

Stick left
	

Stick 

0 

0 

C, 

C 

I I 20 os	 I	 Elevator 1331 5Ui230.IlqI 

d1 dii	 J	 20°downei, e41 

5oscillatory in pitch; range or average values 	 Model values converted 
given. 

°Th.i0der reversed to only Z° 	 of its full	 to corresponding 
full-scale values. deflection) against the spin. 

Coscillatory in pitch, roll, and yaw; range or 	 U inner wing up 
average values given. d es inverted then begins spinning in an erect 	 0 inner wing down 
left spin after recovery frcm right spin. 

ees into an inverted glide. 



a 
(deg)

0 
I	 (deg)

V 
(fps)

£2 
I	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 150 with Rudder 15 0 with 
to	 15° against, to 0°.
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CHART 14-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 14 LISTED IN TABLE UI. 

[Rudder initially set 15° with the spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

2I
	 I 

0°	 a	 0°	 a	 7°	 a 20° 
I	 I	 Elevator	 1 I 1 151 1LI 1 1 9l	 M13 I 30°up	 ,,2	 b>2	

1ji 

TDPF = 3J0 x 106 

Mb'

Jz 
0 

U) 

d 
1321101	 I	 I	 I	 I	 I	 I 
Ii 11301111 0)12 I	 Elevator I	 I	 I	 I	 I 

j
ell., e,,11	 I	 20°downl	 I	 I 
awandering spin. 	 values converted b udcjer reversed to only 100	 of its full	 to corresponding deflection) against the spin,	 full-scale values. Cj51 estimate. 
d0scillato in pitch roll, and yaw; range or	 U inner wing up e average values given. 
Goes into an inverted glide. 	 D inner wing down



TDPF 600 x io6 

Ix - ly 
mb2

ID 

Elevator 
10° up 

j' EtevatoI 
5°up

	

311 60 1 1 391 0.112	 9 11 142 11119 I),I15 

	

t1,2	 I 

0 
0 .0 

C) 

c 

21 

1
9 11 9 17 

a v	 a 
• (deg)	 (deg)	 (fps) I (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 300with


	

to 300 against,	 to 0 
Turns for recovery: 
Rudder 30°with to 0 
Elevator neutralized. 

Model values converted 
to corresponding 
full-scale values. 
U inner wing up 
D inner wing down
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CHART 15.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 15 LISTED IN TABLE III 

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

	

I	 I	 I	 I 

	

200	 70	 00	 c,d 70	 150.	 c,d 20° 
I 61 oI 

	

__ 	 _______ 	 ____ ____________	 1 I	 101 

	

bi t 	 30°up	 I k'	 I' >21	 i	 I I	 I 6	 I i'	 1	 1 

	

I 26J8U 115k10.331	 Elevator I I	 I	 I	 I 1311 30	 32	 8 uD 1126 0.3	 80 1 1 32 1 0. 32	 9 6 hh1 .33 ____________ _______________ 

	

13D I	 I	 I	 I 	 I	 I	 l	 I	 '	
'	

I 

	

j' 	 __  	 _____________  

tiL .1I	
1, ij 

Elevator 
2O°up

c	 c,d 
I	 291201	 I 

139	 132 701370.36	 113 40 1121 p.37 

________ L I	 I 
1 1k, 1t

32170 1131110.39 

ZE 

ick left	 Elevator
	

Stick ri 

25 3D
1116 .IU	 Elevat 

r , r1f1, f	 -	 207do11 

5Goes into a spin to the left after recovery 
from right spin. 

Goes into a slightly turning glide. Coscillatory in pitch; range or average values 
given. 

Oscillatory in roll and yaw; range or average


	

values given.	 2 efder reversed to only O ( of its full 
deflection) against the spin. 

Goes into an inverted glide. 
gGoes into an inverted spin after recovery from 

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

Rudder initially set 15 0 with the spins control movement for recovery as indicated] 

	

Against	 Aileron setting	 With	 — 
I 	 I 	 I	 I 

a	 20°	 70	 b	 O°	 b.c 7°	 150	 b c 20° II	 11121	 1iii	 I Elevator	 I	 15k	 i	 iii 
	 ikEl 12610-31 

30°uP 	 1	 L i	 I	 [ 

TDPF - &o x io

lb

be 
Elevator I I	 I	 I	 I	 5k10.361
20°up 	 ,.6

 

levator I 215JJ 
I50 up	

1 0c	 I 

C 

:Ievator 
l0°up 

:levator121j16 J 0 
50upl______ 0 

.9 

Stick left	 Elevator I2OlkD	

E	

Stick right 
0°	 1 1 

I ir
0

uI. 

_______ 

I 301i0U120.46I - 
F '	

fiJ

C	 I 
ElevatorIIiu 115610.581 
2O°dOWnff,4 fl 

I	
fl I 

8
g

lde radius spin. anderjng spin. Model values converted 
scLllatoiy in pitch; range Or average values	 to corresponding 

full-scale	 values. given. 
er reversed to only 100 (	 of its full d 

deflection) against the spi. U	 inner wing up 
D	 inner wing down 

dive. 
8Goes into an inverted spin after recovery from erect spin;

I 16 1 30 I 20310.79 

a	 4)	 Vfl 
(deg)	 (deg) (fps)	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder 15°with Rudder 15°with 

Ito	 150 against, to 00.
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CHART 17.-SPIN AND RECOVERY CHARACTERISTICS CF MODEL FOR TEST CONDITION 17 LISTED IN TABLE III 

[Rudder initially set 30°with the spin 1 control movement for recovery as indicated] 
1	 Against	 Aileron setting	 With 

r	 I	 I	 I 
20°	 70	 a	 Cr	 70	 150	 20° 

I I	 l'I	 I	 Elevator I	 I	 I	 I	 II45I1iflIiI3IO.23I	 I	 I	 1 116 1 0.23 1 	 I	 I	
I6I12EI116IO21 Ii	 1 I	 I	 30°up	 I I 1	 1 '1	 ] ibi bi I	 I I	

'	 I I4l I'	 I'	 I  lIr	 ' I   
Ii 
i' fl	 1W . 17 

Elevator' I	 I	 I	 I 
E 20°up	 I 

TDPF O x lO

C 

Elevator 
2 

IT Up 

I 1139 10.27 
b bill

i.J 

Elevator 

Ix - ly -
	 10° up 

Elevator	 20 11461c-:k
-a 

Stick left

DI d 

129 14D 311 0 
I	 Ii,i] •1_______ 

f

I	 1 99 I	 I	 Elevator'	 I	 I	 I	 I
 d 

lL0 11161	 I 
13610)421 

I

_____________	 ____  

I	 I	 2O°downl	 STEEP	 SPIN l'k"	 I	 I 
acacillates in pitch, roll, and yaw; range of 	 Model values converted I a	 I	 I	 v	 I	 I 
bRudder 

values given 
reverse& to only Z° (	 of its full	 to corresponding I	 (deg)	 (deg)	 I	 (f ps)	 (rps)	 I 

deflection) against the anth. 	 full-scale values. 
-

hums for recovery: I Turns for recovery:' COscijlatoi.y in pitch, 	 of values given. 	 U	 inner wing up 
dOscillatory in pitch' and has a whipping n•iotion. IRudder 30°with	 I Rudder 30°with	 I 

D	 inner wing down eV S l estimate. to 300 against.	 to 0°. 'no soin	 condition also obtained.  
8Goes in'lO an inverted glide. Turns for recovery:	 I hGoeS into an inverted spin after recovery from 

erect spin. I	 I Rudder 30°with to 0 
Elevator neutralized.
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CHART i8 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 18 LISTED IN TABLE III 

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

Against	 Aileron setting	 With 

r	 II	 I	 I	 I 

	

20°	 7°	 a	 00	 a,b 7°	 150	 a	 20° 

II	 I	 Elevator 	 501 9D 131j 0.21	 I	 121i 	 k3likD 1 11 3 p0.22	 5 164 1161 0.2 
No I SPIN	 30°up _ 	 , 1 Ji	 J	 C4C	

1.>9I	 I 

a, b 

Elevator' I	 I	 I	
J


20°up 
TD?F = O x 10-6 

	 R, 
a, b 

Elevator f1 
150 up Li 

Elevator 
l0°up  

mb2
a 

Elevator11 
5°up 

I I	 I	 j	 I	 Stick left	 Elevator 

-	 I	 N O I SPIN I	 00	
I____

I a,b
 130 

1
139 l531 0.3W 12311.2D 159

1 -1 
15310.k51

. 

1
U)

a,e a,e 

I	 SP u N Stick right
221 
3k I 5° 

eDlikil 
1156 o.k6 Pg

I 1.iAI,.3

0 

.2 

C., 

VAI 

I	 I	 I	 I	 Elevator I	 I	 I	 I	 I 
I	 I	 1	 20°downj	 NO 

50scillatory in pitch range or average values 	 Model values converted b given,  
Wandering spin.	 to corresponding 

C dder reversed to only 10°.( of its full 	 full-scale values. 
d deflection) against the spin.	 U inner wing up Visual estimate. ,Visual spin.
	 D inner wing down 

III 
NO	 SPIN 

a	 V	 fl 
(deg)	 (deg) . (fps)	 Ups) 

Turns for recovery: Turns for recovery: 
Rudder 15° with Rudder 150 with 
to 150 against, to 00.



up

C) 
0 vator 

NACA TN 2352	 55 

CHART 19.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 19 LISTED IN TABLE 1ff 

[Rudder initially set 3O°with the spin1 control movement for recovery as indicated] 
-	 Against	 Aileron setting	 With 

r	 I	 I	 I	 I 
20°	 70	

a	 00	 a	 70	 p	 150	 20° 
I	 I	 I	 I	 I  Elevator I I	 I	 I	

j 
I3 151 1 1 36 10.2 31 	 l2 I SD I 12 0.2	 6D I iiii 0.261	 50161 110510.291 

NO	

I	 1321	 11231	 I	 FI	 I	 I	 tioij	 I 

I	 '	 i	 t	 I	 6 I SPIN	 30°up	 I i b 1	 1	 1 I Ici bc. 1 I 

II	 J-15	 1711	 I 
Elevotor 
2O°up

S 

TDPF 600 x lO
tin 

Stick left

DI

a

241DI139FD.511 
Id1,i2l

a,d 

I	 I	 I I	 Elevator1 I	 I	 I 
NO SPIN	 20downI	 NO  SPIN 

in pitch; range oraverage	 Model values converf,d 

	

h values given,	 to corresponding Visua1 estjrrate. 
Rudder reversed to only 2DO (2 of its full 	 fullscaIe values. 

deflection) against the spin.	 U inner wing up 
ippinspin.	 D inner wing down 

o an inverted spin after recovery 
from erect spin. 

Goes into an inverted glide.

I26I3DIIo. 
ii ei I I r 
I 1, 1 I 2, 2 

a 46	 v 

	

(deg) I (deg)	 (fps) I (rps) 
hTurns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30°with


	

to 300 against,	 to 0°. 
Turns for recovery: 
Rudder 300wifh to 0 
Elevator neutralized.



vator 1 26 1 50115610.32 
up Jj	 >' 

?votor :61 20 1 16k 0.37 
)°up a1 all 
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CHART 20.-SPIN AND RECOVERY CHARACTERISTICS CF MODEL FOR TEST CONDITION 20 LISTED IN TABLEm 

[Rudder initially set 150 with the spin 1 control movement for recovery as indicated] 
-i	 Against	 Aileron setting	 With 

I	 I	 I	 I	 I 200 	 70	 0°	 70	 150	 20° 
II	 I	 I	 Elevator FI	 I	 I I	 11391	 33160 I139.I0.20	 kI9DL21L251 LI__111810.27 
L NO SPIN	 300up 	 ri.'	

b	
I	 I I '°	 1. 4 

C	 d 

Elevator' I	 I	 I	 I	 I	 I	 121	 I	 I 
159	 I3I10DI1kk 10.26 I 

20°up	 I ja a 1 
-1:-I Ibj b 

I	 IF	 I	 I	 I 
TDPF..600xl06  

rnb

.2 
d	 j	 Cl) 

rotor 1 22 1 20	 ft Io. 144I

d,e	 è 

0	 L'	 1 >	 I
Stick right	 I 211] 60	 o.	 I	 113010.1131 I	 I	 La 

Id, 

I	 I

e 
1201 

iator	 I	 . 3k	 I 11 0.501 
Own	 NO	 IN

I' 4J 
>3	 J .2

d 

I	 I	 I
2 0	

I 15111 0.51 . 
'downI

I I 

vator I I	 I	 I	 I	 1 
down1	 .	 NO	 SPIN

NO J SPIN 

Model values converted I	
a

n I	 I	 v	 I 
to corresponding I	 (deg)	 (deg)	 I	 (f vs)	 (rps)	 I full-scale	 values. 
U	 inner hums for recovery: I Turns for recoveryl wing UP 
D	 inner wing oown IRudder	 15° with	 I Rudder 15° wIt_j 

to	 15* against. 	 to 0°. 
I	 Turns for recovery:	 I 
I	 Rudder 15°with to 15°against;	 I 
I	 Elevator reversed to full down. 1

Stick left 

I El( 

F	 N0BPIN 

avisual estimate.	 o 2 Iudder reversed to only 10	 of its full 
deflection) against the spin. 

Wandering spin. d.Oscillatory in pitch; range or average values 
given. 

eipping spin.



]tor 29 21D 

up	 . 

p
U 
0 

0 

U)

Stick 

mV 

I	 I	 I	 I	 Stick' left

vator I	 I '	 I 
downl	 I 

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

/	 D inner wing down

I	 I	 I 
4

1de radius spin. 
isual estimate.
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CHART 21.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 21 LISTED IN TABLE 

[Rudder initially set 15 0 with the spin 1 control movement for recovery as' indicated] 
-	 Against	 Aileron setting	 With 

I	 I	 I 
20°	 ,	 70	 ' a	 00'	 70	 150	 209 

II	 I	 I	 Elevator	 I	 I	 I	 I	 113510.17	 I	 I	 I	 I	 11111	 21511001 11110 26 

L	 I	 30°up	 - 	 . 6	 >	 I 

Elevator	 I	 I	 I	 3211 7D11242110.19 

20°up 	 'i I 

Elevator	 I	 I	 210190 113010.32 

TDPF = io x 106	 15° up  

I	
331 60113510.216 

5°d own	 NO SPIN 

IlI 
NO 

a	 v	 a 
(deg)	 (deg) (fps)	 I	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder 15° with Rudder 15° with 
to	 15 0 against. , to 00.



Model values converted 
to corresponding 
full-scale values. 
U inner wing up 
0 inner wing down

i.;iii 96 1 0.35	 Elev [H	 2O°d 

8oscillatory In roll and yaw. - 
bGoes into a spin to the left after recovery cliu

from right in 	 2 dder reversed
sp

 to only Z° (- of its full 
deflection) against the spin. 

Oscillatory In pitch; range or average values 
given. eGoes into an inverted glide. 

Goes into an inverted spin after recovery from 
erect spin.

'z3i7'	 JiGi I D 189 159 io.76J 

av 
(deg) J (deg)	 (fps) J (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30°with 
to 30* against.	 to 00. 

Turns for recovery: 
Rudder 30°with to 0? 
Elevator neutralized. 
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CHART 22.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 22 LISTED IN TABLE]1 

[Rudder initially set 3O°with the spin 1 control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	
I	 I	 I 

a	 200	 70	 00	 70	 150	 20° 

	

II I'" II	 Elevator	 I 11391 1 13° 1 50 13 9 0.2 71 	 _________________	 _________________________ _______ 	 12 160 11e 0.2
Ibi b

11
Lb1 b 1 	 j 	 3Oup	 I	 I 	 'I	 ' 	____ H9

II'•9I  
d	 I 

Elevator 135 j u 1 1 32 10.33	
0	 h25 I	

I	 I '391	 I 6 10 37 10 3  
20°p Nlc i I	 II	 1 t	 I	 I 

TDPF = 50 x 1 -6	 1	 I	 L' ' I 

U P	 I	 I) 

d 

ator O I 2U I 135] 

	

0	u	 >j 
mb

-	 Elevator	 I 30 11321

5°up

96 10.31 Stick left Elevator 35 14U 1	 28 

3, 4 00 1, 1 T 
i [9

C) 
C 

I.)

Stick 

C 

0 

C) 



TDPF 50 x 10-6 

mb2	 - 

-	 Stick left	 I
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CHART 23.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 23 LISTED IN TABLE


[Rudder initially set 15 0 with the spin; control movement for recovery as indicated] 
-'	 Against	 Aileron setting	 With -	 I	 1 

a 20°	 70	 b	 00	 b	 7°	 b 15°	 d	 20° 

I1 1491	 Elevator 	 2 14.0 1159	 I	 I 1791	 I	 I 1791	 36 116D 113010.28 

fl .	 30°up 	
'	

CiCi	 '2 

b	 b 

Elevator 251 0 115910.35 
20°up	 1 

11 	 [

1	 1179 1 

e	 b	 d 

ator 129 I	 I I 1).141	 11981	 1 	 I	 11791 
up	 1 1,1	 >3	 ,.1	 >2 

b _______  

votor 33 ° I	 •-°	 I	 11981	 I	 I	 I 
I* up i. 17, 714	 1	 ]	 .	 I 

el  

	

iuI 59p I10 1 	 I	 I	 11891	 I	 I	 I	 11891	 I levator 6 I	 11351
I	 ci	 I	 I	 I-	 I 5°up 4,	

1 
>4	 >2	 1>2	 I 

.2 
e 

	

evator 105 1U T Fa F. q	 Stick right	 ] I k> I	 1 

C 

.Si 
C,, 

f 

	

s'I_6U 1 98 10.38 1 	 Elevo _  

5wide radius spin. 

	

Vandering spin	 0 2 Cdder reverse& to only 10 (3 of its full 
deflection) against the spin. 

dwandering spin with a whip. 
eOscjllatory in pitch; range or average values 

given. 
Oscillatory in roll and yaw; average values 

given
 into an inverted glide. 

"Goes into an inverted spin after recovery from 
erect spin.

281_14u11391_0.14 'S,zNACA 1281_5UI189II 

1
hi , h1jbj,hj_I 

Model values converted 1	 a I I	 v I	 I to corresponding (deg)J (deg) I(fps) _(rps) 
full-scale	 values. _

hTurns for.recovery: I_ Turns for recovery: I 
U	 inner wing  
D	 inner	 Uc? wing IRudder 15 0with I Rudder 150with	 I 

Ito15°against. _to 0°.
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CHART 24 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 24 LISTED IN TABLE 

[Rudder initially , set 30°vith the spin; control movement fOr recovery as indicated] 
-.	 Against	 Aileron setting	 With 

I	 I	 I	 I	 I 
a	 20°	

70	 00	 70	 150	 20° 

I	 I	 11301	 I	 Elevator I I	 I	 I	 1150160111610.2 3 1	 150j 70 1106 .2 5 	 I	 I	 I	 I	 52 8D111110.261 
I ' 	 '1	 ' I	 30°up	 Ill 1

I  I	 •l	 i'	 i 

I3 I	 ____

154	 1 1131 0.24 Elevator 371 301 1351 0.231 
20°up Cl 'Cl I	 I 

 i	 I 

Elevator


	

TDPF 600 x iO	 15° up 

Elevatoi 

N̂—_12D

	 uElevato 
° up 

mb 

d 

3217u 11 30l0. 36p .. 	 Stick left	 Elevatoi 
1 11	 1 
1 ,	 11p 'r

	

-	 Elevato 
5°down

'I 

Stick 

0 

U, 

d 

331e0 1 1301 0.39	 -Eli 

e 1 e fl , 11e1 
5Wide radius spin. bGoes into a wide glide.	 2 °Rudder reversed to only 0	 of its full 

deflection) against the spin. 
0scillatory in roll and yaw; average values 

given. 
e55 Into an inverted glide. 
Goes into an inverted spin after recovery prom erect spin.

1251	 2U11144I0.U.61 I 
33j75 I'3I°j 

Ia i 	 Ile2 I mfl•f1 

Model values converted I	 a	 I	 I va I 
to corresponding I	 (deg)	 (deg)	 I (fps)	 (rps) 
full-scale	 values. 
U	 inner hums for recovery: I Turns for recovery.-'I wing up 
D	 inner wing own IRudder 30°with	 J Rudder 30°with 

to 30° against. to 0°. 
Turns 

'I 
'Turns for recovery: 

30°with to 0 
I Elevator neutrazed. 	 I
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CHART 25.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 25 LISTED IN TABLE 

[Rudder initially set 150 with the Spin; control movement for recovery as indicated]


	

Against	 Aileron setting	 With	 — 

	

I	 I 

	

20°	 a	 Cr	 7°	 200 

II	 j	 I	 Elevator	 I	 11161	 I k2 I 9D I 121 0.21I	 I Ii	 1.1	 j 

	

NO J	 30°up	
. 	

lb I 	 I	 CO 

	

TDPF	 0 x lO 

	

-	 = -12) x

mb

I., 
0 

.0 

U 

Cl, 

C	 I
	 d 

	

Stick left
	

22 1 60 1i'&O.3
	 Stick 

1

'O 

0 

C) 

U, 

e 

	

129190 I 1 35I O2 l 	 Elevator 119 ! 3D 1194 0.56 	 I	 I	 123141	 I 

	

I	 I	 20°down1' 1	 I	 Igi gi I 
l'	 I	 I	 i'fl	 I 

awide radius spin.	 Model values converted bRudder reversed to only 100	 of Its full	 to corresponding 

	

deflection) against the spin, 	 full-scale values. COscillatory in pitch and wanders; range or 

	

average values given.	 U inner Wing up 
.teep 

	

eoscijlat sooinry in roll and yaw; average values 
.	 D inner wing down 

2iv0n 
1Gsinto an inverted glide. 
gGoes into an inverted spin after recovery from 

erect spin. 

a 
(deg) (deg)

v 
(fps)

a 
(rps) 

Turns for recovery: Turns for recovery: 
Rudder 150 with Rudder 15° with 
to	 150 against, to 0°.

FA



TDPF	 o x 10-6 

mb2 -	 -.	 - 
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CHART 26:- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 26 LISTED IN TABLE ill 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

20°	 a	 00	 70	 15°	 20° 

II	 Elevator	 11 1 391	 111251	 I	 11251 I	 ]	 300up	 b,2	
>5 I 

1 1 
L 

Stick left

I 1125j	 Elevator 

LI 

ator	 14'	 I	 II - 
up  

0 
-c 

U 

U) 

vator I I	 I	 Stick right 
NO I SPIN 121 	 2,2 

•0 

a 

Ac 
C.) 

U)

I	 I	 I Elevator	 I	 1 

II 20°down	 NO	 3 IN I 
°Slightly oscillatory in pitch. Model values converted 
bRudder reversed to only 200 (2 of its full	 to corresponding 

deflection) against the spi. full-scale values. 
U	 inner wing up 
D	 inner wing down

LL'H 
a 

(deg) (deg)
v 

(fps)
a 

(rps) 
Turns for recovery: Turns for recovery: I 
Rudder 300 with Rudder 30 0 with	 I 
to 30° against, to 00.

turns tor recovery: 
Rudder 30° with to 0 
Elevator neutralized. ̂. 



mb

I.) 
0 
.0 

0 

U) 

Stick left	 Elevator	 I	 I 
-	 0	 No ISpIN

b 

Stick	

1 

a 0 a 
I (deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 15° with Rudder	 15° with 
to	 15 0 against, to 00.

NACA TN 2352
	

63 

CHART 27.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 27 LISTED IN TABLE IEL 

[Rudder initially set 15° with the 5Ifl; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 I	 I 

200	 a	 0°	 a,b 70	 d	 20° 
I 20	 21 12	 201 

L	 I	 Elevator	 33 120 162	 39 1 D 152 0.37	 3 1110 1 1 391 0.35 

II	 ]	 30°up	 ,	 C,.0	 ?5 

Elevator	 22J IDI159I0.5  

TDPF 50 x io	 20°up  

up
I 1	 1 
I	 '	 I 

vator I	 I	 I16I	 I	 I	 I	
I1214I0.Ii 1 Up	 1, 2]	 14, 271 1 > e 

0 

0 

0 

I	 .1	 I	I Elevatorl	 I	 I	 I	 .1 
I	 I	 20°downj	

I 

50scillatory in pitch, roll, and yaw; range or	 Model values converted b average values given, 
ii	 to corresponding pping spin. 

°Iud er reversed to only 100 	 of its full	 full-scale values. 
deflection) against the spin. U inner wing up dOscillatory in pitch; range or average values 
given.	 0 inner Wing down



Elevator 
TDPF	 x 10-620°uØ 

J	
I I ME MEMI SOME 

C 

ator 
0 u 

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

Till Elevator[ 
NO ISPIN	 20 d 

Visual estimate.	 0 2 
Rudder reversed to Only 20	 of its full 

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

given. 
A much steeper spin also obtair.al. 
A."no spin condition also obtained. 
Goes into an inverted glide. 

I

- E^ 6̂&0211 ^ 
a	 0 a 

(deg)	 (deg)	 (fps) 
I 

(rps) 
rums for recovery: Turns for recovery: 
Rudder 30° with Rudder 30°with


	

to 30° against,	 to 0 
Turns for recovery: 
Rudder 30°wrth to 0 
Elevator neutralized.
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CHART 28.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 28 LISTED IN TABLE nr 

[Rudder initially set 30° with the spins control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	
I	 1 20°	 70	 0°	 70	 150	 20° 

II	 I	 I	 Elevator	 I	 I	 I	 1 51) 1123 f0.2U	 1l 
51) 1111 I 0.2	 I	 152 1 	 10.28] 

30°up	
L_3 I 11_Il 

mb

Stick left	 58 I 
1U 196 I o. 44 	 StIck riaht	 II 



b b 

evator	 159 

UP 

Oup

0 

0 
U) 

e 

Mb-
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CHART 29.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 29 LISTED IN TABLE UI 

[Rudder initially	 set 15° with the spin; control movement for recovery as indicated] 
-'	 Against	 Aileron	 setting	 With 

I I I I 
200 70	 a	 Cr a,b	 7° 150 

I	 I	 I	 I	 I
a	 20° 

I	 I
I

I Elevator 
30°up  

I	 I I I I I I	 11391
I	 IiiI I I	 i	 t11I 

11	 Cl	
° '	 I

I	 I	 I	 I	 I 
I	 I	 J

39 
50IltI116I0.25I 

1	 >	 i 
I Ii '[

i 

Elevator I
ad

I I
ab a

I u.I 
I	 ici4 125

i
1 O.2 

I I	 I 

I I I I I	 I 1lI 
19I 251 liD

1121 I	 I 

I 

I Ii i 1 20°up 
TDPF = 50 x 1c r6 i I I I

Stick left
	

Stick 

-c 

0 

0 
U) 

I	 I	 I	 I	 Elevator1	 I	 I 

I	 20°downl	 I	 I 
a0scjllatory in pitch; range or average values	 Model values converted 
b given '	 to corresponding giiippiag spin.	 0 2 Cjder reversed to only	 (- of its full	 full-scale values. 

deflection) against the spin.	 U inner wing up dwandering spin. 
eA "no spin" condition also obtained.	 - D inner wing down 

JIll 

(deg)	 (deg) (fps)	 I	 Ups) 
hTurns for recovery: Turns for recovery: 
Rudder	 15°with Rudder 150with 
to 15° against, to O



20°up I 'bl bl•I 

I 1 57 1 1D  96
10.31 
I 

mb1	 - --C, 
a 

U

TDPF O x lO 

	

aj
	t4 	 C 

	

7 	 o.41
dii 

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

C	 Elevator 

I I1i9I0.41 

8slightly oscillatory in pitch; range or 
average values given.  

bRudder reversed to only 20 ( 2 of its full 
deflection) against the spin. 

Coscijiatory in pitch, roll, and yaw; range or 
average values given. 

Goes into an inverted glide. 
eGoes into an inverted spin after recovery from 

erect spin.

I 211 5D I1.65I 
Iei eli	 I 

a 
(deg) (deg)

v 
(fps)

a 
I (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°w1th Rudder 30° with 
to 300 against, to 00.

NACA TN 2372 

CHART 30SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 30 LISTEDIN TABLE 

[Rudder initially set 300 with the 5Ifl; control movement for recovery as indicated] 
Against	 Aileron setting	 - With 

	

I	 •	 I	 I	 1 

	

200	 7°	 00	 a	 70	
s200 

	

II	 I	 Elevator	 I	 I	 I	 I 3 3D I11 k . 30	 I 1501 12I o.1 
30°up	 __	 I	 '. 1 

Two types of spin 

Elevator 131 I 1UI13910.3 

Stick left	 Elevator

V 

0 

0 

Two typep of spin 
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CHART 31.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 31 LISTED IN TABLE.Ifl 

[Rudder initially set 150 with the SpIfl; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 •	 I	 .1 

	

200	 a	 0°	 a 7°	 a20° 

I	 I	 I	 Elevator	 I	 I 17	 1	 I	 I	 I	 I7 I 
[NO SPIN	 30°up	 ,	 ti.4 I	 >4  I 

TDPF - O x i06 

mb

C 

Stick left	 Elevator
	

Stick ri 

SPIN 

I	 I	 I	 I	 I	 Elevator	 I	 I	 I 
NO SPIN	 20°down	 No SIN 

8Whippin8 spin and wanders.	 Model values converted 
bvt 5151 estimate. Rudder reversed to only 100	 to corresponding 

C — of its full deflection) against the spin, 	 full-scale values. 
C ;emelI steeD spin Recovery by rudder 	 U inner wing up 

reversal would probably have been very	 D inner wing down - 
rapid.

1.11 
NO ISPIN 

a 0 
I

v n 
I (deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 50 with Rudder 15° with 
to	 15° against, to 0°.



11111 
a	 qb	 v 

(deg)	 (deg)	 (fps) I (rps) 
Turns for recovery: Turns for recovery: 
Rudder 300 with Rudder 30°with


	

to 30° against,	 to 0 

Turns for recovery: 
Rudder 300with to 0? 
Elevator neutralized. 
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CHART 32.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 32 LISTED IN TABLE]It 

[Rudder initially set 3O°with the spin; control movement for recovery as indicated] 

Against	 Aileron setting	 With - I	 I	 I	 I 

	

200	 7°	 a	 0°	 a 7°	 150	 20° II	 I	 Elevator	 I	 I	 I	 J 	 I	 5D106 0.27 [531m 110110.261k D lO) L301
30°up 	 [c1,c1Jj	

{	 I >	 I I	 I	 1 

	

r l I I I	 I	 39 	 ___________  
11061	 1 [52 I	 1


a 

Elevato

I" 
10 	 _____________  

111610.3oj	 isDl liii 2O°up I	 I	 I	 Ib1  

L 'I	 [>3_j 

at 
TD?F - 600 x lO'

up=

1a 

?vator  
)°up  

C) 0 .0 

a 
4-
U) 

a a	 a 

I	 I	 I	 I Elev 
20°d 

eUscillatory in pitch; range or average values given. 
bGoes Into a slightly turning glide. 
C dder reversed to only 2)0 (2 of its full 

deflection)against the spi. dGoes into a Vertical roll.

0 

0 

0 

C) 

U) 

Model values converted 
to corresponding 
full-scale values. 
U inner wing up 
0 inner wing down



a.e 

Elevator	 I  
20°up	 Plir,

c,f	 c,f 
31	 1211	 1110 
'43 6c l'4ip.3o	 36 12111,6 0.3 

I"i	 1  

3 IE:' '	 I 

itor 1'4c 116410.391 Up
.i .24] 

0 
0 

(2 

(I) 

I+nr I	 Stick riaht	 1. I	 I Stick left

."U
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CHART 33.— SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 33 LISTED IN TABLE Zil 

[Rudder initially set 15 0 with the spin1 control movement for recovery as indicated] 
-1	 Against	 Aileron setting	 With 

I	 I	 I	 I 
20°	 70	 a	 0°	 a,c 70

	 c	 150 	 20° 
I	 11111	 I	 I3 I	 I	 I	 I	 I	 Elevator I I	 I	 I	 I I 39 	 113110 1	 142190 1 126 1 0.19 1 	 1511130111610.221 	 I 5 21 iOn 10810.24 

	

I Ii	 Idi di Ib b	 >	 f >6 I	 I	 I	 30°up	 i i•	 I	 i  

TDPF 600 x 10 

0 

.2 
C, 

AE 

H	 Elevator 
20°down 

awide radius spin. 
b es

Model values converted 
into a slightly turning glide, 

COatory in pitch; range or average values ..ill to corresponding 
given. 

'Ruader reversed to only 10 0	 of its full
full-scale	 values. 
u	 inner wing up 

deflection) against the spin. 
Wandering spin. D	 inner wing down

III No	 I (a	 4)	 V 
(deg)	 (deg) Cf ps)	 (rps) 

hTurns for recovery: Turns for recovery: 
Rudder 15° with Rudder 15° with 
to	 15 0 against, to 0°.

-nhlsppLlsa jJSLL.



TDPF..EOOxlO 

mb2 

a v n 
(deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 300 with 
to 30° against, to 0°.
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CHART 34.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 34 LISTED IN TABLE ilL 

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

I	 ' 	 I 

200	 70	
a	 00	 a	

70	
a 200 

29	 l'o	 I 
Elevator	 10 139 0.34	 36 1D112810-33]	 15° 8D 11 0.32 

I	 30°up 	 I 

Elevator 131 I 20 1 139 10.391 

	

200up Ibi bi'	 I 

	

1r21	 I

a 
0 

a 

Stick left	 Elevator
	

Stick riaht 
00

0 

.2 

a 
(I) 

14.8 1601	 I	 I	 I	 I	 I	 I 
16211513196 jo.4.1 I 	 Elevator 128! 5U 1132!0.4.21 

71, ' 
d 

I ,
	 I	 20°down' dli	 I 

1	 12'	 7 1	 I 
Oscillates  in pitch; range or average values 	 Model values converted 

given. to corresponding °Ruader reversed to only 23° d of its full	 full-scale values. 
deflection) against the spin.	 U inner wing up 

in pitch, roll, and yaw; range or 
d average values given.	 D inner wing down 
Goes into an inverted glide.
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CHART 35.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 35 LISTED IN TABLE III 

[Rudder initially set 15 0 with the Spin; control movement for recovery as indicated] 
-.	 Against	 Aileron setting	 With 

20°	 a	 00	 a,b 7°	 d	 200 

I	 I	 I 21 22D 

	

Elevator	 jl5'tj	 I	 I 15	 311 16U1151110.314 

	

I 30°up	 ,	 C11C3
	 12 

TDPF- 600 x 10-6 

thb2 

I	 I	 Stick left	 Elevator	 I	 I	 II	 Stick right	 J I	 F	 0°

.2' 

_	 I	 _ 
Elevato 

5015215  

I	 I	 I	 r'	 I	 I	 I	 I	 I 

	

20°down l 	 NOJSPIN	 - 

Wandering spin. 	 Model values converted 
pping spin.	 0 2 to corresponding Mder reversed to only 10	 of its full	 full-scale values. 

1 deflection) against the spin. 	 u inner wing up Oscillatory in pitch roll, and yaw; range or 
average values given.	 D inner wing down

a' qb v ii 
(deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder 15°with Rudder 15° with 
to 15 0	 against, to 0°.
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CHART 36;SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 36 LISTED IN TABLE ]1t 

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

Against	 Aileron setting	 With 

I	 I	 I 
20*	 70	

a	 00	 a	 70	 150	 20° 
Elevator I I	 I	 I	 I I	 I	 I 139 	 I 39I	 I	 I	 I	 I	 I	 1	 '	 3D 121I0.2ij 

I Ibi	 1 I c 1

	

dii	 Ii 3O°up	 I	 I I	 'r1	 ' 21 I'	 I	 I I	 I	 '6 

	

Ii	 1 _ LJ 

>I 

Elevator	 I	 I	 I 
20°up 

TOP?	 X 10-6 

I	 I	 Stick left	 Elevatc 
NO I SPIN

I154 0.27	 1	 I	 11391 

d1d1 

L'	 I

U 
0 

U 

e 

24110 116110.5 
1,1

,. 

I	 I I 
I SPIN NO

f 

1, 2 

I I	 IElevatorj I	 I	 I 
20downj	 I	 I 

aWide radius pin.	 Model values converted bVial estimate. 
cGes into a slightly turning lide. 	 to corresponding 
dRudder reversed to only 20 0 (_ of its full	 full-scale values. 

deflection) against the	 U inner wing up 
e0sCjllato in pitch , average values given. 	 D inner wing down 
f0scillator spin with a whip; range or average 

values given.

w III 
No I 

a	 0	 v 
(deg) I (deg)	 (fps) I (rps) 

lurns for recovery: Turns for recovery: 
Rudder 30° with Rudder 300with


	

to 30° against,	 to 0 
Turns for recovery: 
Rudder 30°wifh to O 
Elevator neutralized. 
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CHART 37,— SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 37 LISTED IN TABLE 

[Rudder initially set 15° with the spirit control movement for recovery as indicated] 
-1	 Against	 Aileron setting	 With 

I	 I	 I	 I	 I 
20°	 70	 a	 00	 a	 7°	 15°	 d	 20° 

37601 
Elevator	

13Lb	
139	 ______________ !E 16t 121 0.2 

3t°	 1 1 bl ci ci U	 ' i	 ' 	 >13 

Elevator	 I	 I	 I 
20°up 

TDPF 50 x 10_6 

mb2 	 -

C) 2 
C) 

I	 Stick left	 Elevator	 I	 I16I	 Stick ri 
o°	 1 e j 1e72

f	 f

I	 Iiiii 
5°down	 1 

V 

I	 I	 I	 Elevator I I 

U N 
 I	 I	 I 

I	 I	 20°downl	 I	 I 

8Wide radius spin.	 .	 Model values converted 
bGo es into a slightly turning 1ide.	 to corresponding 
Cdder reversed to only 100 (_ of its full	 full-scale values. 

deflection) against the spi. 	 U inner wing up dSljghtly oscillatory in pitch, roll, and yaw; 
range or average values given. 	 D inner wing down 

e ecovery attempted before model reached final 
steep attitude. 

0scillatory in pitch, roll and yaw and has a 
whip; range or average v.lues given.

III 
NO 

a	 v 
(deg)	 (deg) (fps)	 (rps) 

hTurns for recovery: Turns for recovery: 
Rudder 15° with Rudder 15 0 with 
to 150 against, to 0°.



I1 10 180.77 

Il	 I 
I 
gi

'
g i 

I	 I 

a 
(deg). (deg)

V 

(fps) (rps) 
Turns for recovery: Turns for recovery: 
Rudder 30°wifh Rudder 30 0 with 
to 30° against, to 00.

NACA TN 2352 

CHART 38.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 38 LISTED IN TABLE 

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


	

Against	 Aileron setting	 With 

a	 20°	 -	 7°	 a,b	 00 .	 a,d 7°	 a,d 20° 

fl^A
	 I 7D 

	

 Elevator	 1 25 9U 159 0.32	 189	 16 

	

 
3 .0°up	 r, c j IP-7 

	

Elevator	 271 0 15 211 0.39


20°up e e 

TDPF 50 x lO 

12D x 10 

Stick left	 Elevator I I	 I	 I	 I	 Stick
	

]	 iI1 

0 

.2 

0

_____ 

I 16 I 50 11061 0.2111

a	 7 

Elevator 1291 30113010.521 r2r2
200downl 14!  1 

ii 
11:1	 I 

Wander1ng spin. Model values converted Oscillatory in roll and yaw; range of 
c	 given,

values
to corresponding 

Goes into a slightly turning glide, dWh full-scale values. spin. 
emd a

ipping	
° er reversed to only	 of its full	 U	 inner wing up 

deflection) against the spin. 	 Visual	 D	 inner wing down 
estimate. 

oes into an inverted glide. 
gGoes 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 nr 

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


	

Against	 Aileron s 
I 
setting	 With
 I 

200	 70	 a	 00	 7	 200 

IS.
	 E 

	

Elevator	 a p x 

	

up	
a  

	

3O°	 I	 I 

Elevator 
2O°up [ 

TDPF = o x 106 

I _I	 _L x	 '..12xlQ 
mb2 

Psteep spin with a wide radius and wanders. 	 Model values converted I	 a Dwandering spin.
I	 I C j der reversed to on	 to corresponding ly 100 	 of its full	 (deg)	 (dg)	 (fs)	 (rs)full-scale values. 

deflection) against the spin.	 U inner wing	 hums for recovery: I Turns for recovery: I 
doscillatory in roll and yaw; range of values Rudder 15° with I Rudder 15° with given.	 D inner Wing down	 to 150 against, to 00. - e es into an inverted glide. 



I	 I 1	 I	
I

Elevator! 
20°downj	 No.sPiN 

awide radius spin. bes Model values converted into a slightly turning glide, 
Whipping spin. 
Rudder reversed to only 2 0 (	 of its

to corresponding 
full	 full-scale values. 

deflection) against the spi. 	 U	 inner wing up e0scjl1ato	 in pitch; range or average values  given. inner D	 wing down

w IIll 
a v n 

(deg) (deg) (fps) (rps) 
Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30° with 
to 30° against, to 0°.
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CHART40 SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 40 LISTED IN TABLE III 

[Rudder initially set 30°wlth the Spin; Control movement for recovery as indicated] 
Against	 Aileron setting	 With I	 I	 I	 I,	 I 

	

20°	 a	 00	 a,c 70	 15°	 200 LI	 I	 I	 Elevator	 I	 139 0.'17 	 I	 I'11	 5D 1113101 

I	 I	 30°up	 .	 jbi 1 di dii	 I	 11 

C

J_6! I 1161 0.29 

TDPF = 600 x 106 

Stick left

C) 
0 

C) 

U) 

C, 5 
23	 111.6 
3 2D 161 0, 
1 1

0 
0 

0

e 
Stick right	 128 I 

'3$ I 50 H I

/ 



NACA _I 
NO	 I 

Ia 
(deg) (deg)

V 
'(fps)

fl 
(rps) 

Turns for recovery: Turns for recovery: 
I Rudder	 15 0 with Rudder	 15 0 with 
to J5° against, to 0°.
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CHART 41-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 41 LISTED IN TABLE UI 

[Rudder initially set 150 with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

	

I	 I	 I 

	

20°	 a	 00	 ab 7°	 l

I	
20° 

	

LI I 	 I 	 Elevator	 I	 11391	 I	 1 1251 0.11 	 Uk J12D 124 O.2f I	 I 	 30°up	 cc.J  

a

iJ	 [I136I looP 
TOFF - Eoo x 10-6 

MD-
	

0 
0 

0 

a	 I 

Stick left	 23 kOD 1151 I

	
Stick
	 2 5T 

0 
0 
0 

I	 I	 I J	 Elevator	 I	 I I	 I II	 20°down	 NO SPIN 

Wide radius spin. 
Whipping spin,	

Model values converted 
to corresponding 

Rudder reversed to only 100 	 of its full full-scale values. 
deflection) against the spin. Goes into a 	 u inner wing up slightly turning glide. dA U spin" condition also obtained. 	 D inner wing down 

esjjr oscillatory in pitch.



"H 
a 

(deg)
0 

I (deg)
v 

Cf ps) I (rps) 
Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 300 with 
to 300 against, to 0°.

1 91 1 	 1 

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

78	 NACA TN 2352 

CHART 42-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 42 LISTED IN TABLE 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

200	 a	 00	 b.c 70	
'0	 200 

II	 I	 21 
Elevator	 161	 35 90 1149 0.2e	 lii 1^1300-33 r I	 30°up 	

j	
>2 

TDPF 600 x lO 

Ix - ly
-12) x l0 

mb2 - 

Stick left
	

Stick ri

25% 

Je 
U 0 

U 

2; 15D 
3 23 1147 1 0.50	 Elevator 

I20°down 
aw boide radius spin. 

scillatoxy iti pitch; range or average values 
given. 

Wendering spin.	 0 2 Rudder reversed to only 20 G of its full 
deflection) against the spin. 

eoscjllatory in pitch, roll, and yawl range or 
average values given. 

gGoes inverted and then begins to spin in a left 
erect spin after recovery from right spin. 
es into an Inverted dive.

0 
0 

0 9-

U 



NO I SPIN
1 1 
Ir	 IT NO I SPIN 
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CHART 43.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 43 LISTED IN TABLE ifi 

[Rudder initially set 15°'wlth the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

200	 a,b	 00	 b	 70	
d 20° 

I	 I	 Elevator	 I	 17T-1 r I	 IiI	 iI15D113Q1O.31 
NO	 30 up	

,	 !	 I	 I 

TDPF 600 x 10-6 

X	 _ix10 4 T 
mb

C., a -a 

C.) 

U) 

Stick left
	

Stick 

own 1	 NO I SPIN 

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

III 
solspis	 2 

Wide radius spin. 
Wandering spin. 

°Visual estimate. Rudder reversed to only 
O (2 of its full deflection) against 

the spin. dslightly oscillatory In pitch; range or 
average values given.

III 
soIsii 

a
(deg) (deg)

V 
Ups)  

fl 

Turns for recovery: Turns for recovery: 
Rudder 150 with Rudder	 15° with 
to	 15 0 against. to 0°.

P 
a 

.2 

U 

rk 



U 0 
U 

mb2 -

lii 
NO ISPIN 

a 0 a 
I (deg) (deg) (fps) (rps) 

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

NACA TN 2372 

CHA44SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 44 LISTED IN TABLE 

[Rudder initially set 30°with the spin; Control movement for recovery as indicated] 
Against	 Aileron setting	 With	 - 

200 	 a	 Q0	 7°	 C 20° 

I	 I	 I
9	 2o 6D 39 Elevator	 13 1D I 15h4l 0.I 	 2 11 24D 147 o.44	 31 16D 5910.43 

I	 30°up	 b,,
I
	 4

I 

30 I 1D I139I0. I 6 Elevator 
b,2	 20°up 

TDPF O x lO

I1.1I I	 - 

Stick left	 E
	

Stick 

NO I SPIN 

U 
Val

IElevator I I 
I	 I	 20°downi I 

5Oscjllatory in pitch; range or average values Model values converted 
given. 

°Ruader reversed to on1y	 of its full to corresponding 
deflection) against the	 th full-scale values. 

Cg}jpping spin. U	 inner wing up 
D	 inner wing down
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CHART 45-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 45 LISTED IN TABLE 

[Rudder initially set 15° with the Spin; control movement for recovery as indicated] 
Against	 Aileron s 

I 
setting	 With 

-I-

	

2 T-	 00	 a	 70	 150	 a.c 20° 

	

II	 I	 Elevator	 2315D 116910.1411	 I	 J1614J	 I	 115141 

	

I	 300up 	 I	 >	 I 

p 

TDPF	 o x 10_6 

ULWO

	

20 I 194 I 0. 5 1J 	 21 11 3D 116910.60 

	

I	
>4 

I 

U 
a 

U 

(J) 

I	 I.	 Stick left	 Elevator	 I	 I	 I	 :	 Stick right 

L I	
00	

N0BJ 

0 

C.) 

U)

S T E P 
SP I N 

•1 

'I Ij
	 EievatorII11  200 lown

Model values converted 	 a udder reversed 
9Wandering spin, to only 10°

	 of Its full	 'to corresponding	 (deg) I (dig) I (fps) I '(rs) 
spin. 

deflection) against the spin.	 full-scale values.	
ITurns for recovery: hums for recovery: 

Cgjppjflg	 ,	
u inner Wing up	

I Rudder 15°with	 I Rudder. J50 - with D inner wing down	 to 15°against.	 to 0°.



I x - ly 
mb2

29 I 501 13A 0. 

C

1193 0.57 
1-il 'ir. 'p 

Elevator 
10° up 

I 
I (deg) I (deg) I (fps) I (rps) I 
1w ols tot recovery: Turns for recovery: 
Rudder 30°with Rudder 300with 
to 300 against. I to 0°. 

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

Model values converted 
to corresponding 
full-scale values. 
U inner wing up 
D inner wing down
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CHART 46.7SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 46 LISTED IN TABLE 111 

[Rudder initially set 30°with the spins control movement for recovery as indicated] 
-	 Against	 Aileron setting	 With 

I	 I	 I	 1 
a	 200	 7°	 C, d,e 00	 c,d,e 70	 50	 a,c 200 

P

I	 I	 20	 131	 32 201	 I3' I	 39	 Elevator	 O 3D 1L.6 0.32	 37 12D1139 0.32	 _______________ I	 1OD 123 o.J


L J	 300up
 

I	 I	 L" 1 J	 2 

Elevator	 I	 I	 I 
20°up 

TDPF -OxlO

Elevatoi 

7_^ 40%
l up

I	 I	 5Dj].'4lo.39l 
I	 I	

I1	
I]2J	 I 

I	 I	 I>	 I 
J1.1i

left

I	 I	 I Elevc 
20°d 

3Oscillatory in roll and yaw. b es into a spin to the left after recovery 
from right spin. Ccscilleto i.y in pitch; range or average values 
given. 

Wandering spin. 
Whipp,ng spin.	 0	 2 Rudder reversed to only	 ) of its full 

deflection) against the spin 
Recovery attanpted before model reached final 

steep attitude.
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CHART 47.-SPIN AND REXVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 47 LISTED IN TABLE ]R 

[Rudder initially set 15° with the spins control. movement for recovery as indicated] 
-	 Against	 Aileron setting	 With 

I	 I	 I 
200	 70	 a,b 00	 a,b 70	 150	 a	 20° 

I	 I	 1	 Elevator I I	 I'	 I	 I	 I	 L I	 1 1391	 I	 I	 hOD 1121 I.,O 
30°up	 [c 	

.6 

Elevator	 I	 I	 I 
20°up 

TOFF o x 106
	

U 

ID upI 

20	
2210	

a,d

I> 2 	 I I0°up	 ,>2—H	
I	 U90)e7 

	

ii	 1.)

I -.	 I 
Elevator	 I	 I....L......l	

0	 I I	 117910.'40


Yup el., 

	

I	 ,	 I 

I	 I	 I	 I	 Stick left	 Elevator 1 I	 I _j	
Stick right 

I	 I	 I	 00	 NO

P 0 

I	 I	 I	 I	 I	 Elevotorj	 I	 I	 I	 I 

I	 I	 20°downl	 I	 I 
8oscillatory in pitch; range or average values	 Model values converted given,	 to corresponding Wandering spin. 
0Rudder reversed to only 100 ( of its full 	 full-scale values. 

deflection) against the spi.	 U inner wing up 
diipping tempted before model reached final 	 D inner wing Recovery a	 down e  

steep attitude.	 -

w Hil 
NO 	 SPIN 

I	 a v	 Li 
(deg)	 - (deg) Ups)	 (rps) 

Turns for recovery: Turns for recovery: 
I Rudder 150 with Rudder 150 with 
[j5° against, to 0°.



l	 I 

.I3U	 9k	 .46 NACA 1	 I	 I 
Model values converted 
to corresponding 
full-scale values. 
U	 inner wing up 
D	 inner wing down

a v 
(deg)	 (deg) (fp s)	 (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30° with 
to 30° against; to 00.
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CHART 48.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 48 LISTED IN TAE 111 

.[Rudder initially set 30°with the Spin; Control movement for recovery as indicated] 


	

Against	 Aileron setting	 With 
I	 'I	 I	 I 

a,b 200 	 70	
C	 00	 d	 7°	 d 200 

j 1 
1 3 	 l3 0.33J	 Elevator	 I 26 1 50 1 137 1 0.37.	 J	 159 0. 38	 16 

el el •	 I	 I	 30°up
 

C 

26 

Elevator 1 
36 !U 139 0)42 

20°up le,! ,

TDPF 50 x 

Stick left

C.)1 
DI

1XIYlxlQ 

Two	

mb2 

	

typ 	 of spin 
a	 I 

I56I11DI	 I 

1

74I 9VI 82 o6 
_6, 6	 Stick right 

I32I 5U 1120.69I	 H
STEW I 
H 

81 

I 
Two ty pea of spin 

a

a	 Elevator 
63 100	 20°down 
75 170 89 0)19 

001 
aOscillatory in pitch, roll, and yaw; range or 

average values given. bunsteadY turning rate about spin, axis. 
Oscillatory in pitch; range or average values 

, given. 
'Wandering spin.	 0 2 e}dder reversed to only 	 of its full 

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 III 

[Rudder initially set 150 with the Spin; control movement for recovery as indicated] 
-	 Against	 Aileron setting.	 With	 — 

I	 I	 I 

a 200	 70	 c,d	 0°	
70	

c	 200 

4 ii4d k36 	 Elevator	 I	 I171	 I	 I	 I bi	 I 
[ IT,	 Ir	 91

biL	 30°up	 I  
JbibJ	 ______	

I 

Elevator 121 I3D 1169 3.I2 
20°up [ 2 1ib1i

IF 

TDPF O x 10-6	
1b4b1

25, 

ix
mb

Stick left
	

Stick 

0 

0 

C) 

(I) 

Two typjes of spin 

h 
i 46	 D	 I 

I 69I1UI 99 0 . 50 I

I	
I	 I 

hippin8 spin. Model values converted I Goes into an inverted dive. 
•	 Wandering spin. to corresponding a 

i	
(deg) I (d 'g) (fps)	 I (rs) Oscillatory in,pitch. full-scale values. e proxte1y	 turn after rudder reversal,	 u	 inner wing ITurns for recovery : Turns for recovery: 

model's attitude became very steep at which 	 D	 inner wing down •	 time the
Rudder l5°with Rudder 150 with 

to up elevator caused the model to pull Ito l5°against. l5°ogainst; 
up into a flatter attitude and continue 	 rning tu

I Elevator reversed f	 to the right. 
Recovery attempted before model reached final I to full down. 

steep attitude. 
Rudder reversed to only 100 G of its full Turns for recovery: I 

h	 deflection) against the spin. 
Oscillatory in pitch, roll, and yaw; range or

I	 Rudder 150 with to 00; 
I	 Elevator neutralized.

I 
I 

i	 average values given. 
Goes into an invert6d glide.



20° up ____________

C.) 
a 

C.) 

86	 NACATN2352%

CHART5OSP!N AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 5O AND 7OLISTED IN TABLE X 

[Rudder initially set 300 with the spin, control movement for recovery as indicated] 
Aginst	 Aileron setting	 With 

20°	 7°	 0°	 b	 7	 d	 20° 

J	 EJ!QiOLJEEHIE	 I	 JaiiIj 

122 J 12D1 1k 1 j	 1	 1j75 

30°up 
Hill	 iIIH	 H1 1k210.361 

TDPF - ZO x lO 

5 5U 94 0. 44	 3D 19S 0.72 
Stick left	 Elevator EU 121 o.k7	

Stick right
00

521 5U 
1 

94 o.'4

-a 
0 

.2 
0 

i kl kD I i	 _____  
b	

k51	 II	 I	 I 66 13U 96 0. 

_________	 ____________	 I	 Ii	 I 

66 1 U 91 o.k6 i	 I	
D	

I	 I	 1 101 I0.461	 I	 I	 I	 I 
Goes into a slightly turning glide.	 Model values convened	 Rectangu'ar wing Oscillatory in itc roll, and yaw; range 

°	 of its full	 full-scale values	 (deg) I (deg) I (fps) I (fps) 1 

or average values given,	 to corresponding °fludder reversed to only 2 	 a	 I	 v	 I 
deflection) against the spin. 	 U inner wing	 (deg)

 Turns for recovery 
dwandering spin.	 0 inner wing wn e prox+te one turn after rudder reversal 	

Rudder 30°with I Turns for recovery models at itude became very steep at which 
time the up elevator caused the model to pull	 to 30°	 Rudder 30°with against.	

to 30°aaainst. up into a latter attitude and continue turning 
Goes into afr Inver 

to the right., ted dive.
	 a	 V	 F 50scillatory in pitch; range or average values given. 	

(deg) j (deg) I (fps) J (rps) 
Tapered wing



TDPF 2J0 x 10.6. 

0 
U, 
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CHART 51.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 51 AND 71 LISTED IN TABLE III 

[Rudder initiail,y set 150 with the spin S control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 I	 •1 200	 70	 a	 00	 a	 7°	 200 

I	 I	 I	 I 27 1 	 4D

30°up	
b>2	

''	 '	

F 
I	

J c c I	 II	 I 	 ____________
El 	 I	

1>2, 

[liii

	

	 _ 	 11117511 

d 

EJ 2I2J 2 0 112 !! 
20°up  

I	 I	 I

SnJALV 
mb 

541 4u 1 9110•144e 
°

cJ uuwII 
1521 6uI94 Jo. 

awandering spin	 2 bRudder reverse& to only , 100 (— of its full 
deflection) against the spi C dder reversed before model re

.
ached its final 

dos steep attitude, 
cillatory in pitch; range or average values 
given. soacillatory in roll and yaw; average values 
given. 

Goes into an inverted glide. 

Stick left

- I 

32 J61	 116IO.52I
 

Model values converted Rectangular wing 
to corresponding	 ['7 full-scale values  
U inner wing up 	 (deg) I (dg)	 (fps) I (rs) 
D inner wing down	 UTurns for recovery: Tu rns

 for recovery: 

	

Rudder 15° with	
'Rudder 15 -with I 

	

Ito 15° against.'
	 15°against. 	 I 

a	 I	 v 
(deg). I (deg) I (fps) I (rps) I 
Tapered wing



I 361	 11 S. i	
I^A F41 7 

 

I 313U I 113 1 0.149 I	 I.	 I	 I I	 iJ 20

Model values converted 
to corresponding	 j—Rectangular wing	

ps U	 inner wing up  
full-scale values	

u i	 (deg)	 I	 (deg)	 I	 (fps)	 (r) 
D	 inner wing down	 U Turns for recovery	

Turns for recovery I R YA 300th	 I 'Rudder 30°with Q° against.	
I I to30°aainst. 

b3	 I 
lea I	 I	 I

[.1•] 
L.J-.J NACA TN 2352 

CHART 52SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 52 AND 72 LISTED IN TABLE  

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


	

Against	 Aileron setting	 With 
I	 -	 -! 200	 70	 00	

a 	 c	 20° 

L 30*u p

_ 	 I139I0.3g1 	 I I	 116k I
Elevator	

bI_!__i 	
di d1  

 HE	 0.391 

EjQ!oL bia 
20°up

1 30 1 60 1136 IO.43

TDPF 330 x io6 

Je 

Stick left	

1

	
Stick right 

26 0.50- 

•0 
a 

Iri 

• a	

11U 106 10.1441
 

971.93 
  

Elevator 
2

20°down 
14510 

56 1313 103 1 o.45 

asligl.,tly oscillatory in pitch; range or average 
values gi v

en. to only 2)0 (2 of its full Rudder reversed 

deflection) against the spin. Cwanders . and as a slight whip. 
dGoes into a slightly turning glide. 
eproximotely one turn after rudder reversal 

model's attitude became very steep at which time 
the up elevator caused the model to pull up lntc 
a flatter attitude and continue to turn to the 
right. 

Oscillatory in roll and yaw; range or average vali 
given. 

g0055 into an inverted dive.

LTapered wing 



TDPF zoo x 10_6 
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CHART 53-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 53 AND 73 LISTED IN TABLE,L 

[Rudder initially set 15 0 with the spin; control movement for recovery as indicated] 

Against	 Aileron setting	 With 

I	 I	 I 
a	 200	 70	 b	 0	 b,c	 °	 200 

______	 ______	 11691 1 
Elevator

159 j	 > L	 169 
J	

12	
J > 2,>2 I L!J1	 300Up

Hl. IHIII	 11117511 

Elevator	 b 
>̂62 ^  

20°up ______________ 
901	 I I 191 3U1 180 0.

mb2 

Stick left	 Elevator 114' 11	 1	 f	 Stick right E^J. 0.	 11^d.
18 1 3U 180 0.65 

f 

LII

I 	 I	 I

70	 98 Io.sI	 31	 70	 125 0.55	 I	 I	 I	 I I:	 I 

I5' I 80 101	 131 I	 I 121 I 0.54j	 1	 1 
8wide radius spin. 
b . andering spin. 
CWhipplrig spin.	 0 2 d dder reversed to only 10 	 of its full 

deflection) against the spin. 
e0scj11at0 in pitch, roll, and yaw; range or 

average values given. 
oscivatory in pitch; range or average values 

given. 
gooes into an inverted dive.

Model values converted	 Rectangular wing 
to corresponding	 a full-scale values.	 I d (deg) I (deg) U inner wing	 (deg) 
0 inner wing d1 wn	 ' Turns for recovery' 

i.jRudderl5°with I 
tol5° against .

v 
(fps)	 (rps) 

Turns for recovery: 
RUdder 15°with 

Tapered wing



a V a 
(deg) - (deg) (f ps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 300 with 
to 300 against, to 00.

lurns tor recovery: . 
Rudder 300withto300agalnst, I 
Ailerons neutralized. 

n16 1,1^ 1,1
1 

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

NACA TN 2372 

CHART 54.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONTION 54 LISTED IN TABLE 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 '	 I 
200	 7°	 a	 00	 a,b 7°	 a,b 200 

22	 I	 I 

	

Elevator	 1281 4D _iUli__0.33 	 36 7D 39 	 6 _ 

I	 30°up	 ,	 I	 I	 I I'I  

	

28 1U 144 0.39
	

II	 I	 Elevator	 I30I13DI142Io.112 
200up

TF - 600 x 10_6 

mD 

Stick left
	

Stick ri 

0 

U, 

e 
27	 I 
39 6u 101 o.'is	 Elevo 
fi, 4	 20°dc 

8Wandering -spin. 
Oscillatory in pitch; range or average values


	

given.	 2 C dder reversed to only 200 (— Of Its full 

deflection) against the spi. 
Goes into a slightly turning glide. 

eoi1latory In pitcXi, roll, and yaw; range or 
average values given. 

Goes inverted and then goes into erect left 
spin after recovery from right spin.

 erect .
 

es into an inverted glide.



Jd 
C) 
0 

C)

ma 

H1 
a

(deg)
0

(deg)
• V 
(fps)

U 
(rps) 

Turns for recovery: Turns for recovery: 
Rudder 15° with Rudder 15 0 with 
to 15°	 against. to 0°.
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CHART 55.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 55 LISTED IN TABLE III 

[Rudder initially set 15° with the 5fl; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

Q0	 7°	 0°	 b	 70	 b 200 

I	 I	 I
 

Elevator _ jIlIIFlI 1 2919DI15l40.32	 331150113910.32 

I	 J Cj 

Elevator	 231 4DI1691o.33l 
20°up	 FL' 1-171

I 	 TDPF 600 x 10_6 

Stick left	 Elevator
	

Stick 
0°

0 

0

d 
271 
37190 	 119

I 

I0.51 
I

Elevator 1251 6uI135Io.59 
e	 , el	

]
200downIel, elil 

avianal estimate. Model values converted 
bWandering spin 
°udder reverse	 to only 100 	 of

to corresponding 
its full	 full-sáale values. 

deflection) against the spin.	 U	 inner wing up 
°Oscillatory in pitch	 roll, and yaw; range or 

average values givn. D	 inner wing down 
e ea into an inverted glide.



C-) 
0 

C) 

ZE 

UILr

S 

d	 I 
Stick left	 Elevator I25Iz11J 11t6Io 

00	 11.1 1>5NO I SPIN

Stick ri 

d	

I2 

a 0 
I

v n 
I (deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30° with 
to 30° against, to 0°.
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CHART 56.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 56 LISTED IN TABLE 

-	 [Rudder initially set 30°w1th the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 I 
200	 a	 00	 b	

70	 200 

Elevator	 6DJjiii 0.20	 34 70 k 3 I	 J4] SD 113j0.29j 

I	 305up	 I Ci C11	 4	 >7 
I 

	

37 3D1420.29	 I	 Elevator 

- TDFF llO x lO 	
200 up 

0 

0 

Je 
C) 

'	 I	 I	 I	 Elevator I	 I	 I	 I 

I	 20°downl	 NO 
I 

SPIN I 

8Wide radius spin with a whip 	 Model values converted bslightly oscillatory in pitch and wanders; 	 to corresponding average values given C dder reversed to only	 0 (2 of its full	 full-scalealues. 
deflection) against the spi.	 U inner wing up Oscillates in pitch; range or average values given.  e	 D inner wing down jppi	 spin.

nverted glide. 1Goes into an i 



0 
0 

U 

U) 

mb-
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CHART 57.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 57 LISTED IN TABLE 1fl 

[Rudder initially set 15° with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

	

200	 a	 00	 a	 70	
150	 c	 200 

riI	 I	 Elevator	 1 1	 137 	 1	 33 ko 1139 0.2c	 2D 11231 0.27 

II	 30°up	 Li,j 	 1.71, .7

1	
I13 

Elevator 64 I 8D 11a 10.36 

TDPFG0Ox1O	 20°up	 I 

C 

I	 I].2I	 I 

I 1nI'561 0. 50 1 	 Stick right 

NO I SPIN
	

1, it I 

0 

0 

U 
4-
U) 

I	 I 
J	

Elevator I	 I	 I	 I	 I	 i 

	

I 20°downl NO 
l'	

NO 

awide radius spin. 	 Model values converted 	 a b udder reversed to only 100	 of its full	 to corresponding	 I (deg)	 (dig) I (f ps) I (rs) 
deflection) against the spin,	 full-scale values.	

'Turns for recovery: I ,oscillatory • range or average values	 U inner wing UP	 Turns for recovery:
Rudder 15° with 1 Rudder 150 with given.	

0 inner wing down	 to 15° against,	 to 00. 

k 



4 

	

91
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CHART 58.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 58 LISTED IN TABLE 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
-.	 Against	 Aileron setting	 With 

I	 -	 I	 I	 I	 I 

	

200 	 a	 00	 a.b 70
	 15°	 200 

	

I	 I	 I	 j	 Elevator	 I F 61	 1 1 I	 I '391	 3I 3DI116I0.261 

I	 ]	 30°up ,	 C, C1	 _______ 

	

b	 b,d 

	

'39	 351	 12 

	

Elevator 26	 D j5I 0.35	 ksI 7-1 139 0.30 

-6	
20°up	 ,  

TDPF O x 10 

mb

Stick left

U 
a 

C) 

I 
a	 1 
20 6ul 
32 7D p6i 0. 

1 1 2,2 
2 2

d,e 

Stick ri 

a 

0 

C, 

VAI 

I	 I	 I	 Elevator
	 III 

I 20°down
	

NO 

aWide radius spin. Model values converted 
boscillatory in pitch; range or average values to corresponding 

given. 
C .der reversed to only 2DO	 of its full full-scale values. 

deflection) against the spin. U	 inner wing up 
dgtijpaing spin. 
eoscillatory in pitch, roll, and yaw; range or D	 inner wing down 

average values given.

a v a 
I (deg) (deg) (fps) (rps) 

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



Ale U 0 
-a 

U 
mb

NACA TN 2352	 - 95 

CHART 59.- SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 59 LISTED IN TABLE m 

[Rudder initially set 15° with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting With I I I 

20°
I 

a	 T 70	 c	 150 20° 

II	 I	 I 
]

Elevator 
30°up  

1	 1	 1 149 1 	 1 1
bi,bi 

1	 1 lia l I 1 4191 iir1 118 1 0 . 2141 
[>3k	 I	 I

I12D 1116 10.25 
'	 I I

I19i0.314 Elevator M 49 - 

TDPF -Ox
20°up iL	 2 >	 I 

C, C 
Stick left

22 1D 
TLo.491 . 41 14D 

0 
0 
U 

I I	 I	 I	 I	 Elevator 11	 I	 I 
I	 I	 20°downl	 NO

I	 I'I	 I 
aol spia 

a qb V fl 

(deg) (deg) (fps) (rps) 
Turns for recovery: Turns for recovery: 
Rudder	 15°with Rudder	 150 with 
to 15°	 against, to 0°, 

6oscillatory in pitch and has a wide radius, Model values converted 
range of values given.	 2 °Rudder reversed to only 100	 of its to corresponding 

deflection) against the spin. 
cOsci1lato	 in pitch; range or average values

full-scale values. 
U	 inner wing up 

given. 
dwandering spin. 
fWhipping soin.

D	 inner wing down 

Recovery attempted before model reached final 
steep attitude.



I1
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CHART 60.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 60 LISTED IN TABLE U1 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

	

200	 a	 00	 a,c 70	 c	 200 

	

II	 I	 Elevator	 261 60 1 152 1 0.39 	 37 1 7D 114410-34	 137 1120 113011.32 

	

I	 30°up	 J	 d, di	 Fbb2 I 

TDPF=0x 10'.6 

Ix - ly -12D x lO 
mb2

C) 
0 

U 

Stick left	 Elevator	 I	 Stick right	 H 
•0 

0 

C.) 

U) 

I 34j 9U I l21 I 0.LI.8I	 Elevator 130 k 112810.511 

I	 200downI	 I 
8Oscillatory in pitch; range or average values 	 Model values converted bGogiven. 

as into a slightly turning glide,	 to corresponding 
CWandering spin. full-scale values. d dder reversed to only 2DO ( of its full	

u inner wing up 
deflection) aainst the spi. Goes Into a	 D inner wing down eGoY turning glide. 

an inverted glide.

lIIj 
0 4) 

I
V

I (deg) (deg) (fps) (rps) 
Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 300 with 
to 30° against, to 0°,



NACA I	 I 

a
I

qb v
I (deg) (deg) (fps (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 5° with Rudder 15° with 
to 150	 against, to 00.

NACA TN 2352 

CHART 61.7SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 61 LISTED IN TABLE 

[Rudder initially set 150 with the spin, control movement for recovery as indicated] 
Against	 Aileron setting	 With 

I	 I	 I	 I 

	

200	 7°	 a,b 0
0
	

70	 a 200 

I	 I	 Elevator	 [111791	 I	 I	 I	 I	 I 169 

I]	 30°up	 >.2 J	 I	 c>i 

•	 b	 a,b;e 
119 1 201 

Elevator I22I 1Di79 Io.o	 ls9jlkDl 
20°up	 d2	 'i 

TDPF	 o x 10-6 

lxlO 
mb2

I.) 0 
.0 

0 

(1) 

I	 I	 I	 Stick 

C' 

0 

C) 

Stick left	 Elevator

g	 •	 I 

30 11U 132 0 . 52	 Elevator	 I 139k59 

20°downl3i.. ii 

a ippjng spin.	 -	 Model values converted bWandering spin.	 t CRecovery attempted before model reached final 	 0 corresponding 
steep attitude. 2	 full-scale values. 

Rudder reversed to only 10 	 of its full	 u inner wing up 
deflection) against the spin. 	 D inner wing down eoscillatory in pitch, roll, and yaw; range or 
average values given. 

Goes into a slightly turning glide. 
S1ig)it1y oscillatory in roll and yaw; average 

values given. 
Goes into a left spin after recovery from right spin. 

'Slightly oscillatory in pitch; range or average values 
given. 

i es into an inverted glide.



0 
0 

0 

a 
(deg) (deg)

v 
(fps)	 I (rps) 

Turns for recovery: Turns for recovery: 
Rudder 30°with Rudder 30 0 with 
to 30° against. to 0°
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CHART 62-SPIN AND RECOVERY CHARACTER'STICS OF MODEL FOR TEST CONDITION 62 LISTED IN TABLE 

[Rudder initially set 300 with the spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

200	 70	 a	 0°	 b	 7°	 a.b 200 

I	 I	 I	 Elevator	 I	 I ' 9I	 I	 J].6I I	 jlik I 
30°up	 , i 	 ' 2 

Elevator	 22 1 22 1 159I0.2 
20°up 

TDPF 100 x 107  

I\

mb 

I I	 Stick left	 Elevator FT-I-El	 Stick 

•0 

I.-

C., 

U)-

d 
1221	 I	 I	 I 

13319U 11281 0.9I
-

Elevator	 26 1 55113910.511 I	 I 20°down	 ,	 I 
Wandering spin. Model values converted 
wppg spin. 
Rudder reversed to only Z° (	 of its full to corresponding 

full-scale values. deflection) against the spin. dOscillatory in pitch	 roll. and yaw; range or	 U	 inner wing up 
average values given. D	 inner wing down

in 



a qb v 
(deg) (deg) (fps) (rps) 

Turns for recovery: Turns for recovery: 
Rudder	 150 with Rudder	 15° with 
to	 15° against, to 00.
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CHART 63-SPIN AND ,RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 63 LISTED IN TABLE III 

[Rudder initially set 15 ° with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 

'	 I	 1 

200	 7°	 a	 00	 70	 a,b 200 

Elevator	 1 1 117  

EJVotor I 
20°up [j I 

TDP	 100 x jQG

I 
Stick left	 E
	

11791 0 . 651	 Stick c 
1	

NO I SPIN 

a 

.2 

C, 

ZE 

e,f 

I	 I	 1 1 30 10. 52 I h	 $ 
1171	 2UI	 I 

Elevator I	 al 17U1 1591 
0.61 I	 1	

1I 1!'*	 I	 . 20°downt' 1	 I 
Ir*I 

8wandering spin. 
bwhipping spin, Model values converted 
QWide raatus spin. a dder reversed to only Z° (of its

to corresponding 
full	 full-scale values. 3 

deflection) against the spin. e0scillatory in roll and yaw. 
no spin" condition also obtained.

U	 inner wing up 
0	 inner wing down 

Goes inverted and then goes into a left 
spin after recovery frs a right spin.

erect 

°Osclllatory in pitch, roll, and yaw; 
average values given

range or 
'Goes into an inverted &ivb.



I Elevator. 
200up 

T'F

mb

Stick left 

0 
C 

-Q 

0 

U) 

29 120 I13	 Stick right 

C 

0 
U) 

H111
NO  SPIN I 

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

b 
I 2 i6ul 
L66 1oL 94 0. 1 0	 Elevator 

20°down 
5-Wlde radius spin. boscillatoi.y in pitch; range or average values 

given. Cwandering spin. 
A "no spin" condition also obtained. eGoes into an inverted glide. 
Goes into an inverted spin after recovery from 

erect spin.

132 J 1V 12o.46-

{'I 
a . 

.	 (deg) I (deg)
V 

(fps) I	 (rps) 
JTurns for recovery: Turns for recovery: 
I Rudder 30°with Rudder 30° with 
to 300 against, to 00.

100
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CHART 64.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 64 LISTED IN TABLE 1ff 

[Rudder initially set 30°wifh the Sfl; Control movement for recovery as indicated] 
Against	 Aileron setting	 With 

a 20°	 bc 0°	 7°	 20° 
I1 139 1	 I	 -	 Elevator	 o 9 D J 12D.19	 _ 	

12DIh16 0.22 
 30°up 

	 1 j, _ 417 1
 



TDPF - 50 x
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101 

CHART 65.-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 66 LISTED IN TABLE IN 

[Rudder initially set 30°with the spin , control movement for reci 
Against	 Aileron setting	 With 

I	 I	 I 

	

a 200	 00	 b	 70 

	

40 119 I	 Elevator	 I 6l7D 111310.25	 14

C
5 J 9D111310.26 

I	 30°up	 [.	 I	
4cj

very as indicated] 

d 20° 

146 	 1131 0.2 

b,d 

11.360 116 1 0.31 Elevator 
20°up 

mb2

b 

L. I	 Stick left
	

Stick 
1 

'5	 b 

11	 I 9 l 	 I	

Elevator	

I 
II	 20°down hi hil	 I 

5Wide radius spin with a Whip. 
bcscillatory in pitch; range or average , values	 Model values converted 

to corresponding given Cad	 . 
er reversed to only a° ( of its full	 full-scale values. 

deflection) against the epi.	 U inner wing up dgaaderip.g spin. 
eOscillato in pitch, roll, and yaw; range of	 0 inner wing down 

values given. 
Goes into a left spin after recovery from right spin. 

no spine condition also obtained. 
Goes into an inverted glide. 

1 Goes into an inverted spin after recovery from erect 
spin.

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

[Rudder initially set 15* with the spin; control moveliienf for recovery as indicated] 
Against	 Aileron setting	 With

I	 I 
200	 a	 00	 c,d 70	 d,f 200 

I	 I	 3670 
J	 Elevator	 j175	 35 lID 123 O.2 I 	 50 iSP 123 0.23 
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8Wide radius spin. 	 Model values converted 
bRecovery attempted before model reached final	 to corresponding 
steep attituoe.  

CA steeper type sp in also obtained,	 full-scale values. 
doscillatory in pitch; range or average values 	 U inher wing up given. e ader reversed to only 100	 of its full	 D inner wing down 

uaiseu.1vu) aUiUfl ale Opus.	 -- - - 
Wandering soin. 

SWhtpping spin.

a	 •	 v	 a 
(deg)	 (deg)___ (fps) I	 (rps) 

Turns for recovery: Turns for recovery: 
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to	 15° against, to 00.
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deflection) against the dpin. D	 inner wing down 
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Visual estimate. 
Goes into an inverted glide. 

°Goes into an inverted spin after recovery from 
erect spin.	 -
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Chart 67:-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 68 AND 75 LISTED IN TABLEIII 
Rudder initIIy set 30o with the spin;control movement for recovery as indicated; unless otherwise 

indicated, the data presented are for the round-tipped wing) 
Against	 Aileron setting	 With 
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U inner Wing up 
D inner wing down 

10
	

NACA TN 2352 

CHART 68-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITIONS 69AND 76 IN TABLE ill 
Rudder initially set 15°with the SIfl; control movement for recovery as indicated; unless otherwise 

indicated, data presented are for the round-tipped wing] 
Against	 Aileron setting	 With 
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CHART La-SPIN AND RECOVERY CHARACTERISTICS OF MODEL FOR TEST CONDITION 74 LISTED IN TABLE 

[Rudder initially set 30°with the Spin; control movement for recovery as indicated] 
Against	 Aileron setting	 With 
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-	 S,.) If'c/unce	 hinge line 

Figure 1.- Three-view drawing of model with tail la, installed. Center-of-




gravity position, 25 percent F.
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•	 Figure 2.- Comparison of the wing plan forms tested on the model.
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/87 

Figure 3.- The 1-series tails (normal tail) tested on the model.
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Figure 3.- Concluded.
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Figure 4. L. The 2-series tails (large vertical tail). tested on the model.
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v°cirf/c//el9gffl rudder 
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I	 NACA I 	
322

'I 

Figure 5.- The 3-series tails (partial-length rudder) tested on the model. 	 /
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Rudder hinge line 

Tail 4d

Figure 6.- The 4-series tails '(large horizontal tail) tested on the model.
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2" 

Figure 7.- The 5-series tails (partial-length rudder and horizontal tail 

moved rearward) tested on the model.
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(a) Tapered wing; large horizontal tail.
L- 54749 

(b) Rectangular wing; normal horizontal tail. 

Figure 8.- Photograph of the wing and horizontal-tail plan forms tested on 
the model.
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(a) Normal tail. 

(b) Large vertical tail. 

(c) Partial-length rudder.
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L-6t9).1.O 
(d) Partial-length rudder; horizontal tail moved rearward. 

Figure 9.- Photograph of the various vertical tails tested on the model.
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Figure 10.- Photograph of the model spinning in the Langley 20-foot 
free-spinning tunnel.



Page intentional ly left..blank 

Page intentionally left blank



NACA TN 2352
	

121	 - 

22C-----

20( - - -- - - - - -


180------ - -


- ---- - - --

40
---

120- --\ ---- -- - - 
-

N 
loG- -- -- - 

80---

--
- - 

60	 - 
0	 10	 20	 30	 40	 50	 60	 70	 80 

Angle of attack,a, deg 

Figure 11.- 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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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 E.	 - 
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Figure 14- 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 E.
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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 forvariou.s rudder floating positions. Loading it; 
center of gravity at 40 percent E.
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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. Loading 21; 
center of gravity at 40 percent E.



- 

-
II 

Center of gravity 
13 40% 

_O2°/ 

- >22_
Unsatisfactory region -

MIIIIURIR 

0 Unsa tor, 

MMMMMNMEM 
region 

====EMN 
MEMMEME 

a.' 
> 
0 
U 
a) 

0 
.4-

U) 
C

MMMMMMOMM 
MMMMMMMMM 
BEEMN

141,4181 

ME 
EHEMMMEU 
MENNEN

130
	

NACA TN 2352 

0	 200	 400 
TDPF 

(a) I-series tails;	 =0. 
mb2

600x()-°	 0	 200	 400	 600xjO 
TDPF

Ix_ly (b) I- series tails; mb2	 20x icr4. 

>. 

a) 
> 
0 

WD

MENOMONEE 

EMEMEEMEM 
MENOMONEE

M usuuuus 
urn-..... 

u•uuuuusu 
0	 200	 400 

TDPF 
(C) 2-series tails; X'Y0. 

mb2

600xIQT	 0	 200	 400	 600xJQ6 
TDPF1 —1 

(d)3-series toils; X 
mb 2	 - 

0	 200	 400	 600xl0 
TDPF 

I'	 .	 .	 Ix_ly (04-series tails;  
mb 2 

Figure 11.- Effect of tail-damping power factoi on turns required for 
recovery by simultaneous rudder and. elevator neutralization. (See 
table V.)
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