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By Ralph W. Stone, Jr. and Burton E. Hultz

SUMMARY

A compilation is presented of free-spinning model results of
investigations of the spin and recovery characteristics of 12 flying-
wing and unconventional-type designs. The results were obtained from
dynamic tests in the Langley 15-foot free-spinning tunnel and in the
Langley 20-foot free-spinning tunnel which replaced it. Dimensional
data, mass data, and three-view drawings of the free-spinning models
which correspond to each of the 12 airplane designs are presented. The
model test results presented include the spin and recovery characteristics
of each model for various combinations of control deflections and for
various loadings and dimensional configurations.

The results of the spin-tunnel investigations indicated that the
effects of control setting and control movement on the spin and spin-
recovery characteristics of the flying-wing and unconventional-type
models were affected by changes in mass distribution in the same manner
as for models of conventional configurations. For mass distributed
chiefly along the fuselage, alleron-with and elevator-up settings were
conducive of the best recovery; whereas elevator-down and aileron-against
settings were conducive of the slowest recovery; for mass distributed
chiefly along the wings, the converse was true. The influence of mass
distribution on the effect of directional controls was dependent not
only on the yawing moment produced but also on the accompanying rolling
moment if the rolling moment was appreciable. Recovery techniques
required were similar to those of conventional configurations except
where unconventional-type control surfaces set up unusual moments when
moved for recovery. The models generally recovered from inverted spins
as readily as from erect spins and it was indicated that wing-tip
parachutes are an effective means of terminating spins in an emergency.
Although the results were not sufficiently extensive for evaluation in
the form of a design criterion for satisfactory recovery, the data
presented should help designers of flying-wing and unconventional-type
airplanes anticipate probable spin and recovery characteristics.
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INTRODUCTION

The results of investigations of the spin and recovery characteristics
of numerous models tested in the Langley 15-foot free-spinning tunnel and
the Langley 20-foot free-spinning tunnel during the years 1935 to 1946
have been used to establish empirical criterions for satisfactory spin
recovery (references 1 and 2) which are generally applicable to airplanes
having mass distributions typical of this time period and which are
considered of conventional design (that is, having both horizontal and
vertical surfaces at the tail end of the airplane). The results of
several designs which may be generally termed unconventional or flying-
wing-type configurations were also available and, because of increased
interest in unconventional high-speed airplane configurations, it appeared
desirable to evaluate these available results to determine criterions
for satisfactory spin recovery similar to those evolved for conventional
airplanes. Because the flying-wing and unconventional-type designs often
utilized unusual and different methods of obtaining directional control,
it was not possible to evaluate their spin-recovery characteristics in
terms of a vertical-tail design parameter (tail-damping power factor)
in the manner used for conventional designs (reference 1). Also, because
of rather limited data available for these configurations, an alternate
effective parameter could not be developed at this time. Results
available for 12 designs of unconventional and flying-wing-type config-
urations have been summarized, however, and the more important spin and
recovery characteristics are presented in this paper.

The effects of mass distribution and center-of-gravity location
were determined for many of the models as were the effects of geometric
modifications designed in an attempt to improve the spin-recovery
characteristics. The investigations included the determination of the
effectiveness for spin recovery of several types of controls which are
peculiar to flying-wing and unconventional-type alrplanes.

The spin and recovery characteristics of each model are presented
for the various control configurations, mass distributions, and
dimensional configurations tested. Dimensional data, mass data, and a
three-view drawing of each of the various free-spinning models are
included. The data presented are intended to help designers of uncon-
ventional and flying-wing-type airplanes anticipate probable spin and
recovery characteristics.

SYMBOLS
b wing span, feet

S wing area, square feet
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x/&

Zyic

mean aerodynamic chord, inches
wing local chord, inches

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to mean
aerodynamic chord; positive when center-of-gravity
position is rearward of leading edge of ¢C

ratio of distance between center of gravity and thrust
line or fuselage reference line to length of mean
aerodynamic chord; positive when center of gravity
is below thrust line

mass of airplane, slugs

air density, slug per cubic foot

airplane relative density (m/pSb)

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

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia pitching-moment parameter

angle between thrust line or fuselage reference line
and vertical, degrees, approximately equal to absolute
value of angle of attack at plane of symmetry

angle between span axis and horizontal, degrees; on the
charts U or D means inboard wing (right wing in a
right spin) up or down, respectively, with relation
to the horizontal

full-scale true rate of descent, feet per second

full-scale angular velocity about spin axis, revolutions
per second
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6r deflection of rudder, degrees

Be deflection of elevator, degrees

Bg deflection of allerons, degrees

U elevator up

N elevator neutral

D elevator down

AC, rolling-moment coefficient due to control deflection
(Rolling moment/ %pvebs)

ACp yawing-moment coefficient due to control deflection

<Ya.wing moment /%pV2b8>

MODELS

The dimensional and mass characteristics of the airplanes simulated
by the models are presented in tables I and II, respectively. Three-view
drawings of the models are presented in figure 1. The models were con-
structed as described in reference 3. Briefly, each model was constructed
primarily of balsa to be dimensionally similar and was ballasted with
lead weights to be dynamically similar to the particular airplane it
represented at a given test altitude. A remote-control mechanism was
installed in the model to actuate the controls for recovery tests.
Sufficient moments were exerted on the control surfaces during recovery
tests to move the controls rapidly to the desired positions without
regard to the actual forces required to move the controls of the airplane.
Parachutes used for spin-recovery parachute tests were of the flat circular
type, made of silk, and had drag coefficients of approximately 0.7 based
on the surface area of the canopy when spread out flat.

The lateral and longitudinal controls for some of the models presented
herein are combined in one pair of control surfaces designated as elevons.
Longitudinal control is obtained by deflection of the elevons together and
lateral control is obtained by differential deflection of the elevons.

In this paper, elevon deflections for longitudinal and lateral control
will be referred to, generally, as elevator and aileron deflections,
respectively.
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Wind Tunnel and Testing Techniques

The model tests were performed in the Langley 15-foot free-spinning
tunnel and in the Langley 20-foot free-spinning tunnel which replaced it.
The operation of the Langley 15-foot free-spinning tunnel is described
in reference 3 and operation of the Langley 20-foot free-spinning tunnel
is generally similar. In brief, models are launched with rotation into
the vertically rising air stream of the tunnel and the airspeed is varied
by the operator until it equals the rate of descent of the model. The
model is thus maintained at approximately eye level in the test section.
With the model spinning freely, observations of its general behavior are
made, and motion-picture records are obtained. Figure 2 shows a typical
model spinning in the Langley 20-foot free-spinning tunnel. After
observation of the fully developed spin, recoveries are attempted. The
turns for recovery are measured from the time the controls are moved to
the time the spin rotation ceases.

Spin tests generally are made 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
at various other aileron-elevator combinations including neutral and
maximum deflections. The control deflections used were measured
perpendicular to the hinge lines. Recoveries are generally attempted
by rapid full rudder reversal, although for the investigations presented
herein, some recoveries were attempted by other control manipulations
which are specifically noted on the charts. For spins which had rates of
descent in excess of that which could be readily attained in the tunnel,
the rate of descent was recorded as greater than the velocity at the time
the model hit the safety net, as >300. For recovery attempts in which
the model struck the safety net before recovery could be effected, because
of the wandering or oscillatory nature of the spin 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 indicates that the model required more turns to
recover from the spin than shown, as, for example, >3. A >3-turn recovery,
however, does not necessarily indicate an improvement over a >T-turn
recovery. The symbol o~ is used on the charts to indicate that recovery
required more than 10 turns. For a condition in which the model recovered
without movement of the controls after having been launched in a spinning
attitude with the controls set for a spin, the result is recorded on the
charts as "no spin."

The recovery characteristics of a model have been considered satis-
factory if recovery from the spin at the normal spinning control configura-
tion (rudder full with, elevator full up, and ailerons neutral) requires
2 turns or less and if small deviations from this control configuration do
not cause recovery to exceed 2ﬁ_turns. Small deviations are considered to

be those which allow for a variation in the deflection of any given control
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setting by as much as one-third from its intended position. This c¢rite- *
rion for satisfactory spin recovery has been adopted on the basis of full-
scale-airplane spin-recovery data and corresponding model test results
(reference 4). The full-scale results available in reference 4 were
generally for conventional-type airplanes with horizontal tails, but
unless actual full-scale spins of unconventional or flying-wing type
airplanes subsequently prove otherwise, it is felt that the criterion for
satisfactory recovery specified may be generally applicable to all types
of airplane designs. Unpublished observation of airplane motions for

some of the unconventional and flying-wing-type configurations presented
herein have indicated that the model results give qualitative agreement,
at least, with the motions obtained on the airplanes.

The spin-recovery parachute tests were performed in the manner
described in reference 5. In brief, recoveries were generally attempted
by parachute action alone, the rudder being maintained with the spin.
The parachutes were opened by use of a remote-control mechanism.

PRECISION

The results of the free-spinning-tunnel tests presented are believed
to be the true values given by the model within the following limits:

G GEE 4 o b e e e e e e G e e e e e e e e =1
R Y =l
V, Percent « « o o « o o o o o s o o @ s e e 4 e s s oa s e e e o oo s =5
R, Percent . . o . . . . e e e e e e e e e e e s e e e e e e e e e 2 N
Turns for recovery:
From motion-picture Tecords . « ¢ « o ¢ o ¢« o o . .. e e .. fﬁ .
From visual estimate « . o & o o o © o « o o © ¢ @ 8 @ 5w G oe e s i%

All recoveries presented herein were obtained from motion-picture
records expect where otherwise specifically noted on the charts.

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. Comparison between model and airplane spin results (reference k)
indicates that spin-tunnel results are not always in complete agreement
with airplane results. In general, when the model spun at an angle of
attack less than 45° the corresponding airplane spun at a larger angle
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of attack, and when the model spun at an angle of attack greater than

h5°, the corresponding airplane spun at a smaller angle of attack.
Generally, the spin at the lower angle of attack (either model or airplane)
was associated with the higher rate of descent. The airplane generally
spun with its inner wing down more than the inner wing of the corresponding
model. The comparison made in reféerence 4 for 60 different designs
indicated that approximately 90 percent of the models satisfactorily
predicted full-scale recovery characteristics and that the remaining 10 per-
cent of the models were of some value in predicting details of the
full-scale results such as proper recovery technique, aileron effects, and
the motion in the developed spin. The designs compared in reference 4
were, in general, for conventional airplanes.

The accuracy of measuring the weight and mass distribution of the

models is believed to be within the following limits:

ekt g S persce N S CEN I o e e b4
Center-of-gravity location, percent c . . . . . . . . . . . . . .. s
Moments of inertia, percent . . . + « « « 4 4 ¢ 4 e e 4 e 0w ... 35
The controls were set with an accuracy of =

TEST CONDITIONS

The variations of the mass-distribution parameters for the various
loadings investigated for each model are presented in figure 3. Figure 4
shows the variations of the control-surface deflections with stick
positions for the models which combined the longitudinal and lateral
controls in one control surface. The dimensional modifications tested
during the investigations summarized in this paper are presented in figure 5.
Figure 6 shows the original rudders tested on models 1 to 4, these rudders
are of the drag type and are mounted at the wing tips. The control
configurations tested on each specific model for each model configuration
are indicated in charts 1 to 14 with the results.

RESULTS AND DISCUSSION

The erect spin and recovery data for the 12 models summarized herein
are presented in charts 1 to 12. Inverted spin data and spin-recovery
parachute data available for some of the 12 models are presented in
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charts 13 and 14, respectively. The results of tests with dimensional b
modifications on the various models are listed with their indicated

effectiveness in table III and in general are presented in the corre-

sponding charts 1 to 12.

Erect Spins

The spin and recovery characteristics of models 1 to 5 (charts 1
to 6) were found to be in general agreement with references 1 and 6 as
regards the influence of the mass distribution on the effectiveness of
the controls during the spin and the recovery. When the mass of the
models was distributed primarily along the wings, for example, aileron
settings against the spin (stick left in a right spin) and down-
elevator settings (stick forward) were generally favorable. For these
control settings, steeper spins with more rapid recoveries were generally
obtained than were obtained for other control settings. These control
settings were also conducive of no-spin conditions. For this mass
distribution, reversal of rudders which primarily gave a yawing moment
only were ineffective; whereas movement of the elevator down appeared
to be the most effective method of obtaining recovery. Such control
movement for recovery is consistent with that indicated for conventional
airplanes for similar loadings. When the mass of the models was distri-
buted primarily along the fuselage, aileron-with settings and elevator-
up settings were generally most effective in causing steep spins from
which recovery was most easily obtained. For this mass distribution,
movement of the rudder against the spin, when the rudder primarily gave
a yawing moment only, generally appeared to be the most effective method
of obtaining recovery. These results of control effectiveness are also
consistent with those indicated for conventional airplanes for similar
loadings (references 1 and 6).

Some exceptions to the general effects of control settings and
movements on the spin and recovery were obtained, however. When, for
example, model 6 had its loading distributed mainly along the wings
(chart 6) full-down elevator and full ailerons against the spin sometimes
caused a relatively flat spin from which recovery was unsatisfactory.

For this model and other similar models, combination of the longitudinal
and lateral controls in a single surface caused unusually large deflections
of the surfaces when both full elevator and aileron controls were applied.
When the elevator was full down and the ailerons were full against the
spin, the inboard control surface (that on the right wing in a right spin)
had a large downward deflection; whereas the outboard control surface

was nearly neutral. It is believed that this large downward deflection

of the inboard control caused unusually large pro-spin yawing moments

which overcame the possible favorable effect of the rolling moment due

to the aileron-against setting. For loadings for which the mass was
distributed primarily along the fuselage, control settings of the elevator =
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full up and the ailerons full with the spin tended to be similarly
detrimental.

Models 1 to 4 (charts 1 to 4) had rudders which did not primarily
provide yawing moments only but also provided appreciable rolling moments.
The rudders for models 1 to 4 are shown in figure 6. Typical of these
rudders are those of models 2 and 3, similar models with different
rudders. The rudder of model 2 is a spoiler-like surface which on the
airplane protruded downward and forward through the lower surface of
the wing; a pitch flap moved upward in conjunction with downward move-
ment of the spoiler surface. On model 3 two split flap-like surfaces,
one on the upper surface and one on the lower surface of the wing, were
both deflected for rudder movement. For both models, the rudders on
the right wing functioned and those on the left wing remained neutral
for a right turn. These rudders may generally be termed scoop-type
and split-type rudders, respectively.

A comparison of the aerodynamic yawing- and rolling-moment character-
istics of the two general types of rudders (measured on the free-flight-
tunnel balance, described in reference 7) is shown in figure 7. The
results indicate that, for angles of attack above 3&0, setting the rudder
against the spin (left rudder pedal forward in a right spin) for the
scoop-type rudder produced a rolling-moment increment in the same direc-
tion as would be obtained by setting the ailerons against the spin
(left stick in a right spin); whereas for the split-type rudder, a
rolling-moment increment in the same direction as would be obtained by
setting the ailerons with the spin was produced. The yawing moments
contributed by both types of rudders were approximately the same. The
results are consistent with those indicated in reference 6 for conven-
tional designs with loadings with the mass distributed primarily along
the wings in that rolling moments caused by aileron-against settings
were favorable and rolling moments caused by aileron-with settings were
unfavorable to spin recovery. Thus for wing-heavy loadings, the scoop-
type rudders when moved against the spin gave favorable rolling moments
for spin recovery and the split-type rudders when moved against the spin
produced unfavorable rolling moments. Conversely, it was indicated that
maintaining the split-type rudders with the spin was favorable for spin
recovery; whereas maintaining the scoop-type rudders with the spin was
unfavorable. As is further indicated in reference 6, for loadings in
which the mass is distributed primarily along the fuselage, aileron-with
settings are favorable. It appears probable that, for designs with the
loading primarily along the fuselage, scoop-type rudders when set against
the spin would have produced unfavorable rolling moments for spin recovery;
whereas split-type rudders would have produced favorable rolling moments.

Models 5 and 6 had rudder control surfaces that primarily provided
a yawing moment only. Model 5 had dual rudders and model 6 was tested
both with single and dual rudders. For models 5 and 6 (charts 5 and 6),




10 NACA RM L50L29

when the mass distribution was primarily along the fuselage, rudder
reversal was generally effective in producing recovery; whereas for
model 6, rudder reversal was ineffective in producing recovery when the
mass distribution was primarily along the wings. These results are in
accord with the results of reference 1 for conventional airplane designs.
Thus rudders which primarily provided yawing moment only appear to be
similarly effective in producing recovery for airplanes of the flying-
wing type as for airplanes of conventional designs, depending primarily
on mass distribution. It has been noted for one model (model 6) that
single or dual vertical tails appeared equally as effective provided they
had equivalent vertical-tail volume (reference 8).

Model 7 had a delta-wing plan form and a loading for which the weight
was very heavily distributed along the fuselage. The results of an
extensive investigation on model 7 (reference 9) indicate that spins may
not be obtained for values of the inertia yawing-moment param-

eter <iX - Iy/ﬁb?) between approximately -450 X lO’h to =750 X lO'h and that

flat spins will generally be obtained for larger or smaller values of the
inertia yawing-moment parameter. Reversal of the rudder was generally
ineffective in stopping the spin rotation except when sufficiently large
dual vertical tails and rudders were used (reference 9). These large
vertical tails are shown in figure 5 and the results are noted in table III.
Movement of the ailerons with the spin, however, was generally effec-
tive for terminating the spin rotation. This effect is in agreement
with the results obtained during an extensive investigation on a swept-
wing model having a horizontal tail. This model was tested at fuselage
heavy mass distributions (reference 10) beyond the mass range of refer-
ences 1 and 6. For all loading conditions tested on model 7 after spin
rotation had ceased, the model tended to glide at a flat attitude (very
high angle of attack) decreasing its angle of attack relatively slowly
except when the elevator was full down.

Model 8 had a sweptforward wing and generally tended to spin flat
with a wide radius, very slow rotation, and large oscillations in roll,
pitch, and yaw (chart 8). Rudder reversal generally stopped the rotation
but the model tended to glide at very large angles of attack above the
stall and the oscillations continued after the rotation ceased. When the
elevator was reversed to full down following rudder reversal, however,
the model tended to dive after the spin rotation ceased. Unpublished
full-scale results on this design indicated that accurately timed move-
ment of the stick forward during the oscillations was required to regain
unstalled flight. The results of an extensive investigation of modifica-
tions to this design and a brief comparison with flying-wing types with
sweptback wings indicate that major modifications would be needed to
improve the characteristics of this design and that in this instance the
sweptforward wing appeared to cause the unsatisfactory trim character-
igtics. Installation of a large horizontal tail and increased
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vertical-tail length made the model's trim and spin characteristics
satisfactory. The results with the horizontal tail installed are noted
in table III and the modification is shown in figure 5.

Models 9 and 10 were similar designs having approximately circular
plan form, dual vertical tails mounted on the upper surface of the wing,
and horizontal surfaces with control surfaces extending from the nearly
circular plan form for longitudinal and lateral control. The spin and
recovery characteristics of model 9 (chart 9) were not appreciably
affected by changes in mass distribution for the range of values of

inertia yawing-moment parameter tested IX - IY/gnb2 from -208 X lO')+ to

D90 lO'u . Increasing the relative density for model 9, however, had
an adverse ‘effect upon spin recovery. The results for the largest
relative density for model 9 and the results for model 10 (chart 10)

which were for a similarly large relative density, indicated poor recovery
characteristics. ©Satisfactory spin recoveries were obtained for model 9
by a special technique for which the leading edges of the horizontal
surfaces were moved down and the stick was held back and moved against

the spin (left in a right spin) while the rudder was reversed. Satis-
factory recoveries were obtained on model 10 only with the installation of
modifications and following a recovery technique in which the stick was
held full back and moved against the spin while the rudder was reversed,

a technique similar to that used for model 9. The satisfactory modi-
fications used for model 10 were a supplementary vertical tail (supple-
mentary tail 2, fig. 5(g)) behind the trailing edge, a large semispan
spoiler (spoiler no. 4, fig. 5(g)) beneath the outer wing in a spin

(left wing in a right spin), or two large vertical fins (vertical fin 7,
fig. 5(g)) mounted on the horizontal control surfaces.

Models 11 and 12 were tail-first or canard-type designs. The spin-
ning characteristics of these models (charts 11 and 12) were not affected
by small variations in mass distribution or by small movements of the
center of gravity. After recovery from the spin, model 11 trimmed at
a high angle of attack (approx. 80°) even when the elevator was set to
simulate a stick position of full forward. Modifications which caused
model 11 to trim in a normal flight attitude after the spinning rotation
had been stopped were the addition of large fillets or drooping enlarged
ailerons 22°. Prior to spin tests, model 12 was designed so that it
would not trim at high angles of attack by installing a large elevator with
increased deflections over those of model 11, and by installing large wing-
tip trimmers. The configuration for model 12 with these changes is shown
in figure 1(1). Satisfactory spin recoveries in which the model recovered
in a dive were obtained for model 12 by application of full rudder
reversal when the elevator was set to simulate a stick position of full
forward.
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Inverted Spins

Inverted spin and recovery characteristics were available for 10 of
the 12 models presented herein. These results are presented in chart 13.
A Dbrief analysis of the results based on reference 11, a summary of
inverted spin results, is presented.

When the ailerons were set with the spin, for the fully developed
inverted spins presented, the ailerons were set to simulate a stick
position to the pilot's left when spinning to the pilot's right with the
rudder to the pilot's right (controls crossed). When the ailerons were
set against the inverted spin, the controls were together. Elevator-up
simulated stick forward and elevator-down simulated stick back. In
chart 13, the angle of wing tilt is given as up or down relative to the
ground.

Model 1 would spin inverted only when the ailerons were neutral or
with the spin. Recoveries from these spins were generally unsatisfactory.
The inverted spin results were generally similar to those for erect spins.
This is probably an indication that exposed area which tended to damp
the rotation was approximately the same for both erect and inverted
spins.

Model 2 would spin inverted only when the ailerons were with the
spin with the stick neutral or forward longitudinally. The inverted
spin characteristics were considered somewhat improved over the erect
spin characteristics in that spins were obtained for fewer control
settings (that is, more no-spin conditions were obtained).

Model 4 would generally not spin inverted when the rudders were set
with the spin (right rudder pedal forward in an inverted spin to the
pilot's right); whereas it did spin erect. Model 4, however, would spin
inverted, when the rudders were set against the spin (data not presented).

Model 5 would spin inverted for most control configurations; recovery
by rudder reversal was, however, satisfactory. These results are somewhat
better than those obtained erect, probably because more vertical fin and
rudder area were unshielded in the inverted spin than in the erect spin.

Model 6 would spin inverted only with ailerons and rudder with the
spin. Satisfactory recoveries were obtained by neutralizing all of the
controls.

Model 7 would spin inverted for a loading condition for which it would
not spin erect. The model spun inverted, however, only when the ailerons
were against the spin and the stick was neutral or forward longitudinally.
The rudder of this model was above the wing and shielded in erect spins,
whereas it was relatively unshielded in inverted spins. Thus for this




NACA RM L50L29 13

design it appears that in an erect attitude the rudder which was shielded
did not supply sufficient pro-spin yawing moment to cause the model to
rotate; whereas in an inverted attitude the pro-spin yawing moment of

the unshielded rudder was apparently sufficient to cause the model to
spin. Satisfactory recovery by rapid rudder reversal was obtained and

it appears that, on a corresponding airplane, neutralization of the stick
laterally and longitudinally also would be desirable.

Model 8 would generally not spin inverted but tended to become erect
and, as in the case of erect spins, tended to remain at a flat erect
attitude. The vertical fin and rudder of this design, which had a
relatively large aspect ratio and was mounted well above the fuselage
center line, was unshielded in the inverted attitudes and may have
contributed a rolling moment which caused the model to roll erect following
launching into the tunnel inverted.

Model 10 had inverted spins which were similar to the erect spins,
recoveries from which were unsatisfactory.

Models 11 and 12 would spin inverted generally when the ailerons were
neutral or with the spin. Reversal of the rudder caused the spinning
rotation to stop quickly for both models. Model 11 remained in an
inverted stalled attitude after the rotation had ceased, for all elevator
settings. Model 12, however, dived into a normal flight attitude when
the elevator was set to cause a nose-down pitching moment from the inverted
attitude. These results are similar to those for erect spins.

The results of the inverted spin tests of the various models are
in general accord with inverted spin and recovery results for conventional
designs as indicated in reference 11, in that rearward movement of the
stick, and aileron-against settings generally tended to be beneficial.

Spin-Recovery Parachutes

The results of investigations made to determine the effect of spin-
recovery parachutes were available for six of the models. The results
(chart 14) indicate that, in general, parachutes attached to the outer
wing tip in a spin (left wing in a right spin) will generally cause
satisfactory spin recovery by parachute action alone for emergency
purposes. The primary disadvantage of wing-tip spin-recovery parachutes
is the danger of opening the parachute on the inboard wing tip (right tip
in a right spin) rather than the outboard wing tip. Under such circum-
stances, the spin may be flattened and recovery made impossible. The
results of tests for conventional designs (reference 12) and for one model
reported herein indicated that use of parachutes on both wing tips when
opened simultaneously required parachutes of approximately twice the
diameter of a single wing-tip parachute used only on the outer wing tip.
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Opening two parachutes simultaneously has the advantage of eliminating
the danger of opening the wrong wing-tip parachute. The experimental
results indicated that a towline length equal to approximately the
semispan of the wing should be used.

Model 8 was tested only with a parachute attached to the tail cone
for which satisfactory recoveries were obtained. On model 10 a single
wing-tip parachute, required for satisfactory recovery, was excessively
large but satisfactory recoveries were obtained by simultaneously
opening moderate sized tail and wing-tip parachutes. The tail parachute
was mounted on the arresting gear mast shown in figure 8.

Reference 12 presents a method whereby the size wing-tip parachute
required for satisfactory spin recovery may be calculated. As is indicated
in reference 12, calculations by this method correlate satisfactorily with
experimental data for flying-wing-type configurations.

CONCLUSIONS

Based on the spin and recovery characteristics of models of 12
flying-wing and unconventional-type designs investigated in the Langley
15-foot free-spinning tunnel and the Langley 20-foot free-spinning
tunrel, the following conclusions are made.

1. The effect of aileron and elevator control settings on spin and
recovery characteristics was generally dependent upon mass distribution
in the same manner as for conventional configurations: that is, for mass
distributed chiefly along the fuselage, aileron-with and elevator-up
settings were conducive of the best recovery, whereas elevator-down and
aileron-against settings were conducive of the slowest recovery; for mass
distributed chiefly along the wings, the converse was true. The influence
of mass distribution on the effect of directional controls was dependent
not only on the yawing moment produced but also on the accompanying
rolling moment if the rolling moment was appreciable.

2. Recovery from inverted spins generally was obtained as readily as
from erect spins. It appears that the most rapid recoveries from inverted
spins would have been obtained by movement of the stick back longitudinally
and against the spin laterally and of the rudder against the spin.

3. A single wing-tip parachute on the outer wing tip in a spin
generally was an effective spin-recovery device for emergency recovery
of unconventional and flying-wing-type designs.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF MODELS TESTED

[Model values are presented in terms of corresponding airplane values.]

NACA RM L50L29

Model 1 2 3 L 5 6 7 8 9 10 1 12
Model scale 1/16 1/20 1/57.33 1/16 1/17.54 1/20 1/20 1/17.8 1/16 1/16 1/16 1/16.95
Over-all lemgth, ft 23.58 17.78 50.90 14.25 36. 44 20.45 41.37 29.4%0 26.64 28.13 27.4%0 29.58
Wing:
Span, ft 50.59 60.00 | 172.00 39.00 38.67 26.83 29.42 54.0 23.33 23.33 36.58 4%0.57
Area, 8q ft 309.32 490.0 | 4020.0 | 293.31 496.00 200.00 375.0 356.0 427.5 427.0 191.0 208.3
Aspect ratio 5.33 7.36 7.36 5.19 3.01 3.60 2.31 8.20 127 1.27 7.00 7.91
Root chord, in. 148.48 157.00 | 450.00 141.65 194.00 123.00 305.80 116.40 280.16 280.16 92.00 92.00
Tip chord, in. 24.80 39.00 | 112.00 35.92 116.00 4.28 0 44.00 == s 35.50 33.55
Taper ratio 0.167 0.248 0.249 0.253 0.600 0.420 () 0.376 == = 0.386 0.364
MIAZC., (&), 4n. 103.04 109.80 | 315.00 102.33 157.0 93.68 203.89 85.82 238.00 238.00 67.TL 67.69
22 fogi“:;:: 53.28 | 69.70 | 200.00 | 49.30 83.56 62.48 101.91 -30.00 10.5 10.02 57.0 61.08
Twist, deg 3.0 4.0 .0 [ o = 0 0 0 0 .0 to -0.25 |3.0 to,-0.5
Dihedral, deg g:ﬁte;"gzg 2.0 2.0 1.0 o o 0 2.0 ) o ) L5
Sweepback, deg 29.3 LEW [21.9 c/4|25.8 LEW| 27.8 LEW 35 c/k 38.1 c/b 60 LEW -15 c/k 0 c/k 0 c/k 28.5 c/h 28.8 c/b
Afrfoil NACA FACA NACA NACA L%X\)) “‘?‘i:‘,,-ﬁﬁi";f“ RACA NACA NACA NACA c-W c-w
section, root 66,2-018 |65,3-019 (65,3-019| 66,2-018 | -(12)(k0) | Yo-percent |65, _ -006.5 23018 0016 0016 6500-0015  [6500-0015
-(1.1)(1.0) | chord line) (06)
CVA
Airfoil NACA NACA NACA NACA 4-(00) FACA RACA FACA NACA C-W C-W
section, tip 66,2x-012 [65,3-018 [65,3-018 | 66,2-018 _Eﬁxz;;&o())) ---do--- 65(06)-006.5 23012 0016 0016 6500-0015  [6500-0015
[Horizontal tail:
Span, percent b/2 None None None None None None None None 64.90 80.35 44,60 55.20
area, 8q ft —-d0-- --do-- | --do-- --do-- --do-- --do-- --do-- --do-- 6.0 48.0 15.56 21.52
[Longitudinal control:
Type Elevons Elevons | Elevons | Elevons Elevons Elevons Elevons Elevator Elevons Elevons Elevator Elevator®
Area, 8q ft 36.06 31.85 | 273.36 32.67 Sh.ho 16.98 33.30 36.31 25.00 47.99 15.56 18.62
L 5.76 bss | 16.85 [ s.03 12.76 . 10.53 5.2 10.k4 11.45 15.73 16.05
Vertical tail:
Area, sq ft 31.82 [ o 37.15 122.40 20.10 67.00 143.50 28.30 28.4% 25.20 27.80
Rudders:
Type Frise Drag Drag Drag Conventional |C: it1 1|Conventional [Conventional|Conventional|Conventional] Conventional [Conventional
Area, 8q ft ©13.88 [ 14.63 | 120.00| ©21.68 ©32.00 4.10 13.40 19.% ©13.20 €11.28 S11.44 €13.00
s g 7.18 7.68 | 22.05 | 5.65 15.15 9.33 11.86 12.31 15.00 12.53 5.00 7.92
fateral control:
Type Elevons Elevons | Elevons | Elevons? Elevons Elevons Elevons Conventional| Elevons Elevons Conventional |Conventional
Span, percent b/2 56.66 33.67 | k.00 58.30 17.20 15.%0 72.15 52.85 64.90 80.35 38.01 39.11
Area, 8q ft 36.06 31.85 | 273.36 32.67 5440 16.98 33.30 31.60 25.00 47.99 13.20 15.16
Maximum control
deflections:
Right B, deg up® 90 26 60 153 25 R 30 30 R 25 R 30 R 25 R 30 R b R
Right &y, deg down® 20 69 60 45 25L 30 0L 25 1L oL 25(L L 1191
Left &, deg up® % *26 60 5 25 R 30 30 R 25 R 1R
Left 5., deg down® 20 69 60 L5 25 L 30 30 L 25 L ko L
Be, deg up® 30 24 20 [Bi0.5, b1 30 20 20 o | 15| w | 3 o0 |
e, deg down® 20 n 10 [B0.5, o7 20 10 20 20 15 15 15 &0
8,, deg up® 30 17 15 0.5, Blo 15 15 15 20 30 10 T 20 | 38
8, deg down® 15 13 15 [810.5, blo 15 15 15 15 30 10 14 1/2 9

8a11 movable elevator.
Ppigtances measured rearvard to midpoint of control hinge line.
CArea of both rudders.

9glevon balancers were used in conjunction with elevon, deflections ¥20°
(14° up and 42° down revised).

€peflections measured from chord plane and perpendicular to hinge lipe.

heflection of pitch flap which moved up in conjunction with downward
movement of drag rudder.

B0riginal deflections
PRevised deflections.
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TABLE II.- MASS CHARACTERISTICS OF MODELS TESTED

[Model values are presented in terms of full-scale valuea]

L

Center-of- Relative Moments OF) Lnexibis
Trrvn | e, | (et il S
Weight
LOsENE | (1pe) /e | ofz | Sen | Test * Iy 1 -y [ y-L | Iz-I N
level|altitude mb2 mb2 mb2
Model 1
A 10,194(0.128( -0.003|10.59| 12.62 9,313| 6,834 15,635| 48 x 107%-169 x 10-¥|121 x 107} m:ﬁgiri’;:”ly
B 10,194 .128| -.003|10.59| 12.62 7,264 6,834 13,586 8 -129 121 Do.
. 10,194 .128| -.003[10.59| 12.62 11,828| 6,834 18,150 96 -217 121 Do.
D 10,194 .128| -.003[10.59| 12.62 9,313 5,604 14,k05| T1 -169 98 Do.
E 10,194| .128| -.003|10.59| 12.62 9,313 9,226 18,027 2 -169 167 Do.
F 10,194 .188| -.003(10.59| 12.62 9,313 6,834 15,635| 48 -169 121 Do.
G 10,19%4( .078| -.003|10.59| 12.62 9,313 6,834 15,635 48 -169 121 Do.
B 9,755 .179| -.023|10.14| 12.01 8,u17| 12,47| 20,667 -80 -165 2k5 I‘:ﬁﬂg gﬁa;*’*;;;?
Model 2
A 6,526(0.290| -0.0k0| 2.91| k.62 19,138 2,274 21,298[231 x 107% |-260 x 10~#| 29 x 10-* L°ﬁi$ gxrily
B 6,526 .290| -.0ko| 2.91| k.62 22,951 2,27k 25,111|283 -312 29 Do.
c 6,526 .290| -.0ko| 2.91| k.62 19,138| 1,999 21,023|235 -261 26 Do.
D 6,768| .290| -.oko| 3.01| L4.78 19,132| 2,967 21,997|214 -251 37 Do.
E 6,694 .24o| -.040| 2.98| L4.73 19,132 2,679 21,709[221 -254 33 Do.
F 6,675| .320| -.0k0| 2.96] L4.71 19,132 2,059 21,089|229 -255 26 Do.
G 6,538] .350| -.oko| 2.91| k.62 19,132| 1,729| 20,758|238 -260 22 Do.
H 6,914 .250] -.0ko| 3.08] L4.89 19,131 2,919] 21,949)210 -246 36 Do.
Model 3
A |155,000(0.275( -0.014| 2.93| 5.50 |3,380,000|433,500(3,769,000|207 x 10~ |-234 x 10-¥| 27 x 10-% m:ldi:g ﬁg:ruy
B |155,000( .275| -.014| 2.93| 5.50 |[3,380,000(563,550|3,899,050/198 -234 36 Do.
C |155,000| .333] -.014 2.93| 5.50 [3,380,000|433,500(3,769,000(207 -234 27 Do.
D 155,000 .391| -.014| 2.93| 5.50 |[3,380,000(433,500(3,769,000[207 -23k 27 Do.
E [155,000| .200] -.01k4 2.93] 5.50 |3,380,000(433,500]3,769,000]|207 -234 27 Do.
Model 4
A 4,642]0.251] 0.049| 5.29] 8.k 6,074 1,030 7,102|230 x 10-% | -280 x 10-%| 50 x 10-% foagire E{;ﬁ“ly
B 4,642 .383] .okg| 5.29| 8.k 6,074 1,030 7,102|230 -280 50 Do.
@ 4,642| .184 .ok9| 5.29| 8.k 6,074 1,030 7,102|230 -280 50 Do.
D 13,291 .268] .011]|15.18| 24.14 19,151| 1,925| 20,902|270 -297 27 Do.
E 9,000| .268] .011|10.29| 16.36 9,590 1,520 11,120|189 -226 37 Do.
Model 5
A 14,517(0.167| 0.004| 9.89( 15.72 13,250| 22,943 35,021 -1kk x 10-% 179 x 10-4|323 x 10-} Lo:iix Ki‘:ﬁ;ﬁ’
B 14,485| .2ko| .003| 9.87| 15.68 13,338| 23,618 35,994]|-153 -184 337 Do.
c 14,485 .163] .003| 9.87| 15.68 13,338| 17,449 29,825| -61 -184 245 Do.
Model 6
A 6,815(0.199| 0.035[16.59| 23.36 3,910 2,749 6,534 76 x 1074 -249 x 10-4[173 x 10°% “;‘ff,n“é srini::ruy
B 6,260 .178| .038|15.23| 24.21 3,050 2,694 5,616| 25 -208 183 Do.
c 5,820 .159| .ok1|1k.18( 22.54 2,360 2,680  ,821| -22 -168 190 Lﬂix g’m":ﬁ;’
D 6,815 .199| .035|16.59| 23.36 2,381 3,787 6,041 -92 -148 240 Do -

~_NACA —
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TABLE II.- MASS CHARACTERISTICS OF MODELS TESTED - Concluded

Center-of- Relative
gravity airplane Mom?rs\‘;a ?i;:ﬁ?tia Mass parameters
Weight location density, H ue
Loading (1bs) Remarks
= |z/c Sea Test I T; I, Ix - Iy IY - Iz Iz - IX
x/% |2/6 | ovel|altituge | X 2 - - =5 D
Model T
L - _)| Loading primarily
A 11,648|0.240| 0.014{13.80 21.93 |3,989(27,619|29,557| -T54 x 10 -62 x 107|816 x 10 along fuselage
B 11,598| .2¥1| .002|18.10| 28.79 | 4,713|27,078|30,560|-1192 -186 1378 Do.
7 Model 8
=0 = _4| Loading primarily
A 3,846(0.140[-0.052| 2.61| 14.13 |5,084| 4,369 9,365 21 x 10| -1k x 107123 x 10 along wings
B 3,507| .120| -.035| 2.38 3.79 | 4,789| 4,275 9,096 16 -152 136 Do.
Loading primarily
¢ 3,890| .1ko| -.052| 2.65 4.20 | 4,060( 4,369| 8,340 -9 =115 12k aio0 fusslage
Loading primarily
D 4,004 .1%0| -.052| 2.71| k.30 | 5,941 4,369|10,222| 43 -161 8 along wings
E 3,846| .190( -.052| 2.61 4,13 |5,084| 3,844 8,840 36 -1hh 108 Do.
¥ 3,846] .090| -.052] 2.61 4.13 5,084 4,864 9,860 6 -1k 138 Do.
G 7,886 .1%0| -.010| 5.35 8.51 |5,664| 4,738[10,20% 13 -T1 64 Do.
H 7,5¥7| .120| -.023| 5.11 8.13 |5,384| 4,655 9,930 10 -T1 67 Do.
T 7,886 .090| -.010| 5.35 8.51 |5,664| 5,738[11,203 -1 =TT 78
Model 9
A 4,615 0.225] 0.006| 6.05| 8.19 |8,090| 4,915(12,780] k05 x 10-4]-1006 x 10-¥{601 x 10-¥|Ioad ne ﬁwlgyny
5,287| .225 .006| 6.92 9.367 n0,193| 4,915(14,883 590 1115 525 Do.
Loading primarily
c 4,615 .225| .006| 6.05| 8.19 |L,126] 5,750| 9,651| -208 -500 708 along fuselage
D 4,615 .250[ .006| 6.05| 8.19 | 4,126] 5,750| 9,651 -208 -500 708 Do.
E 4,615 .200[ .006| 6.05 8.19 | 4,126| 5,750| 9,651| -208 -500 708 Do.
Loading primarily
F 6,283| .225| .006| 8.2k 11.16 |8,053| 4,765|12,056| 309 -686 317 along wings
G 6,947 .225| .006| 9.09| 12.30 po,122| 4,765(1k4,243 456 -807 351 Do.
Loading primarily
E 7,320| .225| .006| 9.58| 12.96 |8,053|10,578|17,527| -20k -563 67 along fuselage
¢ Loading primarily
1 11,890 .218| .017|15.59| 21.11 p7,178( 6,900|23,571 511 -803 281 e G
Model 10
A I 16,850!0.263] 0.005{22.1 l 35.1 l18,296|15,367| 33,703[ 103 x 10°%| -646 x 10"*[5b3 x 1o"‘[“°ﬁ},gg e
Model 11
- " - _)|Loading primarily
A 3,241{0.120| 0.182| 6.07 8.22 | 1,409| 4,062 5,041 -197 X 10 -T2 x 10-%|269 x 10 e Tong tusclace
B 3,241 .120| .182| 6.07 8.22 |1,973| 4,062 5,605 -155 -114 269 Do.
© 3,241 .120| .182| 6.07 8.22 | 1,409| 3,453 4,432 -151 -73 22k Do.
D 3,24 .120[ .182| 6.07 8.22 | 1,409| 5,687| 6,666 -317 -T2 389 Do.
E 3,241| .220] .182| 6.07| 8.22 | 1,409 4,062 5,041| -197 -T2 269 Do.
F 3,241| .070| .182| 6.07 8.22 | 1,k09| 4,062| 5,041| -197 =72 269 Do.
G 3,241| &, 08 .182| 6.07 8.22 | 1,k09| 4,062 5,0k -197 -T2 269 Do.
H 3,241 8,37 .182| 6.07 8.22 | 1,409| 4,062 5,0k1| -197 -T2 269 Do.
Model 12
A 7,717] 0.126 -0.019]11.52| 15.61 | 4,120|10,896|14,712| -168 x 104 -95 x 107263 x 107* m:iing;g gm"”"ehig?
B 7,906 .099 -.008|11.80| 15.99 | 6,592 11,916|17,184| -11k4 -116 -1230 Do.
¢ 7,851 .109 -.008{11.72| 15.88 |5,657| 8,77 14,270| -68 -123 191 Do.
D 7,811 .oug -.012(11.66| 15.80 |5,063|12,672 17,718| -186 -12k 310 Do.
E 7,835 .209 -.016[11.70| 15.84 | L,5k2 9,860(14,255| -130 -107 237 Do.

8porward of leading edge of M.A.C.
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TABLE ITL.- MODIFICATIONS TESTED ON MODELS

19

Modification made to Effect on spin Modifica- Data
Modifica- and recovery tion shown|presented
tion Wing [ Wing-tip rudders l Vertical fin I Other part characteristics in figure [in chart
Model 1
A =4 ] Split rudder I I Detrimental | 5(a) I i
Model 2
Equivalent propeller
A e Slightly detrimental 5(b) 2
20-percent
B i helats Detrimental 5(b) 2
35-percent 4
v semispan slats = 5(v) -
D Horizontal area  |=-—-—-ceemecmcmaaaa — Ineffective 5(b) 2
Model 4
A 4o-percent Slightly detrimental 5(e) 4
semispan slats
25-percent
B semispan slats Ineffective 5(c) N
60-percent
g semispan slats Detrimental 5(c) n
25-percent
D semispan aux- Slightly detrimental 5(c) L
iliary airfoil
= go-pexcenty | _ . - v Vertical fins a Detrimental 5(c) b
semispan slats E
25-percent Surface made movable
F semispan slats Neutral aft of 50-percent- [=-----—-=--=c---- ~— Beneficial 5(c) "
chord line
25 5 Sﬁ%&cg %de uova.t&e
-percen [ -percen
& seﬁapan slats Beutzsr :rh::dAline PlUS = e e a Very beneficial 5(c) N
Neutral; Surface made movable
" 25-percent Area B added to aft of 50-percent- [-—--mmmmmmommee Beneficial 5(c) 4
semispan s1ats| trai1)ing edge of wing| chord line
25-percent Area C added, doubling| a T
I semispan slats| chord of rudders FibeimElelal 5(c) i
Area C added and
g [Popercent el inge line moved to e s(e) .
o trailing edge of wing]
Area D added and
X 25-percent hinge line moved to Very beneficial 5(c) 4
semispan slats trailing edge of wing
Fins moved outboard,
L Area F added Neutral area E added, surface|-----meeeecommemmaan Beneficial 5(c) L
made movable aft of
50-percent-chord line
Fins moved outboard; Not
M Neutral area E added; area G Beneficial 5(c) SR
used as rudders Fr
Model 5
55.4-percent e
2 semispan slats = Slightly detrimental 1(e) 5
Model 6
Single vertical tail Ineffective for loading
A Z === moved rearward == [-m----mmecemmemeeeo A, beneficial for 5(a) 6
1.7 inches loading D
Dual vertical tails Ineffective for loading
5 added with same tail |____________________ A, ineffective for 5(a) 6
volume as original loading D
single vertical tail
Dual ;ertical ;‘us Ineffective for loading
c Yo Toarn = A, beneficial for 5(a) 6
1.0 inch to have same loading D
tail volume as mod. A
Model T
Wing fillets
e added Detrimental 1g) 7
B Dual vertical tails | —--e-emmmmmmmemeeeo Ineffective 1(g) T
Large dual vertical Not
c tails | memmmmmememmemeeeee Beneficial 5(e) B eis o

~AA




TABLE III.- MODIFICATIONS TESTED ON MODELS - Concluded
Modifica Modification made to Effect on spin Modifica- Data
e and recovery tion shown|presented
Wing Wing-tip rudders Vertical fin Other part characteristics in figure in chart
Model 8
A Spoilers —e Slightly beneficial 5(¢£) 8
B I:;ﬁ::::; to 8° Ineffective ot 8
Large horizontal tail neficial in. Not
(o} Moved rearward £
b added B&gﬁigﬁ %.rim 5(£) presented
Model 10
A Ventral £in 1 - Ineffective 5(g) Hot
entr: n presented
B Ventral fin 2 Lt 5(8) Do.
T Vertical fin 1 a = 5(g) Do.
D Vertical fin 2 d 5(g) Do.
E Vertical fin 3 d 5(8) Do.
F Vertical fin i d - 5(g) Do.
G Vertical fin 5 d 5(g) Do.
H Vertical fin 6 do 5(g) Do.
1 Spoiler 1 |=-mmmmcmmcmmmmmmmm——ee Vertical fin 2 d 5(g) Do.
J Spoiler 2 |mmmmmmmmmmmmmmmmmmmmm e oo oo oo d0=mmmmm o] 5(g) Do.
K Spoiler 3 do. 5(8) Do.
L L?:‘ﬁée 1 =t 4 5(g) Do.
Longitudinal
M fences 1 and 2 A 5(e) Do
X ngﬁi::din:td o e Ee e Vertical fin 5 d 5(8) Do.
0 |Elevon spoilers|e-------- — —— Vertical fin 5  {----- 4 5(8) Do.
P sii:::dlelevon; a5 A 5(g) Do.
Q Stt]);::deelevon; do 5(g) Do.
Vertical fin T;
R e s a 5(g) Do.
Vertical fin T; a
L dorsal fin 2 SR o 5(g) Do.
7 Supplementary tail 1 Very slightly 5(8) Do.
e W_t_:_gneficial
U Spoiler 5 4 5(g) Do.
v Spoiler 6 ] R do: 5(8) Do.
w Spoiler T 5(g) Do.
X Spoiler T |-mmmm-memmmmmmmm—m——ee Vertical fin 2 do 5(g) Do.
Y Supplementary tail 2 Beneficial 5(g) Do.
A Spoiler 4 e dD———~==c=" 5(g) Do.
Vertical fin T; rear-
AL s ward portion movable [---------me - do 5(g) Do.
as rudder
Model 11
/5 Agz;:; = e | Ineffective ———————— 11
Alleron chord
A S1ightly beneficial
B ble; ailerons == -| in improving trim ———————— 11
drooped 22° condition
(¢) Fin A Ineffective 5(h) 11
Slightly beneficial
D Fin B in improving trim 5(n) 13
condition
E Spoilers = — Ineffective 5(h) 11
F|le———cceacio—o Fi:s";z: :\::der moved Sl I e TIneffective 5(h) 11
_____ - Fin C Ineffective 5(h) a5Y
_____ Fin D Ineffective 5(h) 11

~_NACA —
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CHART 1.~ SPIN DATA OBTAINED WITH MODEL 1

[Uhless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal; right erect spins |

Loading A Loading B Loading C
Against Neutral With Against Neutral With Against Neutral With
Ailerons
v[n[p [u[n]v[o|[D|uv|[NID|[u|N D|U|U|N |N[D| U|N|D|[ U [N|]D [U | N| N D] U |N |D
Elevato;
st () Ka) [(a) |2 ©) (@) ()@ | @) (o) (ve) @| ) o)
a, deg | 36 82 |39 |-— _li_ 76| L6| -~ Bl |-— 64 —=| 77|38 |== | m=em 79 50 | 67 |=m== 76 | 51 | =
$,deg |20 |n) ol |—|w |20f N| o) 3pf—f~|n| WD]-—)N] D) N|-—] 2D)8D |-f-—|N| O ID]20|—|N] CJSD|—
Q, rps  |0.Lo| °[o.92{ 0.ld—— | ® fo.54 © |0.70]0.58 — | © | °| 0.89 0.l © [0.61| © | —=]0.72 |0.51 (== | ~—== | © [0.76 | 0.35]|0.56(-—— |° 0.6k |Osko| —
v, tps | 220! 8| 133|22(173 |5 |91 | s [162 [205 | —|s [s| 136|220 s 165 | 5| —[160 P02 |— |-——=| 5 |1h0 |215 |165 |-— [s|160 [198 |—
p p P PP e P P
Tums | 2|5 Al ] o R Sk i AT i
for n|l 6|3 1=[(n|25|n| bk n|n| 6 ln n|2 n|-={5 1{—-| 1 n| le 1= | 2 n| S 1%
1 L| L 2 2 2
recovery 1]3 2 |
Loading D Loading E Loading F
Ailerons | Against Neutral With Against Neutral With Against Neutral With
R v [ N[D] u N [D| U N [ D [~ [D [u N ID BEEREIEREIERERE
?anmrs () (e) |(v) (b)
a, deg 8y | sh 80 | 53 || ho { 3|8 {6 |—| 73 (62|52 |—{—|—| 83|59 %] 62| 8 (59{—
P deg | N|N| 1D o |w|w 1 | sp |—|2m| of of2 |[-—| o [ [8 [—-|—|-]| 1p|3p[1D[20] 2D | PD|-mm
0, rps o o°lq,04 | ois | ®|° 0.79 | 0.57 | —|0.54 | 0.72] 1.00| 0.57 | ——| 0.71 |0.89 | 0,k7 | —=| — || 0.8k 0.3L] 0.64{0.56]0.72 [0.LS| ——
v, fps s|s| 133|209 | s|s| 151 | 182 |--| 231 | 262 | 233 [202 [180 [u.73 | 163|187 |--|-— |--]|122 | 182[153 |162 |153 [178 |-—
p|p P[P
Turns
gl — —2lal ===l & [ —| % |5 ol etecil i || 2] |l =
recovery S5 1 Eli 2 15 > 22 3
|
Loading A, landing
s Loading G Loading A, flaps dom 60° gear extended Loading A, landing condition \
Fl"“"" Against Neutral With Against | Neutral With Against | Neutral | With Against | Neutral| With
evons [y N [D v [N[p| u [ v~ [o|u[n|p|u|w|[D] u|]n~|Dfu|N| D] ujN|D| ufn[D]U| N|D[U[N |Df U | N |D
Svators ) (e (v b
o, deg. 65 | 80 | 38 75 |9 | —lemf | [ I 79 78 (-} wlm L
f,deg [N| 10| 1D w|~/~|w |50 | ~|—-|—|N|[--|¥|N O |——|—N|N 0| N| N|N|2D|-{—| N[ N|N| N|N N[ LD|6D -
0, rps |° [0.64[0.88 [0.39 | °| ° |07k ok [ —=l--1—-| ° | —|° | °®[ozd -] | ®lo.7 °| °|®foz2=b=]|°| °[°] °|° | o:620cL8 E- |
v, fps s| 162|125 | 215 | s|s | 255 | 189 | —|--|—| s [—|s (3] 158 |—|—|s | s1k7| 5| 8|3058 -] s | s(s|s|s |s|169]205
Tane |2 p|p P PP PP p|p|p p|r|plp|p [P
vt U L o A e (P R R 5 ] M o B e e b 2 8 3
!'OCWQX'Y n nin n n n n n n n|n n njinjlnin n
Loading & - Modification % - right rudder 60°, Loading H Loading H, rudder-neutral spins
left rudder O i
Mlerons | Against Neutral With Against Neutral With Agairst Neutral With
[N DU U N] D |U N |[D|u] N | D U N |D v |[x[p| U[N | D U [N (?) u(:)(g
Elevators )| (a) (bg) | (£) () { (®)(v)!
a, deg — 69 | 65 | 0 |78 | 67 —| 81 [l |——[—]| B8 - —| 67 —_ 7 |-
8, deg w|w-—|w|w[w ]| o] ofw|un[]—] 0[60 [-—|—] 1 |—ff Nj-——] | N | N |—— W [-—T-—-
n, res | °| °|]— | ° |o.55 |0.64 | 0.72[0.78 | 0.58 | °| °| — |0.56] 0u2hf-oe || 055 |-l | _|-—-|ouk7| | | =lO.l3l— |
v, fps s |s|136| s | 28| 162 | 162 | 158 162 |s|s| 17313k |200 |~—— |-- | 158 —|—-| p| 228| 172| p p || 18Uj— |
Taraa p|lp[|P P|P[3 5 i LR I ¥
ili 1o lle |11 o 1 3 = IS [ (= = S, O I
Rﬁ‘;’,ﬁ,, n|n A% 3 L 55 | —— n|n 5%- S )25 s it 5l ) o
;’ho conditions possible.
Model oscillatory in pitch.
csteep spin, high rate of descent.
o types of spin.
;lbdel went into steep rapid spin after rudder reversal.
Wandering spin.
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CHART 2.- SPIN DATA OBTAINED WITH MODEL 2

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in clean
condition and recoveries were attempted by rapid full rudder reversal; right erect sping.

Loading A Loading A
Tudder controls neutral
Against With
Ailerons 1/2 Neutral 12 Full Against FNeutral With
Elevators | U X | [
¥ |p|n| U N N h/en| p| W U U | R D v | U N D
a)()| () (o) [ ()(al(v)( () I (] (o) | () PR TR D ) | () (e
a, deg = =l ER R 1%,37(34,21127,20 n | §]33,26] 38 b9, h1[39,32] 32 | K ¥ 5 5 == E (32,22(3525] -
§, deg -- | & | | e [30,0]20,10[30,20| , | , |1v,2D ov,2D[10,2D(10,1D 20, | . 5 N - s |30,4D[30,2D | --
2, rps -- |0.21 1; p| p| 0.21] 0.37| 0.38] P P 0.37]0.31] 0.3 0. 35'0 39 l{ P P P - b 0.231 0.40 [ --
5 1l 1 |2 == — =
| V¥, fios - (2Bl alalnf 188 20 208 o | pl =201y 176{ 163 179J 188 o : f‘ i = : 213 ( 204 | --
1 ~ I
% Ll 2 1ol o |
. 272 - - o | :
'urns e *
for &,el l,rl g 2‘%‘ “>3% )
recovery 2 ¥ l
e e e, }
)}: 1 | | |
! — === i d [ICRE=
Loading A
rudder controls against the spin Inadins B Loading C
Allerons | Against Neutral With Against Neutral With Against Neutral With
Plevatore |0 | ¥ | p|w| B| E J ol U] U | DU |N § |pfpfu |Uu|R D U U N U [N |D
s eioxe) Plol e | T @ (@ (@] 2 Y © eeeexe el e (@ @[ "Pe | @]P] | |
o, deg N | N W| W - | § N[x30 [eo,31] - Jar,33] - | B - F2,20( W |53,2456,47 8 49,36 | 56,3237,26 8|1 b3,39[37,19 § [ 55,k7]k730 b
, deg -- lou - jukp| - - Ru,op| [7U,3D110,4Dp{ 10,2010, 1D | 20,1050, 1D U,3D |40 20,3020,
o e (82| 8fe] 8} - 8]o] =) ==1] = Joza| -] 2 - |0.:36]°]0.k80.33] 0.2 0. o s ! R Jo )8 8
mrvell| sl i tad | B A5 z 3 > 33 0.35| 0.370.24f *| *]0.24 °-"ﬂph9:35°-3 0.4
V, fps 20 e (e e [ o e g (R O B - | 206|-| 1| 188| 200| 1| 189 163] 189173 182 216| 1| 1| 179|201 1 163| 176 183
n a n|ln n nln n n nin n
for 1 }é > | >6p 2} IS a - 3/4 o | =
e y ) | 2 | h1/2 23>0 >7
Loading D Loading E Loading F
Ailerons Against Neutral With Ageinst Neutral With Against FNeutral With
Elevators | g u | N u K |{Dp|u U { u | N vu|xs|p|D " |p|u| 8|D
N |D D | N{D D U
(c) (c) | () () | ()| ()| () (c) ) | (o) (e) | (e) [(®) [(e) [(4) () | () | () | ()] (e)
a, deg ];1‘,36 g g 51,41[43,35| - 53,45|%0,38 |46,37) 38,23 1; lg k],l'_() 10! lg 51,40(43,27 g 3k 36,21 g [ 4322} g k6,40 (45 2163 ,51[56, 419,35
4, deg  3U,3D 7,50 [eu,10| - [w,3D[30,4D |10,2D0( 70,10 TYID, 40,0 [3v,1D 3080kU,LH 71  pU,3D|30,1D| kU,kD[20,5] 0,30
a, rp8 | 0.20| 8 | 8| 0.22[ 0.28| 0.35]0.29} 0.32 | 0.32| O.Mk| 8| 8| - | 8|8 0.39]| 0.51| 8 0.13]0.19 s s [0.28{ 0.32[ 0.29| 0.31{ 0.3}
Vv, fps 191 f ‘; 176] 19%| 201 | 160| 176 | 188 213 ‘1’ ’,’ 216 f f 185| 182 1; 201{ ng l; 185| 185 160| 166| 182
Turns n|n n 3/k n| n n|n n 1 NE n 2& 2
for i1 1l al 2 ® =il e >7 | = 1l 1, ,1 ol
e 128 1%’2 2 p 1/2 | i | e 27 % 3 gz.
Loading G Loeding E Loading A - Modification A
Atlerons Against Neutral With Against Neutral With Against Neutral I With
i U/ " | D |u| N [D ] U N l D il 5 s N | pl U N D U lglp| V|X D| U N D
evators | (a) (c) | () K| () |€e) | (&) | (&) [(e) {(e) (c) | (e) (c) [(e) | () | () (e) | (c) | ()| () | (e) | (e)
a, deg - |5, kdse, k3 B [55,41] 51,1 63,53 B3,42 [54,40 B6,22| N | N [43,33)38,16 N|k9,b1 k3,35 T40,2k [38,3] N | N [b9,30k1,23 (L4 15 59,48 47,38 k0,30
4, aes | - (6u,Bu,10 ° [3u,70[60,40 70,60 hu, 7 pu,eo hu,mi °| °[av | 2v_| °| 1w jw,ep [2v,e0] 2D ° | °liovér wep|8u 20,30 | 1 | 10
0, rps -{0.19]/0.24| 8 | 0.23/0.26] 0.26 [0.27 |0.27|90.33| 8| 8 0.275 8| 0.35/0.39 | 0.45] 0.18 s | 5| 0.21 0.33/0.43| 0.32 | 0.33] 0.35
v, fps -[266] 66| % [ 10| 266] 10 | 157 | 163[ 209 | §| 297 - PI7176] 195 | 195 201} 217184 201|207 163 | 176] 185
Turns n n| n | n n|n 1
for b3l 55 34| 33 1ap g | 1| >5 4,5 ® - = (32 1 |2>6)1k,302L,3 o | =
recovery I}
Loading A - Modification B Loading A - Modification C Loading A - Modification D
Ailerons Against Neutral With Against Neutral With Against Neutrel With
[
Elevators U Klp|lu 1 u N D —[ N U N D U N D U D U N p|l U K D
() | (g () | (e) (e) | (e) @ () [(e) [ (&) [(e) | (&) (<) (c) | (c) (c) | () | (e)
«, deg 36 N [u8,41] 34 [ N| 48 [55,41 35 383 | N[ bk |38 [b7,37[k9,k2]i8,38] 38 [u6,23] N |k9,3k [38,21( N [k2,30[49,31 k0,26
-] o o
| @, deg |30,1D W [ou,2D °lou,1p [3u,10 w | 3V,10|30,40| ° 1,30 ]1w,2D [3,2D [eu,2p|1w,10[ 20 [év,2D 40,20 [70,30| ° [50,20] W0 |50,1D,
Q, rps 0.3 810.33] 0.41] 8| 0.41 | 0.44 044 0.3 - || 0.31] 0.k1| 0.44| 0.42| 0.43[V.45 | 0.32{ ® 0.22 | 0.43| 8| 0.30| 0.38] 0.4k
v, fps ] | 26| 157 B[ p| 157 163 | 1m| 2135 64| 10| 1| 6| 151] 1% | 2e0| § | 207 207| 3| 220] 192] 2
Turns n 2 1 a n n 1 n n
for Sy L s - O = & 24 ° S [ 1 1 7 28,3 * “
recovery; - / 3% 2 ’ %r

8Radius of spin too great to permit testing completely.

types of spin.

Oacimtory spin; range of values or aversge value given.

4v1sua1 estimate.

of elevators to down.

fkecovew attenpbed 'by neutralization of rudder controls.
8ogcillatory in pitch.

h“a.ndering spin.

iBt.eep, wandering and oscillatory spin.
Jva.olnnt]w oscillatory in pitch. Amplitude of oscillation

NACA

increased until model pitched inverted and then stopped spinning.
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CEART 3.- SPIN DATA OBTAINED WITH MODEL 3

Elnleas otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal; right erect spins

Loading A, rudders against spin Loading A, rudder neutral spins Loading A
Ailerons Against ] Neutral With Against Neutral With Against Neutral With
Elevators| U | X | D U X D U N D U I 1 05) U X (D |U(N|D|U| KDl U N D
(ab) (sb)| (ac) (4) (g) | (bd) (va) (dg)
«, deg — s (| (e T 26 25 32 28 T
, deg B oW [ ==¢ 3 | | X N | W o ID/N |[N|K|K|N|K == N
O a9 o [P e feees oot [loian|oser | & | L2 0.21] 0.2% ol Gt 2 e v e [
Y, fpa smr] A | s |i366| —=|3%0 | 319 | 3%0| 36} = s | 8 3%| 363|8 (8 |8 |8|s |8/ 268 — .
P2 A R HHE :
Turns i1 ef i 111 b
for oo nd| e g St (RS (B I 5 el "1 ] a n| n :1,8 2%: 2 n|n|n|afnf b |._ n
recovery 2 >8
Loading A, slots open, rudders
it e Loading A, slots open Loading B, rudders against spin Loading B
Allerons | Against| Neutral With Against | Neutral| With Against | Neutral With Against | Neutral With
Elevators|y (y | | v |[x|p| v| ¥| p|v |Xx |D|U|X |D| U |(N|D|U|F|D | U K(Df(U |N |D (U K |D N | D
(a) ()] (1) (1) (a) [(1) (1)] (1)
a, deg 29 by 30| 26 57 | === |- 38| 33| 25 29| 25
g, deg ¥ |8 | X[ 1|8 |K[ %p| 4| sp|X |¥ [N (¥ (§ |K[ yy|—|¥| ®|¥ |8 [ZT78 [ sp| 8p| 7o| K| KN | X w| 1w
o, e %0 | oo |°lozzfobforaa| ® [° | °[° |° |l [°] °1° I° [==F=|° [o-35[o-25e-33| °| ° | ° 0-15/0.2Ls
Y, fos s|s|s[ 377|s |s[318] 329| 350 | = |5 = |8 |s [8[377|-—|s [ =|s |8 [———]-—|s [ 320] 3% 350| s| s | 8 [383 |-—-|8| 266] 372| 378
rip| P P | P P(p|P{P(P|P | PlP|P P P(P|P P 7 ol
Surns 111 1|1 o | [ e [ ) 1] 12 1 111 ]1 i I3
for ni|n n BT I e n n nn n n | B n nin |n S __<n ey (B8 e gt (i ¥ n r)h P n ™ > 2 >e
recovery
Loading C Loading C Loading D ading
rudders against spin 3 rudders against spin 1ot P
Allerons | Against| Neutral With Against] Neutral With Against Feutral With Against Feutral With
Elevators | U/N |D |U| K| D| U K |[D uxn(u l(n v|x|p|u|w|D|U|K|D|U|KN|D|U|f XN|D|U |N DU |X I D
J) J) (1)
o, deg b7 36| 34 53| 34| 25 &4 k9| 35 56 Tl 66 ™| 13 &
g, deg K|N N |R|K| K[ gp| ap| 7o¥|F¥[ W W o zo| ¥| F| 8| K|x 8| K| 8| KN o) off [ 1p 1]
—|0
o, e ] °1° [°[°]°] °lom3lozfo.5° | °|° b3 boizfo.180. %1835 | °| | ° | °|°|°|°| | °|°[eaxr] [o.22]0.29|" [0.23.21f0.29
88 |8 |B8|8| 8 8|8|8 8 8 8 8|8 L L 8 8|8 8 B ol 8 [
v, 298| 320 | 320 288 | 329| 298| 253 282 255 234{ 2k9 239 | 234 2bk
2. PP|P(P|P|P P(P|P 55 3291,1,,,,,,,,1,, P P =
Turns ) ol R T R 1(1f4] 2 L TR T e (T L O I (R [ N Hi « % i L 313/
for mhrindainliml o I 5 & 53 '% - w | » n|n|ln|nafn|n{n|n|n|n s PR 2 n N 3| 2
recovery b 3 3 L
Loading E Loading E Loading A, pitch flap deflected Loading A, pitch flap deflected
rudders against spin down 15°, rudders against spin down 15°
Ailerons Against Neutral With Against Neutral With Against FNeutral With Against Neutral With
T
Elevators | U|/K | D | U|N DUI! D|U|K|D pju | X|D |U|K |D XK |D |U(N|D|U|NK|D| U K |D
(8) (g (g) (a) (a)
w, deg ' | = —- - -—| 25 ST 28
§,d8 [—Ix|x ¥ ]x| x|5|x|x wls | w|s|w|n e[ ®x |x|x|x|x|n|x} 2| Wy
Q, Ips -==|0 | O of--Jo[o|o|o]e olo olo |o |o |o [---0.20/0 o|lo|o |o |o|0]0.25 ---0
= —-
Y, f8 “ls s |=™]s [s|"]s|s|s|s|s ["|efs [|s |sfs [s|s [s s |s [ 30(, | o P P () T e [ 5
PP PP plPlp|P|P PP P|p|P (P|P [P |P |P P |Pp|P|P (P |P|P P
Turns i Sl 7 ) i gl i1 P 8 [ (R | R 1O L B e e R R R 1T )
for ——n N |eee D N|w=a nin n N fk-= Dn|n -=n nin n n n n n = fee——D n n n n n n L4 >8 n
recovery I l
8Large radius oscillatory spin, average values given. :NA: C:A:
bH.nderl.ng spin .

CSteep wandering spin.

0scillatory in pitch.

®Recovery attempted by moving rudder to full with the spin.
thull observation.

83teep spin.

hheovtry attempted by moving rudder to full against the spin.
Loscillatory spin.

JOccuionﬂ.Ly oscillated out of spin.
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CHART 3.- SPIN DATA OBTAINED WITH MODEL 3-CONCLUDED

NACA RM L50L29

Loading A, landing condition, Loading A, landing Loading A, landing condition, slots
rudders against spin condition closed, rudders against spin
Allerons Against Neutral With Against | Neutral | With Against Neutral With
Elevatore U N D U N D U N D U|N|[D|U|N|D |U| N|D U R D U N D U N D
| O (1] (1) 1) (1)
a, deg o7l ---] 35| 3] 22| 26| 47| 28| 33 - 26|---| 33| 30| 29| 29| k4| 35 30
4, deg ep|---| éo| w| 60| u | 30| | op | NI BN N8 K| | NI N| 3y|...| 20/ 30| 30| 20| 2u| ko | ko
f, P8 0.13 | --- | 0.16 |0.15 | 0.17|0.18 [0.21|0.20 | 0.21 ol s | B ol Il 0.14 | --- |0.19( 0.16 [0.20 [0.21| 0.20 |0.21 [0.22
v, fps 350 | 383 | 340 | 320 | 360 | 308 | 276| 320 | 329 | pdpi 2 P P 112 319 | --- [ 324 303 | 319 | 319| 276 | 298 | 308
i &) 58 slpet i 1

Turns nfnfn (nfn |n n|n

for B e Bt e B e I B BT -] e B B B e B B T T P
recovery

Joading A, landing condition ? :: 7
,slots closed i NACA
°1Arge radius oscillatory spin, average values given.
Atlerons | Against | Neutral With oscillatory spin.
kIm:reaamg radius — may not spin.
u KD|V| N|D U N D

Elevators (k) (1) (a)

a, deg ———- 30| ==ae| =---

@, deg NR|N | KN U

Q, rps L O G TGTCS

v rp‘ 8 8|8 3]‘0

2 p|p|p

Turns Ll

for il mm © ® | eeee

recovery
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CEART 4.- SPIN DATA OBTAINED WITH MODEL 4

[Unless otherwise indicated, the steady-spin data are for rudder-with spins of the model in the clean
condition with split trailing-edge rudders installed and revised elevon deflections and recoveries
were attempted by rapid full rudder reversal, right erect spinsg

25

Loading A, circular-arc type rudders installed, original elevon deflections
Rudder With Neutral
Against With
W
Ailerons o 1/2 Neutral 1/2 Full Against Neutral ith
U 1/2 1/2 N U
Elevators [ U | N [ D 1{,2 @ | ¥ D ‘/J U é ®) . it W p| u|w DSl N B8 S
a, deg N N | N N N N 37 3k 33 3l N N N N s N N 25| N N
o o o o ) o [} o [} o t [} [} o o
@, deg 1w 2U LI} 2u e 0
8 8 8 8 8 8 8 8 8 8 e 8 8 8 8
9, rps P p|lr2 |0 P e 0.67 Riep W SRR 0.69 p|o»
i . i i i 3 i 3
v, fps n n n n >190 n n 196 182 194 180 n n n n s n n 21k n n
Turns for Chl (et Cd),,l c7£ c,{ cdh oo cd,‘ c7 c5 Cdlo l; c5 Cdk 10 °d8
recovery 2 £ 2 2 :
Ioading &, clrcularcerc type rudders Loading A, circular-arc type rudders installed, original
installed, original elevon deflections elevo:sdet,‘lections, BoAlPtatiena B 08 ed, origin:
Rudder Against With Against
Ailerons Against Neutral With Against Neutral With Neutral With
u U U
Elevat O U N|p|u|N|D U N D D N N[ D
evators| U | N D (a) D (v) (e) N (a) (e)
a, deg N| N N N | N 30 N|UE R N N %] 45 N Sk 4 | N N 33| N | N
o o o of| o o o o o o o o [}
#, deg e 1D 2u [ w o o 1D
8 8 8 8 8 8 8 8 8 8 i 8 0.6& 0.61 8 8 o.@ 8 8
e p(p| P B[ |2 plp|P |P| P 0r63. JOISE !; 1; b x; 117 11>
i 2 3 i i i i i i i
vV, fps * = . >2hg " o 208 ol n o . . 171 166 3 158 160 2 231 3 196 = 2
Turns for | ¢, | c, |cd 1 e |cq, Cin FALY fieioilics ) e >6 hi-13|edn 1 3 fedyy cq cg | cag
recovery i 3 35 > 5 12 | h? L i e 15 % % 3
Loading A
Rudder With Against
Ailerons Against Neutral With Against Neutral With
U
Elevators U N D u N D u N D. (:) N 2 (v) N D (g) 2 :
a, deg N N N N N N N N N 20 N N 26 N N 31 N N
[} o [ o o o [ o o o o o o o o
¢, deg 3D 3D 2D
Q, rps 8 s 8 8 8 ] 8 8 8 0.53 8 8 0.5 8 8 0.51 8 8
2t b P P P P P P P | P P ? p 4 "l
1 1 1 1 i 4 1 1 i 12 2
Yo =ve _=n_ n n n n n n n n 208 n n 99 n n 99 n n
Turns for Cpl c cd c c cd. c (o cd c cd, c cd c cd,
SRty 5 T a ) ) 10 7 18 1 6 8 6 7 <) 16 8
Loading A, modification B
Rudder With Against
Ailerons Against Neutral With Against Neutral With
Elevators U N D i N D u N D U N D U N D U N D
a, deg N N N N N N 60 N N N N N N N N 29 N N
e o o o o o o o o o o o o o o o o
@, deg plij 2D
e el 8 8 8 8 8 8 8 8 s 8 8 s 8 8 8 8
2, rps 3 Pl op ) P p | 0.5 ) P P P P » P p | 0% | »
i i L i i G [ < i i & i i
Vv, fs n l n n n n n_ | 163 n n | n n n n n n 18 n n
Turns for i B |
Ssie | S | c11 | cdg | cxp Cé cdr l ST c13 |y | < cs cdy eq cg Cdl‘é cio | cdg

2Large radius spin; model may eventually recover.
b'vlzmdering spin; slightly oscillatory in pitch.

CNumber of turns required for model to stop spinning after being launched with initial spin rotation.
dAfter recovery, model goes inverted.
€0scillatory in pitch.
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CHART L4.- SPIN DATA OBTAINED WITH MODEL 4-CONTINUED
Loading A, modification C

Rudder With Against

Ailerons Against Neutral With Against Neutral With
U U N U U N U N

Elevators | U N D () N D (£ (£) D (eg) N D (eg) | (eg) D (eg) (eg) D
a, deg N N N 33 N N 37 45 N 36 N N 36 N N 39 39 N

o o o [} o o o ) o o o
@, deg 2U 2u 20 1D 3D 2D 1D

8 8 B 8 8 8 B8 B 8 8 8
Q ;

, TIPS P P p | 043 . p [0-46 [9.h2 ploél iy 0.%| p [0 lo65] o
v, fps i 201 ee| | Ll)] e 1| L] o) L] we| 2] 1| 0| 163 ¢
Turns for d d
Setoreiy c9 c7 C 3 o c12 t:dl2 w ® ch CB ( 3 (:7 cd6 ch

Loading A, modification D
Rudder With Against
Ailerons Against Neutral With Against Neutral With
U N
Elevators | U N D U N D (eg) N D U N D U N D U (eg) D
a, deg N §F | 8| «w v | = | w Y| s | N s N | ¥ s | 28 | «
o o o o o [ o o t o [ t (<] o t [
§, deg 2U & & o bi
8 8 B 8 8 8 B B8 e B 8 e 8 B8 e 8
9, ¥es P » | p | P |p || p »| p | P p [ p [0 | »
i i i i i i i i i i & i i
Vv, fps n n n n n n 176 n n A n | n s n n & 260 n
P P P
Turns for | ¢ cd c d c cd cd cd d.
recovery 12 | “18 18] 15 7 %1 “ 15 10 i 7 10 i ) 10 : =510
Loading B, circular-arc type rudders installed, Loading C, circular-arc type rudders installed,
original elevon deflections original elevon deflections

Rudder With With
Allerons Against Neutral With Against Neutral With
Elevators U D u D U N D U D D

() | ¥ (1) N @ | w | W ) SR O

a, deg 38 N N k7 43 N 52 47 39 N N N N N N N N N

g o o 5T o ] 3] ] o o o o o o o o o
de

¢, g ] 8 B8 6D 9 8 D 6D Lp 8 8 8 8 8 8 8 8 8
2, rps  |0.23 D p [o.k1 |o0.45 p [0.45 [o0.46 |0.45 | p P P P P | b3 P P

i 1 i i i i i i 1 A i i

v, fps 197 n n 185 185 n 177 174 191 n n n n n n n n n
Turns for| 1 .3 | ¢ c Sh ok >6 >10 > o c c1 c, c cd, c c cd
recovery |95 95 | 25 | 17 | ¥ 3§ n 9 " il 8 7 %] 30| 5 b

Loading A, modification E
Rudder With Against
Ailerons
Against Neutral With Against Neutral With
Elevators u N N D U u N
U D u s U N D N D D
YW (& | (0 (e8) (@ | (o)
a, deg N N 68 bl N 50 59 T0 s N N 35 N N L6 35 N
o o o ) - t o o o (] o
$, deg 1 2U 1 1u e 3D \i] 3D
8 8 8 8 e 8 8 8 B8 8
2, rps P P 0.76 P P 0.53 | 0.76 |0.86 P ) P 0.67 P P 0.63 | 0.69 P |
i & ok 2 i 1 1! i ot

v, fps n n 155 n n 176 126 123 o n n 202 n n 185 185 n
Turns for d7 P
recovery 20 | 30 ” S22 | 15 “ & dB ; S13 | *12 c13 | 10 cd)

“Number of turns required for model to stop spinning after being launched with initial spin rotation.
darter recovery, model goes inverted.

eOacilletory in pitch.

f‘wa.ndering and oscillatory in pitch.

8Handering spin.

hLarge radius spin, model may eventually recover.

ibllmdering spin; slightly oscillatory in pitch and roll; range of values given.

"Visual estimate.

kOscillstory in roll.
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CBART 4.- SPIN DATA OBTAINED WITH MODEL 4-CONTINUED

Loading D, modification B
Rudder With Against
A1l
e Against Neutral With Against Neutral With
Elevators |y N D u | N D u | w D v N D U N D u N D
(1) | Gm) | (m) | ()} (m) | (m) | (2) ) (om) | (2m) (®) | (»)
66 69 58 60 % s s s s
a, de 73 56 5 8 N s N
s 95 90 83l e 6 81| o t o % t t %
11U 1y 6U To e e e e e
#, deg a8 e o 0 ol ol ey 0 s s s be s % S
u P ® P P ? P
2, rps 0.91 1.16 1.14 | 0.96 | 0.98 | 0.92 | 0.71 0.95| 0.91 1 1
2 8 2 8 s 8 8
V, fps 246 231 231 246 | 231 | 234 263 25 2ko o > 5 3 297 | 278 5
i 1 i
Turns £ 8 8 6 1 1
S > 10 T ;‘3 >15 1 | > >7 >6 | 14 p Lorg o = = B
°>a 96 a6 Q12 a7
Loading D, modification D Loading D, modification F
Rudder With Against 300 With
Ailerons Neu-
Against Neutral With Against S With Against Neutral With
Ta.
Elevators N N N N U U U N D U N D u N D
U D U D U D U (® ®
a, deg R| N|K 8 s ] s| W ] s s s K| n| » gil g s
o ol o t t t t ) t t t t o o o f——1 t o t
e e e e e e e
: 2 des A L N : : B : elline e e e e B ] e e
298 B b D LD | Pl 21 |l P)o» P P e el pAlY P
. (I
v, fps o Sho s s n A s n » . 2 & n n n | 328 . n 272 E108
3 b3 ? P ] P P D ax P 1 P
Turns for| Spal %] 30[ 1 1% | 1 1] %3] 1 1 1 1 | %8| “8[ 25 1|ax, | >6 1
recovery n qn n qﬂ n n qn n a n n
%21 | %0 20 9 | %3] 26| %o 15 %5
Loading D, modificatiqn F Loading D, modification G
Rudder Against 30° With 300 Against
Ailerons Against Neutral With Against Neutral With Against Neutral With
U U
Elevators | U| n|DP |U | N | D] U| y|D ]| U] w|D|U| N |D @ | ¥ D |U N DU N (D [ N D
a, deg N| N|R |8 s|¥| s| s| N | F| N|N |ss| N |F ss|N | N [N [ss|ss|nN ss| N
o o|o t t| o t t| o olo |tp|l o |o t p o o|tp|ltplo [ | tr o
¢, deg e e e| e ed e 1 ei|let ed
e 8 L e e ; e e| 8 8 818 len ; ; en | 8 ; ; en|len|® [T |en ;
s p| p|P p|lrp| P|P P P
il B T [ 2| R (AR Al | 2 |2 rel |5 Ao I W 25 Pl () o 1
V, fps n| n|n | g e [ 8 R | R n| n|n n|n | 3% 30 alnln a |34 n
P P P b 5 a
Turna for| c cq5|dk 1 i i 1 led,, | <11 [©8 412 40r €10 [cd)5 99| |8 Cde Yo | 15
14| “15)%%10 cd 12 11/h
recovery n n 10| n n i
%3 |%2 %5 |95 21/2
Loading D, modification H Loading D, modification I
Rudder With Against With Against
Aflerons | Against Neutral With Against Neutral With Setital o s p
U U N
Elevato N U U |N U N
giatars | g fx DU | R DA D| U N D Uln |2 | D N D (s)
a, deg N K| " |[ssls 8| ¥ 8sls s/ N | N| N |s g5 s N ) 8 s|] N| N|ss| N | ¥ |8 8 s
(] ol o|tplt pl o ——tpt p| © o oft pt pl o t p| © o|tp| o o |t pH—¢t
#, deg s sl s |eile 1 g eile 1| g 8 s le ie 1] g 0 e i g slet]| s s |e 1 e
o P P P e nje n P enje n P P P e e n P e n P P en P P e n e
Ll i il 1| 1 P 1] 1| 1fp ﬁp 1196 - ? sl 2= 1] sjo LI
Vv, fps n n| n n 288 n n n n 306 ﬁg- n n n n 385
¢ c
Turme forl ‘| “12| 17| %5 | %0 °20 %s | 16 |10 - 10 9y (% %8 | “20 | “18 25|30 | %t
ery

“Number of turns required for model to stop spinning after being launched with initial spin rotation.
d
After recovery, model goes inverted.

Flat and wandering spin.
mOscillatory spin; range of values given.
"Recuvery attempted by elevon reversal, stick moved from full back to full left and forward.
oRecovery attempted by simultaneous rudder and elevon reversal; stick moved from full back to full left and forward.
pS&eep, wandering spin.
%umber of turns before model strikes safety net.
rRecovery attempted before model reached final steer attitude.
ssteep spin.
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CHART 4.- SPIN DATA OBTAINED WITH MODEL 4-CONCLUDED

NACA RM L50L29

Loading D, modification J

Loading D, modification K

Rudder With Against With Against
Ailerons ]::‘:i With Neutral With Neutral With
Elevat: u u
S¥6 o U U N D | (s) N (s) N U N D N D U |[D
a, deg N N N N S s N N N N N N N Ss | N
o o o t o o o o o o o tp|o
#, deg e 1 el
8 8 8 8 e n 8 B8 8 8 8 B 8 8 en B8
%, rp8 P P P b » P P b4 P P b4 P b P P
i 1 i i i i i 2k Y i i i i
vV, fps n 2hg n n 315 n 315 n n n n n n 297 n n n
Turns for c c cd, cd c c cd c cd cd
recovery 30 30 20 15 20 20 10 1k 10 10

Loading D, wing-tip rudders neutral, modification L

Rudder 30° With With
Allerons | pgaingt Neutral With Against Against Neutral With
Elevators | N [ D | U | ¥ [ p [ K (D L I vl vl o |u | n|o | %[ o
(t) (e) | (¥) (8) | (eg)
a, deg N N |ss|8Ss | N [37,66( Ss N[N |Ss|Ss | N Ssl T4 T4 |Ss 59 N 58 6| N
4, a o o tp|tp o tp ol o tp|tp o tp =5 W e | o
s deg R R eifed | o W[ ey eiled ed 0| ID |ed 1D 2D 1D
8 8 8 =3
2, rps allsEEE T A S S Sis 22182l 5 enl08[105 |2 [o.m| 5 [0.68 | 0.9 .
| [ 2 1 2 o] Rt | REAT 2 1 L 2 1 1
v, fps n n n 282 n|n n 234 | 234 2ko| 5 263 2% | n
Turns for CLB clg q21 qeh cq Cl J cq 9 q dq cd
recovery 26 26 13 15 30 ko 70
Loading D, landing condition, modification B E, modification B
Rudder Against Against
Ailerons Against Neutral With Against With Against Neutral With
Elevators | U | v | p [u [ n| D |D Ll s S lulv|o» A [ b A
@) | (eg) G (ep)| (2) | (p)
a, deg N N| N [ss(ss N Ss | N N N N N 62|45,75| N N| N N N N (22,45
o o o tp|tp o tp o o o o o o o ] o o o o
#, deg . ol o let]et el 2u[ 11070 oD
) enl|en 8 en 8 8 8 B8 8 8 8 8 8 8 8 8
siTe » HES » m (P(E|2f®|p|P 0T %B| »| o2 [p| p| p |06
1 1 18181 FOH | S R P e
v, fps o S| n | 3% ] 351 ol il s |l 202f 208] o | a|l n | a| o | o| 2% 263] 2k
N
Turns for | ¢ c cd. d. c d, / d c
ey 2l |1k [®hi2| %7 | %k [d9%g %1 | %16 - n/h cn | €10 412 c)0 |2
> 8

QNumber of turns required for model to stop spinning after being launched with initial spin rotation.

dAfter recovery, model goes inverted.
€0scillatory in pitch.

gwmdering spin.

m()scillatcry spin; range of values given.

nRecovery attempted by elevon reversal, stick moved from full back to full left and forward.

CRecovery attempted by simultaneous rudder and elevon reversal; stick moved from full back to full left and forward.

Psteep, wandering spin.

Yumber of turns before model strikes safety net.
sSteep spin.

tAfter launching, spin progressively steepens.
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CHART 5.- SPIN DATA OBTAINED WITH MODEL 5

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in clean
condition and recoveries were attempted by rapid full rudder reversal; right erect spins]

£9

Loading A Loading A with wing slats extended
Allerons faniast Neutral Lo daginet Jneutr&l With
Full 1/3 1/3 Full Full 1/3
) 2 2 2
Elevators U N D 3U |3V U N D D |3uU U N D ] U|l N Zu U u N
(a)(®) |(c)(d) | (c) ?e) %e) (2)(®) | (c) [(c)(e) | (a)(e) ?a) (c)(@) | (a) (a) '} (e) 1|(e) : (c)(n)| (a)
i Bl
«, de 2 56 Sh a1 [ S| [P 41 39 N | I 43 s - 53 68 50 . X
e | &l = w | s 58 58 6| 55| s
™ 5D 2y 1D 1 I 15 3 g 4D EDN ]I T7DA | S | e
¢, deg ——= | 12v L 8|~ | 8u CUN R 1 == 1w 0 ™ &
Q, TPS -—- |0.37 | 0.36 | 0.28 [ —-== | ==== | 0.32 | 0.38 | ==o= | —=== | === | =me- | --—- ] 0.32 ; 0.39 | 0.32 [ 0.31 | === | =---
V, fps >290 [ 19k i | 256 [>312 29 232 | 230 [>312 [>33% [ 250 | >326 [ >326 | 209 i 19 [ 24 | 232 | - [>312
3 g 3 £ 3 a9 1
Turns b %2, 7 2 % fe 5 1 b I B| 5 HANE S
for L N Y 2| ¢ 4 1| == i RNt & 3 1 L3
recovery | 3 3 1 > 2 2 x| % | %
Loading B Loading C
Against Against
Ailerons T /3 Neutral With Full 1/3 Neutral With
Elevators [ U N 2y u N D D U N u N % u u N N U N
(m | 3 (e) (e) [()(n) ) | (&) | o
68 51 50 4o 39
a, deg Ceg 86 ceot == L9 === Zo== === Soes s 55 === === k9 S ko s
1D 2D 0 U 10D
¢, deg £ 3u G=2 o= U = s i | == 6u = o= 10U = wu | -
0, rps -——- | 0.35 ———- == | 0.27 il 0.21 [ ===~ ———- 0.%0 e ---- | 0.4 e il R
v, fps >312 | 186 >300 | > 300 238 274 > 312 2k |> 362 >326 | 214 > 300 >332 262 >332 256 [>332
4 [3 £ £ g £ £1
7 it 1 St 1 3 1 it 3 1 3
e % b b & 2 ¥ 5| & b3 T T i
for b = g £ 2 = —— T fg £ fi 5 =
3 1 1 1 1 1 1 2 1 3 a2 3k
recovery X 3 % ].5 2 3 2 31{ I i o > iz

&teep spin.
bLax-ge radius spin.
CWandering spin.

AModel oscillatory in roll and pitch.
©Two conditions possible.

rRecovex'y attempted before model reached finel steeper attitude.
gRecovery attempted by reversing rudder to only 2/3 against the spin.

bOscinatory spin.
ivisual eatimate.
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CHART 6.- SPIN DATA OBTAINED WITH MODEL 6

NACA RM L50L29

[Unleas otherwise indicated, steady-spin data are for rudder-with spins of the model in clean condition
and recoveries were attempted by rapid full rudder reversal; right erect spinsg

Loading A Loading B
Against Neutral Bich Hith
jeu’
Ailerons 73 il Ageinst Neutral 173 Foil
N D D N D U u N D U N D u N D u U ¥ D
Elevators (a) (a) ()
a, deg 4o 35, 46 S 21 20 57 k2 49 21 |12, 25
g, deg 5D R 190 18D U 0 30 [m,300 (80,230
2, rps 0.18 0.35 [o1 | o.57 | 0.60 0.47 0.38 [0.k2 [0.69 | 0.78
V, fps 265 277 | 239 343 337 221 255 | 22k | 343 337
N N N N N N w N N N N N
o o o o o o r ® o o o o ©
s 2 1/2
8 8 8 8 8 s e 2 3/4 8 8 8 8 8 - ©
Turns P P P 21/2| P P P >4 [g31/2] = ® b3 P P b3 » b K 1/2
1 i io|>gape| L 1 fl s g i i/: - - 1 i i 1 1o h9 1/2y, 1
®
for n n n b°1~1/2 n n Sy ;/2 o} 1%2 :21 2/ ::1 4 " n | n n 313 1/a| B4 1/21:1 c1 1/
Tecovery b 1k ey p b § iﬁ 11/2 |°¢) 1/ X 3/4| 3 b1/ 13/4
1 11/2 1/2
i1
11/2
Loading C Loading D
Against With Against With
Ailerons Neutral Neutral
Full 1/3 1/3 {1/3 Full Full 1/3
0
Elevators N|p |2u |u| & p ol U N D 23 v |sfo |2v| vl w|nN p| D |u |« D
3 (a) |(a) |(a) [(a) () | () @ |(»a)f(a) |3 (a,p) (&) | (a) | (a)
a, deg 51 60 36 Lo 41 31 34,43 |u2, 73|41 134, 45 Ly
g, deg 6D o| 8 5D | 5D 0 1%3 13D 0
0, TPS 0.47 [0.50 |0.47 | § [0.51 [0.54 | N [0.h2 | R N | 0.38]0.38] 0.64 0.k 0.k2 0.39
v, fps 215 | 199 | 252 [® [ 252 |227 | © | 270 | °© 304 [>308 © | 277 233| 227| 270[>258 | 258[> 304 270 |>287 | >200[>356 |> 336
5 s s 1 5 s
Turns P P b3 1 P T,d
Po1/el 31 1 1 g Yyl t 2 ’J 3%/4) >4 i Tk 3/4 Cu/v| 21/2| P12 0%
b @ r : 3
o « T2 3/4 S :{{ 2 : f L ] R X 1/2 7 e - : '>3 si/h| >5 ST C1/4 81/2 53/ c,;
recovery ° O3 1/2 & X/‘* 11/e
2 1/u
% 1/2
Loading A, modification A Loading A, modification B
! i Against Neutral Lk
Al A 5’ eu
erons gainst Neutral 175 m]. ga: 1/3 i
Elevators K D U D U U N D U |N§ D D |U [N [D U U N D
(a) |(s)
a, deg b 43 55 23 21 3, 46 18, ¥ | 1, 52 25 26
g, aeg ) & | ¥ N 3D o I T L w | ¥ | ¥ | N IR e 2 E) 5
o {2) [} o o o ] ) o o |o
Q, Tps 0.40 0.31 0.38 | 0.6k | o.70 0.64 0.51 0.41 0.60 | 0.6k
v 8 s s 8 s X s s 202 | 8 8 8 |8 304 2L6 349
» fps }; 1; 277 = 5 5 277 2k5 237 277 1; 1; 1; 1; ; z; 336
1 1 1 1
Turns n n 11/4 n n n 2 41/2 1/2 3 1in n Tla |{n |n |n - it - 2
for] 13/4 >3 | 5 " o - “ - -
recovery

®Two conditions possible.
t’Ret:avex‘y attempted by neutralization of the ajleroms.
CModel recovers in an inverted dive.
Model oscillatory in pitch.

©€Recovery attempted
1,

Y

by simul

by neutralization of the elevators.
reversal of rudder and elevators.

8Rez:ovez-y attempted by simulatenous neutralization of the rudder and aileronms.
hRecavery attempted by simultaneous neutralization of elevators and aileronms.

i

A’Recovex'y attempted by reversal of the rudder from full with to 2/3 against the spin.
k\!pon recovery, model goes into an inverted spin.
1Upon recovery, model goes into a spin in opposite direction.

MRecovery attempted by simultaneous reversal of rudder and elevators and movement of ailerons full with the spin.

Recovery attempted by simulteneous reversal of the rudder and movement of ailerons full against the spin.

PRecovery attempted by simultaneous reversal of the rudder and movement of the ailerons full with the spin.
ORecovery attempted by simultaneous neutralization of the ailerons and reversal of the rudder. )

p"andering spin.

%Model oscillates in roll, pitch, and yaw.

"Visual estimate.

"Recovery attempted before model reached final steeper attitude.

"Steep spin.
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CHART 6.- SPIN DATA OBTAINED WITH MODEL 6 - Concluded

Loading A, modification C Loading D, modification A
With Against
Neutral With
Allerons Against Neutral 1/3 Fail 1/3
Elevators |U | N | D uln|p| u u N D u N D e u N D u N D
a, deg . 5 59 iy % 43 51 43 19,33 18 53 38 37 47
¢, deg o | 0|3 68| 0|0 | o |60, 50 O 3D , 1kp 0,11U 2u U U 0,11D
Q, rps 0.51 0.38 | 0.45 0.50 | 0.80 0.36 | 0.38 | 0.32 0.31 0.31
8 8 8 8
Vv, fps by : Zols ] 267 | 245 217 | 214 | %0 258 227 297 | >300 290 |>300 246 >300
1| 1 O TR e - -
T;n;:s SO R Ve (R ] s e| = = 1/4 >6  |Jd3m 1/k 1/2 i 11/% o
recovery % J>T o ® © 1/k ® >8 J3/" /4 3/h 11/2
Loading D, modification B Loading D, modification C
Against Against
Ailerons 173 Neutral With Full 173 Neutral With
259 2 250 gy 2
D o f2 | o N D U N | D
Elevators U u N D §U (g) () N N D D u N U N 2
33 43 34 36 23 45 48
sl ¥ [ s S L S 8 | 80 il
1D Ly 1D 1hy 15U | 20U
fraeg [ [ | p 60 | 0 s | 8D 150 | 22p d
2, rps P 0.35| 0.36| 0.40| 0.45) P 0.4 0.44 0.54 0.42
v, fos | 2 [337] 227|221 336 | 283 [ 313 | 252 23] 1 210 395395 |>300 | 212 | 215 | >300 [ 3300 | >300 | ko [>300 [ 5300 [ >300
L. 0 I R N VY VN B LU S SRV SUN IRV I B VPN IEVZY IEV2Y R/ PRV IV BV
for .
recovery T TR B G T (A (R ST BT LA IV Ga| ae| 3| amfeapf 1|
2 1/4 Ty 1/4

<
Model recovers in an inverted dive.
4 Yy at by r rsal of the rudder from full with to 2/3 against the spin.

pwanderlng spin.

*Visual observation.

sRecavex’:/ attempted before model reached final altitude.
*steep spin.

“Upon recovery model goes into a wide spiral.
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CHART T.- SPIN DATA OBTAINED WITH MODEL 7

NACA RM L50L29

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in clean
condition; right erect spins]

Loading A, single vertical tail

Against With
ilerons Neutral
As Full 2/3 1/2 1/3 1/k 1/3 Full
1 2 1/5 1 2,
Elevators {,5 N {,3 l/J {,5 N u N (,3 u N
a,deg N N N N N N N N N N N N N N N N N N
o o o ° o ) o o o o o ) ) o o o
#,deg
= 8 8 S S S S S S 8 s s s 8 s s s S s
,X7) P P b ) P 13 P p P ) P P P P P P P P
V,tps 1 i  § 5 1 1 1 1 1 it i 1 1 1 1 1 1 1
2 n n n n n n n n n n n n n n n n n n
Loading A, modification A Loading B, modification B
Against With Against With
Ailerons Neutral Neutral
Full 1/3 1/3 Full Full 1/3 1/3 Full
D 2/3 2/3 u 2/3 2/3
Elevators [ U N (a) (a) U U N D v| U | N |D (a) (8) u D & U | N |D o| Y| ¥ [P
a,deg | N 81 T N i N N N N il N N 81 N N N N N N N N N N |N
L o = = ) = [} o o o|l o | o |o = o o o o o | o |o ol of o |o
ds
¢, £& s 8 S S S S s S 8 S 8 S S s s s S 8 S |8
a,rps | p | 0.33 0.26 | p| 0.26 b P b p| 2 |P |P | 0.3 b b b3 ? PP |P AR b
1 ot 1 1 1 1 1 1 1 1 1 s i 1 1 i 1|1
Vifes | p 188 186 n 192 n n n n| o |n |n 198 n n n n n [n |n n|af|nin
|

&rwo types of spin.
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S
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CEART 8.- SPIN DATA OBTAINED WITH MODEL 8
[Fodel 1aunchea erect witn spinning rotation to right, rudder full right, indicated controls reversezg
- Elevator
Flight path after
Toating Moairi- | SERHINE | Atleron e Flight path after full |  simltaneous full Flight path after
cation setting COREEO. rudder reversal reversal of rudder full elevator
movement reversal Severial
if any and elevator
A None Full up Full Extremely oscillatory; Made from 1/4 to 3/4 of | Made from 1/4 to 1/2 of | Made 1/4 of a turn and
against alternate rolling and a turn and went into a turn and went into went into steep glide
yawing motion stalled glide steep glide or dive or dive
A -do- e do=r Neutral | Very oscillatory, inner Made from 1/4 to 1/2 of |Made 1/4 of a turn and Made from 1/4 to 1 turn
wing dropped and model a turn and went into went into steep glide and went into steep
yawed into spin stalled glide or inverted spin glide or dive
A -do- ---do--- | Full with | Extremely oscillatory; Made 1/4 of a turn and |Made 1/h of a turn and Made from 1/4 to 1/2 of
alternate rolling and went into a stalled went into dive a turn and went into
yawing motion glide steep glide or dive
A -do- Neutral Full Pitched and rolled onto — S —
against back; went into left
spin when launched with
rudder against rotation
A -do- —=edOm-mm Neutral Very oscillatory, inner Made 1/4 of a turn and o s
wing dropped and model went into stalled
yawed into spin glide
A ~do- ==-d0--- | Full with B Made 1/4 to 1 turn and — -—
went into stalled
glide
A ~do- Down (10°) | Full Pitched into dive p— === o
against
A ~do- . Neutral Extremely oscillatory; Would probably have gone o ==
alternate rolling and on its back after
yawing motions approx. 1-1/2 turns
A <do- ---30--- | Full with -mmd0-mo Made 1/2 of a turn and --- oS
rolled on back
A A Full up Full Stalled glide — — =
against
A A . 1. Y Neutral ——=d0--~ _— — Went into steep dive
A A —e-d0--- |Full with PR — — Went into erect spin or
inverted dive
A A Neutral Full R —— — —
against
| A A ===d0=== Neutral ——=d0-—m -— — -—
i
A A ~=-do- Full with ===00==u — — —
A A Down (10°) | Full Pitched into dive - --- -—
against
> A A —==dOo=-~ Neutral Extremely oscillatory; Made l/‘o turn and pitched -— ——
alternate rolling and into a dive
yawing motion
A A e R Full with e St — — ——
A B Full up Full with | Stalled spiral glide Straight stalled glide -— m——
- approx. 1/h turn after
reversal
A B ===d0-== Keutral =--do--~ -==do--~ —_— —
A B . et Full —medO--n ===do--~ -— -—
against
A B Neutral Full with |Wandering, wide radius Stalled glide 1&- turns — -—
Epin after reversal
A B ---do--- | Neutral —==d0-mn Stalled glide 3/4 turn B -
after reversal
A B -==d0==~ Full B e Stalled glide 1/2 turn — -—
against after reversal
A B Full down |[Full with Spin very oscillatory in Same as before reversal — ——
(20°) pitch and yaw (made
approx. 1 turn in flat
attitude and 2 in steep
attitude, then repeated)
A B ---do--- | Neutral |Steep spin Went into inverted - —
stalled glide approx.
1L turns after
A B —m=d0=mm Full Went inverted — — s
against
B None Full up Full Periodically pitched from |Steep glide, extremely -— -—-
(30°) against a flat to a steep oscillatory in roll
attitude and pitch
- B -do- R Neutral Stalled glide, extremely Same as before reversal
oscillatory in roll
B -do- —=edOm=— Full with Spin very oscillatory in Made 1/2 of a turn and — S
roll and pitch went into stalled glide
\
|
-
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CEART 8.- SPIN DATA OBTAINED WITH MODEL 8-CONTINUED

NACA RM L50L29

e Flight path afte
setting Description of model 2
Loading "°‘:1‘f" prior to “i:"“ motion before control Flight path after full 5“““1“‘1’9"“’ full Fxﬂmef:‘::t::t"
cation movement petiing reversal rudder reversal reversal of rudder eraal
if any and elevator reversa.
B None Neutral Full Rolled and pitched on' back [Rolled into dive _— -—
against
B -do- ===d0=-~ Neutral Stalled glide, very oscil- | Same as before reversal —— -—
latory in roll
B -do- --—do- Full with ==-do=== 2eado== e —
B -do- Full down Full Rolled and yawed into dive | Stalled glide, extremely ——— ——
(10°) against or onto back oscillatory in roll
B -do- ===40-=~ Neutral Stalled glide, very oscil- | Stalled glide —— —
latory in yaw and pitch
B -do- --=d0--= Full with Stalled glide —_— —_— ———
o} -do- Full up Full Stalled glide, extremely Stalled glide, very -— -—
against oscillatory in roll, oscillatory in roll,
pitch, and yaw rotation stopped in
turn
c -do- —--d0--~ Neutral R F— Stalled glide, extremely === —
oscillatory in roll;
rotation stopped in
3/h of a turn
c -do- -=-do--- Full with | Stalled glide, extremely Same as before reversal _— -—
oscillatory in roll
c -do- Neutral Full ===d0-~= ===-do--~ _— -—
against
(o -do- e o Neutral Steep dive Stalled glide, very _— s
oscillatory in roll
c -do- —==30--- Full with | Stalled glide Same as before reversal ——- s
c -do- Full down Full Model yawed and pitched —==d0==~ -— e
(10°) egainst into steep dive
c -do- ---do--- | Neutral |Steep glide, very oscilla- |Stalled glide o 2z
tory in roll
c -do- -==d0=== Full with | Stalled glide, sometimes Model went into dive E=s -
dived into inverted
position
D -do- Full up Full Stalled glide, extremely Stalled glide, very -— —
(30°) against oscillatory in roll, yaw,| oscillatory in roll
and pitch
D -do- R Neutral —==dO=mm —==do--~ —_— =
D -do- —==d0=mm Full with —==d0-== —-=do--- _— —
D -do- Neutral Full Model rolled and yawed into |Same as before reversal — —
against steep dive
D -do- R Neutral Moderately steep spin, very|Made 1% turns and went —_— —
oscillatory in roll into steep stalled
glide
D -do- ---d0--- | Full with | Stalled glide, yawed and Stalled glide — ——
banked
D -do- Full down Full Rolled and yawed into steep(Dive p— ——
(20%) against aive
D -do- R CEE Neutral Very oscillatory spin, Made more than 1 turn and —-— -—
whipping motion in roll went into dive
and yaw
D -do- ===d0-~= | Full with ——=d0-== —— -— —
E -do- Full up Full Violently oscillatory in — —— —
against roll, yaw, and pitch
E -do- -==d0--- Neutral Stalled glide, very oscil- —— —— ==
latory in roll and yaw
E -do- -==d0=--~ Full with | Stalled glide, very oscil- -— —_— —
latory in roll
E -do- Neutral Full Pitched and rolled onto —— _— =
against back
E -do- -==d0=-=~ Neutral Stalled glide, very oscil- —— e ——
latory in roll, sometimes
rolled onto back
E -do- ===dO=-m Full with | Stalled glide, very oscil- —_— — —
latory in roll
E -do- Full down Full Rolled and pitched onto — _— e
(10°) against back
E -do- ~do--= Neutral Rolled and pitched into —— -— e
vertical or inverted
position
E -do- ---do--- | Full with [ Stalled glide, slightly — L - ——

.oscillatory in roll
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CHART 8.- SPIN DATA OBTAINED

WITH MODEL 8-CONTINUED

58

Elevator
Flight path after
o Modifi- setting 43 gon Description of model Flight path after full Sl tanecus taid Flight path after
ading Zitiin prior to PR motion before control o Saversal of +iader full elevator
movement reversal Sz reverRal reversal
and elevator
if any
F None Full up Full Stalled glide Stalled glide, oscilla- —— ——
(30°) against tory in roll
b 4 -do- B Neutral P T - Same as before reversal —— —
2] -do- ===do~-~ | Full with ~==dO~m= Dive or stalled glide —— —
F -do- Neutral Full Steep wandering and very Same as before reversal — _—
against oscillatory spin with
whip
F ~-do- —m=dO=m Neutral —mmQOmmm Went into a steep dive —— —
in greater than
]117 turns
). -do- -==d0o--- | Full with e L — — —
r ~-do- Full down Full Steep spin, extremely Same as before reversal — —
(10°) against wandering and oscillatory|
F -do- B Neutral Steep wandering and oscil- [Went into inverted dive — ———
latory spin with whip
r -do- -==do--~ |Full with -==d0--~ Same as before reversal — =
G -do- Full up |Full with [Stalled spiral glide — -— i
G -do- —=edO--m Neutral Stalled glide — — —
G ~-do- m—mdOm—— Full ~==do-= — — —
against
G -do- Neutral Full with |Spiral dive — — —
G -do- R 7 - Neutral |Made 1/2 twrn, dived a Same as before reversal — —
short distance; motion is
repeated
G -do- PR, 1. . Full Very oscillatory with wide [Made 1/h twrn and glided — e
against radius; might be spin or (moderately steep)
spiral glide
[} -do- Full down |Full with |Wandering spin with large |Made 1 to 2% turns amd — —_—
(20°) picchﬁgeoscimtiou; ~eat Suto Drwried
Y P spins
G -do- —mmOmm Neutral ===d0-m- Same as before reversal -— -—
G -do- e lOm e Full Pitched into inverted spin — — —
against
G A Full up Full with |[Spiral glide -— — —
G A R Neutral R — — —
G A ~==d0--~ Full ~=vdOm-m —— — —
against
G A Neutral Full with ===G0--= Seme as before reversal — ——
G A e Neutral ~-==d0--= ~==dOmmm — —
G A . 7. - Full Wandering spin; one yawing Made 1/2 turn and went — —
against oscillation per turn of into stalled glide
spin
G A Full down |[Full with |Spiral dive [Mede 1/‘1 turn and vent — ——
(20°) into inverted dive
G A ---d0--- | Neutral —eed0mmm Mede 3/4 turn and went — e
into inverted dive
G A Full Went into inverted spin — -— —
against
H None Full up Full with |[Stalled glide — — —
H -do- e Reutral ——ed0-—m -— — —
H -do- e =dD-mm Pull e elOm e —_— — —
4 against
H -do- Neutral Full with |Wide spiral glide oscilla- |Same as before reversal -— —
tory in pitch
E -do- ===d0mm=m KNeutral ===d0mmm e -— -—
: ¢ -do- O Full (Wide radius spin Made 1/2 turn and dived — -
against
H -do- Full down |Full with |Spin, oscillatory in roll, |Same a~ bafore reversal — —
_ (20°) pitch, and yaw
H -do- -=-do--~ Neutral Spin, oscillatory in pitch ~==30-=~ -—- —
and yaw
H -do- = dOmmm Full Spin, oscillatory in roll, [Made 3/k turn and went — —
against pitch, and yaw into stalled glide; or
made 1/4 turn and went
into steep inverted
dive

T
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CHART 8.- SPIN DATA OBTAINED WITH MODEL 8-CONCLUDED

NACA RM L50L29

Elevator
Flight th after
setting Description of model ght pa Flight path after
Loading Modifi- prior to Alleron motion before control Flight path after full simultaneous -full el e aron
ca’.ion movement setting reversal rudder reversal reversal of rudder e
o and elevator
I None Full up Full with | Went into a stalled glide -— — e
I -do- ---do--= Neutral —==dOmm _— = ——
25 -do- -=-d0--~ Full ~--d0-== -— e =
against
I -do- Neutral Full with [ Steep spin Same as before reversal - -
I -do- —==d0=== Neutral -==d0-=~ =do--~ — -
T ~do- ——-do--- Full ——-do--- Dived out after approx. s =
against 1 turn
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CHART 9.- SPIN DATA OBTAINED WITH MODEL 9

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition with the landing gear extended and stabilizer setting zero and recoveries vere]
attempted by rapid full rudder reversal: right erect spins

Loading A lLoading B Loading C
Ailerons Against Neutral With Against Neutral With Against Neutral With
Elevat u | o L] I e I ul| o u N [D| U u | ulon D| u | N D
) (a) | (a) (a | () | (@] ()] () | (a) (ad) | (s2) | (9) ® | @[ (@ | (] @ (a)
a, deg - - - - N - - - - - - N - -- - - - - - - - - -
g, deg - - - - o - - - - - S || -- -- - - - - - - - - -
Q, rps - - - - s - - - 5 & Sailks — - = = = & - = = - =
v, fps >245( - > 245> 245 11’ > 245) >245 | >245 [>245 | > 245 | >2L5 f >2k5 | >245 [>2h5 | - B o5 |>2b5 |[>2h5 (5245 >aks | - [>2k5
Turns b ! 5 1 e - 1 1 1 1 3 1
for - o - 2 = - 2= _ _ - 5 - |mpl - |m2d o= N 2= | mpz 5 m ol
recovery b Y 2 2 | %2 mzh e 22 Eu
Loading D Loading E Loading F
Allerons Against Neutral With Against Neutral With Against Neutral With
Elevators | U D U N D u D U|lN|l D D u N D U N| D u N D U N D U N D
(£) (£) | (&) | (a)] (£)f (=) | (£) (28) | (&) [ (2) [ (£)]| (o) [ (£) () | () | (£) ()| () | (£) (f)
a, deg - 28| - - - - - -1 - - 58| - - - - =l = = - 53 - = = 43 38| -
@, deg - U| - - - - - -1 -l - | - - - - - - - - 2D - - - 5D ™ -
2, P8 - Jo.61] - > - -] - -1 -1 - Jo.53] - = = | = == - =l G S - |o.66o.80 | -
V, fps bols | 162 |>245| >2h5[>2L5 [ >2k5b245 |>2k5] ~ poks 89 [>2us5bous [>ous [>eus| - baus [ >2uspoks [ 10k [>2k5]>2450245 | 147 ( 169 [>245
Turns 1 1 - L Ll m ok 3% 1| mol = L
i noy 3 ngn me,‘-me% mzé mag mz% - = mzém% m2t|m2l mzﬂ- m2linol| = |mol{molfma}| = m2l
recovery
Loading G Loading H Loading I
Allerons | pggyngt Neutral With Against Neutral With Against Neutral with
Elevators | U[ D U N D U |[D U D J N D U D U [B| K D U | N D|U N | D
(1) (2) | (a) (2) (£) (3x) | (30 | (£3) | (3) (1) (a) |(2) (v) (a)
a, deg N - - - - L3N - 69 - - - 39 - - x; - 67| 43| 62 9| | w5 -
o
ool e = 5 o = w| - s o] - S ~ | m| of m| 2»] | o] -
a, T8 B = = = = 0.88 |8 = 0.72 < = = 0.57 i = 8 - lo.78] o.6x]0.71 [0.73]0.68 [0.66 | -
v, fps ‘; >2Lk5 [>2k5 poks |>245 147 ‘; 245 116 |>245 [>245 |>245 184 [>2h5 [>245 ’1’ 184 [ 122] 202 155 145| 158 | 184 [>2L5
Turns n 223 5
for m2 meé mol |< 2f 8 meé ® |m2g [m2f mz-% mop| >2 - 3| = CH =i = | -
recovery 4 8
Loading A Loading C Loading F ﬁ;"ifi‘;f;fliiﬂi
leading edge f stabilizer 30° down leading edge of stabilizer 30° down leading edge of stabilizer 30° down bilizer 30° down
A tezonat | et Neutral With Against Neutral With Against Neutral With Against
Elevators | U D U N u D U D u N D U D U| N|D U N D u D U| N D
(c) (c) (c) (c) (c) (c) (=) (c) (x) | (£)
a, deg N = = o bl 2 || ¥ - - - - = - -|5] - - - 8| 4|[N|N -
4,ae | °| - = = 3D ap | °| - z z = = — R P e S w2 @
2, rps 8 = = - 0.57 [ 0.77 s = - - - - - s| -|s - - - 0.2 0.2 5| s ~
v, fps 1; = = = 87 87 !" = = o - > 245 - 1; - l; >245 |s245 boks | 125 | 124 1; 11’ 191
n n n n n n
Turns
o >el
for hg - L B - hs By hy hs [ m 2,1.- hs - m 2& m 2% = - 6%
recovery
Loading I Loading I
rudder-against spins leading edge of stabilizer 30° down
landing gear retracted landing gear retracted
Ailerons Against Neutral With Against Neutral With
ulx| » |U N D U N D |(u|lF|D D U D U N D
Elevat.
T (2) (] @
a, deg N| N - N - - - - - N| K|KL - 50 - 64 - 65
¢’ deg o| o = ) = = = = = ol ofo = 2D = 0 = 1
Q, rps sl s ” s = z B % - 8| 8|s - lo.72 - p.68 |0.77 .84
Pl P b3 p|P|P
v, fps il |7y || g (B 165 | 149 160 195 |>245 | 1| 1|1 173 | 216 - 160 | 1k2 | 136
n n n n ni|n
Turns
for - - - - - - hg Yg - - = =
recovery
SSteep spin. Byhen launched in a flat attitude with the rudder against the rotation,

PRecovery attampted before model reached final steeper attitude
CModerately steep spin with increasing radius.
dModel attitude d1d not change after rudder reversal.

€8low recovery.

rsteep spin with increasing radius.

8Two types of spin.

the model ceased rotating after indicated number of turns.
1st:eep spin with small radius.
Jwandering spin, rate of rotatioh varies.
kWide radius of spin
UTywo conditions possible.
™he model recovered in less turns than indicated.
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CHART 10.- SPIN DATA OBTAINED WITH MODEL 10

NACA RM L50L29

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal, propellers off except]

where indicated

Loading A, left erect spins
Against
Ailerons Full 1/2 1/3 1/4 Neutral With
0 2
Elevators U N D D 3 U 3 u D D U U N N D U N D
(=) (a) (2) ) | (a)tw) | (@) (v) (b) | (a)(®) | (») |(a)(®) (2)
68 69 65 h 6| Bl T D
o, deg 82 7 76 | -=--- 85 === = " gollls T2 T Soce—
N
o ™ ™ Lp 6D . o ) 2 | 3| 3| S
9, aeg U 50 W | T 3U : Ly 2u 3U
s
q, ros 1; 0.71 0.59 0.60 ||\==== 0.78 s 0.61 ;1) 0.41 0.55 050 Il — s 0.56 | -==== | -==--
V; fps n 182 194 196 | >304 196 >304 199 = 262 199 274 >30L 210 >304 | >30k
Turn! gie Se a. i
L ® 2l 1
for i © ol i>h 1/2 <13 w 11/ he [M1/2 41/ = 4 4
recovery 1 1/2 11/2 >5gl/2 ‘ L a4 s
@
Loading A, right erect spins
B Against With
Neutral —
Ailerons Full 1/3 1/3 Full
i 2 2
Elevators U ul | D 2y N D 3 U 35U U N D
L e | 3 ) (v) (a) (1)
61 ‘ k2 5T
a, deg | | emmmeee 89 S 50 ||issEsssss )l i=mme 63 | T | mmemmee | mmms
N 150 | e T I [ - L
#, deg o | T 10U = ! 6u A ===
0, rps s 0.72 0.52  |[=mmmmmmmm | oeee- { oD || et || e 0.52 0.51 S
ey e 2 68 188 > 304 >338 \ 274 >370 >332 2Ly 2Lk > 30k > 30k
n
Turns d,e3/h d1/2 » a4 d,ep e‘,g . d, d3/h
= o w A a q
reczzery d’el 1/2 dl 3 3/4 283 2 1/2 dl 1/2
b Loading A, right erect spins, stability
Loading A, left spins () 2
propeller,pitch e flaps deflected 25~ down
Against With Against With
Ailerons 1/3 1/3 , Full Full 1/3 Neutral 13
2 [ 2 ‘ ‘ 2 3U
Elevators 2y 3 u 3 u | u U N D D =U u N 3 U N
3 () [(® | (a) (a)(3) | (a)(b) (a)(v) 3 (x) (a) (x)
[ w | 70 6k 50 10
a, deg | 57 18 86 79 57 l======== — L e [
" LA 0 N 3D 120 Lp N LD
¢, deg L) © TU 5U o hif 8u U |- o ——r Wp |l SR —————
1, rps s s | 0.33 0.30 [ s 0.45 0.52 0.45 0.4%0 s L 0.36 0.k%0 0.k2
= ? D e P P
Vv, fps ’11 ,i, sl | ol i 177 199 233 227 111 >3%0 280 262 >370
n
Turns <o [z 55 > 13 :>1 1/2 [>31/2 >2
rv;:::ery : >6 = 2 el /4 3 >3 >6 >3
: 1Ay

80scillatory spin; range of values or average value given.
bTwo conditions possible.

CRecovery attempted by simultaneous reversal of rudders to full against the spin and stick

to longitudinally full back.
dRecovery attempted before final steep attitude.
“Recovery attempted by reversing rudders to 2/3 against the spin.

rRecovery attempted by simultaneous reversal of rudders to full against the spin and of stick

to longitudally full back and laterally full against the spin.

BRecovery attempted by simultaneous reversal of rudders to full against the spin and of stick

longitudinally forward and laterally full with the spin.
Mvisual estimate.
iyide radius spin.
Wanjering spin.
kSt.(-:.p spin.
lModel recovers in a steep dive.
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CHART 11.- SPIN DATA OBTAINED WITH MODEL 11

spin data are for rudder-with spins of the model in the clean
empted by rapid full rudder reversal, elevator U, N, and D
right erect spins|

[Unleas otherwise indicated, steady,
condition and recoveries were att
signifies stick positions of back, neutral, and forward,

Loading A, rudde
Ty Lonting & fonsing 1, Fiaps dow 15°
Ailerons Againsy Neutral With Against Neutral With Against Neutral With
U nal Dhly N|D|U N |D U|N|[D ulx| o N o (0 A B i 8 | 0 B0 1 o ) 8 |
Elevators | (o) | (a) | (a) [ () | )| ) [ (o) | (o) (o) | (@) | (a) | () | (@) [(a)](a) | (B)| (b) |(D) () (dg)|(ag)] (a)j(a)] (b)
a, deg z = = = = 2 = - = = = - |8 |8 | 83 - - - |90 90 | 81 | 84/88]| 86|84 - -
X 3 ~ 41D (39D 32D 36D (20D3D | 8D hop
4, deg - - -l - -0 -1 - -1- [300[3u]| 20 - | - [- |3 |6 50ufesu 30 |iao fea| - | -
Q, TPS = B e - -1 - - - - | -] - [0.13p.08|0.10] - - | - p.69 |0.04{0.22]0a80.% [0151039) - | -
V, fps = === -1 - |- - -1 -1-1- [@=aj12]18] - - | - |07 {113 |123 ]118}118[116 118} - | -
Turns for
recovery| - - - - - - - = = - - - eé— e% e% - - B e e Bt el R Bl P -
Loading B Loading C Loading D
Ailerons Against Neutral With Against Neutral With Against Neutral With
u|N|D u| N| D ul N |[D u|x|D U |®|D U N plu | ¥ |D u| N| D [V |
Blevators'] (=) (a) | (a)] (a)| (a) | (b) (v) | (a) (a) | (@) (a) | () (v)| (a) (a) | (a)] (&) (v)
«, deg - - - - - - - - - - - - 82 - 80 - - -1 - - - | 8 83 - - -
SN | O e | A R 330 300 l19p | uep
g, des - S| RS | oo | (5 | 260 | et | ] | | e 2w 1o | S | R
, rps = = = - -1 - -1 -1- - | - - [o.10f - |o0.12] - - -/ -]-1]- |0.08/0.06] - =) -
v, fps - - - - - - - < - - - - 18| - |u8| - - -1 - - o] ol B = ) [ = ~
Turns for e e e e
o e SO I N (G RO R B O QR O - YRS O B R RS
i
Loading E Loading F Loading G
|
Ailerons Against Neutral With Against Neutral With Against Neutral With
P B e s K| D U| N D| U [N D|U|[K D| U K p{ u( X{D (u{K{ D|D|U|RK
Elevators | (,) (a) | (a) (a) | () ()| (a) (a) | (@) (a)| (v) (v){ (a)| (a)|(a) (g) (&) | (n) [(n)
a, deg -l -1-1- -1 - -1 - -1 -1- - | 16]-—1T] - - -1 -].-1-15]|57T| %] 6] - | -
. 22
8, acg S U R [ N (U e [ (R e I e e -1 e e T O I R T - I I Y B
Q, rps = = = - - - - - - - - - [008] —m | == - - - - - | - P15 pa15/020] .- | - -
Vv, fps == i -1 - -] - S - [123|123 raa | - - -] -1 -1- hesheoh3s|13zs]| - [ -
Turns for e el t% !
e 1 |e ¥ |
recovery| - | - | - | - == =S =S = 11; 3 11; = = = = [ 13;?10 r1|-|
2|
Loading E NACA
Ailerons Against Neutral With
Elevators U N D u N D u . D
o, deg  |---- | 58| 46|58 |52 | M |32 |33 |35
#, deg ——- | 8u[1%u | 5u | 6U 120 | W |6U | 9U
2, rps 0.39 |0.38]0.50[0.51 [0.39 [0.42[0.43 o.k2 |0.46
v, fps 123 | 129] 135| 118 123 141 | 160 157 | 160
Turns for ) 1
recovery| « >5 | = o @ w >2§ >h§ «

80gcillated violently in pitch and roll. Rate of rotation decreased as the violence of the oscillations increased.

Prnitial rotation stopped. Fuselage remained approximately horizontal.
CInitial rotation stopped. Model then began to rotate in opposite direction and oscillated violently in pitch and roll. Rate of rotation decreased
as violence of the oscillations increased.

doscillated in roll.
©Fuselage remained approximately horizontal after rotation stopped in number of turns indicated.

fModel nosed over into steep dive after rotation stopped in number of turns indicated.
8Two types of spin.

hs14d around with large radius. Nose approximately 40° below horizontal.
1811d around with large radius. Nose approximately 40O below horizontal. After a few turns nosed over and went into inverted.dive.
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CEART 11.- SPIN DATA OBTAINED WITH MODEL 1l (CONCLUDED )

NACA RM L50L29

Loading A, Loading A, Lot
o ading A, freely rotating
Loading A, landing condition Loading A flaps down U5°| Loading A flaps down 45° propeller installed
fi tion
BT Amsinst evteal Hith ModiA cation Modi:icatian Modi;icﬂ 0! Modlgicatlon Aeninst — vien
U n Pl U |XN i) U u ko u X D u N D u N D Ul N D u N Dl U N D U N D
Elevators [(q) | (a) | (a)| (@) |(@) |(a) [cv) )] ()| ) (] (@) (@] () [ [Q) | (x)] () (x) |(a) | (a)] (a) (a)](a) | (e)f (e)] (®)
a, deg 83]| 80|68 | s2|89| B]|-]| -| - - -] -[®B]| B -]-1]- -|l19|8)|-|-]-|-|-[8]8]-]-]-
39D| k42D | k1D| 21D| 16D| 20D 16D| 21D 41 D| 28
g, aee |357u| veufwww|osuf 23u| 18u| - | - | - - | ||| | || e || - [ || " §fu HEE
Q, rps 0.13| 0. 1440, 17[0. 17}0. 1.3; 0.14| - - = - - - [0.110.11| - = - - l0.310.27] - - - -| - lo.o7|0.10| - - S
v, fps 123 [ 121 [ 121] 121 118} 121f - - - - - = 116 116 - = = = 107 107} - - - -|121f 121| 118 - - -
Turns for| 1]|e.3 e e. e3 | _ ~ ~ . N _ [ileya] e . 13| e] |e1| e
recovery|>35 | 1% 220|ed 2 T lu 2 N - - 23 2 - - - Sl 2 ) = = E
Loading A, modification C Loading A, modification D Loading A, modification E Loading A, modification F.
Ailerons fgainst Neutral With Against Neutral With Against Neutral With Against Neutral With
Elevators | U N|D| U|N p|u| N[D|] U[ N|D|] U| N(D|U | N DU [ =Di N D U| N D| U N| D u N D U D
a (J) (3) (a) (m) (m)] (a) (a)|(a) | (@) | (b) | (b) ()| (a)|(a)] (&) (n)| (n) | (n) [ ()] (D) (b)
a,deg—-——--—-----—---—----7680----—————----
ae = 1 | o [ O R SO 1 A OO | | i o | S [ 05 | R | = 34D 34D | _ ol ] [ P H [ s _ . . |
#, deg 19u | keu
Q, rps - s lE e EEE E I EE = = EE = R e ek = - -1-1-1T-]- = = = NS
v, fps - sEEEEEREE R = E S 2= =222 -l -] -] --1- - - - =| =] -
Turns for| _ | _(_| _[_[_.]| - U ] S|y | P o e sy [t
recovery - = 2l | | ] St - S
Loading A, modification G Loading A, modification H
Ailerons Against Neutral With Against Neutral With
u N D U N D U N D|U N D u N D u N D
Elevators (a) (@) (b) (a) (a) (v)
a, deg - - |- o A - - -1 - = s = 2
12p 20D
d = - = 2 = - - = - S - = - = = =
9, ceg 9u 300
Q, rps - e - = - — = = - - - = - - ——— - - -
V, fps = == = EE - = =T- S e -
Turns for | _ ol el ~ N R | o[
recovery " | | - ==
B0scillated violently in pitch and roll. Rate of rotation decreased as the violence of the oscillations increased.

BInitial rotation stopped. Fuselage remained approximately horizontal.

CInitial rotation stopped. Model then began to rotate in opposite direction and oscillated violently
as violence of the oscillations increased.

dpscillated in roll.

€Fuselage remained approximately horizontal.

JInitial rotation stopped. Glided forward rapidly with nose approximately 15° below horizontal.

KInitial rotation stopped. Model nosed over into steep dive.

1Glided forward rapidly with nose approximately 15° below horizontal.

Mnitial rotation stopped. Glided forward for a few feet 3!

DInitial rotation stopped. Glided with slight rotation to right. Fuselage approximately horizontal.

in pitch and roll.

5° below horizontal and then nosed over into a steep dive.

Oscillation in ro.

Rate of rotation decreased

11 of approximately +25°,
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CHART 12.- SPIN DATA OBTAINED WITH MODEL 12

41

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal; elevator U, N, and D
signifies stick positions of back, neutral, and forward; right erect sp:

Loading A , right spins Loading A, left spins
Ailerons Against Neutral with Against Neutral with
£l U N N |[D|Free| U (N | D |Free| U | N [ D |Free( U | N | D|Pree| U (N | D|Free| U [ N D | D [Free|Free
evators | (a)| (ab)]| (be)|(c) (d)[(a)](d)] (e) | (d) (d)] (d)](a)](a)](e] (e)l(d)|(d)i(e)l (c)l(d)f(d)]|(bd)|(bi}(bd)| (b)
940 1. 95 91 |76 3| 88 83 |82 |9k 66 |86 3 |97 " 79
a, deg 74 | 59 LA 58 ZZ 62 5 ZZ 57 |54 |55 5k |69 2 Zh Zl i s
6u| ou | ¥ [¥ | ¥ |igu|220{19u|18u [180 6u | 10U |10U NI N oy |usu[¥ [ ¥ |120] 290|200 11y ¥
#, deg  |gp 117p | © |° | © |18p| 5p|12p| 7D |19p|==|18p|15D | 6D[27 |° | © |12p|15D|° | © |12p o) ' || 29| ©
s s s s s s s
0, rps 0.19( 0.15 E ;1; ;; 0.190.21/0.26 0.20(0.200.130.21( 0.21 |~~~ (0,11 ;; ;; 0.130.11? g 0.15(0.09(/0.16 [ --~-[0.16 ;
i
v, fps 182182 | 2 |® [ ® |182|171|274k|a71 |171)|271f272| 266 |a7g9f17af® | ™ |apaja7a|™ | ™ |171| 261|171 [---|1285 |
Lete e oy |01 |@a2| g2 [od [£2 (52 [n 2 |22 |od ol |rl o ot |55 2
£ - - - - - < ) T -
B E s bl 222 |a3 2|22 L|E Lik|n L
Loading A, wing-tip trimmer
Loading A, wing-tip trimmers used used in conjunction with
Loading A, wing-tip trimmers in conjunction with the rudders, the elevator. 2 to 1l
used in conjunction with 1 to 1 deflection ratio betwsen deflection ratio between
the ailerons, 1 to 1 deflection the rudders and the trimmersi. the elevator and the
ratio between ailerons and Trimmer moves up as adjacent trimmers ., Trailing edge
the trimmers rudder moves outboard. of trimmer moves up as
trailing edge of elevator
moves domn.
Allerons Against With Againat Neutral With Against | Neutral With
et U|D|Free| U D D Free|U | D|Free| U | N D |Free| U N D Free|Free| J D U D ) D
evarers le)fe)| (e) [(a) [(av)| (o1)| (a)|(N(I)] ()] (I (k) (3) [ (@) [(a) | (3) [(ad)[(bJ))(e) |(e) [(e) | (a)|[(a) [(a1)
L | 78 71 81 88 74 60 2 2
a, deg N|N| N 25 59 |~°°7| 56 |N [N | N K 71| N N 65 | go | ¥ bi| w N N | 87 %u 23
o |o o o |o o o o o o o ] o
g, deg i (5 29| 1wl ___ | 2u | i 1y 12u| 38| 2u 30 | Lhu| 23u
vy 16 s s s s 8 8 3 k-] 8
2k 31p| 24D D Sl e 5 43D 5 = 11p| 13D 5 D) 5 N = 5 310 L7p| 22D
48] U I T T 1 1 1 1 i 1 1 1
(1, ros nin| n )o,17|0.18] ----j0.27|R |B | B nlo,08 » n 1o.12{ 0.2 B (0,16 B n L B 10,18/ 0.21/0.18
Vv, fps 171 [ a7h | ---- 274 171 182 [189 198 174|189 | 171
Turns 1 Y 1 3 ¥ 1
Tor ol 0] | —ca| o2 e D el Al hi= | ey, <
ey 2 2 In ﬁ 2 L | % ﬁ
Loading B Loading C
Allerons Against Neutral With Against Neutral With
K avatory u D D Free| U N D Free|Free U D D |Free| U D Free| U N D Free| U D Free
(e) | (b) | (bd)| (m)|(J) [(e) [(m) [(bd)[ (B)| (d)]|(bd)|(bd)|(dk)|(a) (o) [(d) |(a) | (d2)] (d2)[(d) [(dL)| (p)
2 h 92 68 7)o | 75| 78 89 87| 96| 77| 72| 73| M7
a, deg L1 72 52 58 | 7| 47| 58] 55 30 | 60| 56| 57| 60 | 60 |"77"
N N N N N ¥ N N
100 580 16U 2p | 28u| 1ou| 17U| 50U 38u| s6ul 22u| 13u| 20D| 32u|____
g, deg ° [ °fup|°|° |70 ° |'oo|° |330]| 250 170| 250] 250/ ® | © | 38p| 670 31p| 7p| Lip| 20D
8 8 s 8 8 3 s 8
), rps 113 Fi’ 0.11 IZ ;’ 0.09 !; 0.18 1; 0.17/0.16/0.15(0.18/0.23 3 Fi’ 0.20/0.17[ 0.23|0.24]0.19(0.25| ----
v, fps e S Y- PH " liga | ™ |a82| ® 190 | 182 [177 | 185 |190 & - 179 [183 [ 177 | 179 |17h4 |27h |----
Turns 1 1 1| 22 1 |r1 1 |2 1
for e e= hl oo o ri e, el i hy h= o= hj —
recgvery 2 2 E nz% E 2 2 2 2 yry
8Model oscillatory in roll end pitch, range of values or JModel yawed in a circle of extremely large radius et a

average value given.
Prwo conditions possible.

CModel recovered by pitching

and/or

rolling out of the spin.

Motion during recovery was extremely violent.

doscilletory spin; range of values or average value given.

©)fter recovery, model glided forward at a flat attitude for

£

After recovery, mo

a short distance before striking safety net.

EBAfter recovery, model glided forward at a flet attitude for
a short distance snd then nosed down into a stecep dive.

Darter recovery model nosed down into a steep dive.

1

an appreciable distance before striking safety net.
del glided forward at a flat attitude for

engle of attack.

kwgndering spin.

Rotational velocity wes low.

liodel oscillates in pitch and wanders; appeers to gallop.

M™yodel recovered of its own accord in a wide spiral glide.

"Model recoversd in a wide spiral glide.

°Hodel wént into an inverted spin after a short vertical

ve.
pﬂigh rate of descent. Model executed one violent
oscillation in pitch per turn of spin.

W

Model too oscillatory in pitch end roll to test completely.
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CHART 12.- SPIN DATA OBTAINED WITH MODEL 12 (CONCLUDED)

Loading D Loading E
Allerons Ageinst Neutreal With Ageinst Neutrel With
s U | N |D|Free| Free| U N D | Free| Free| U N D |Free|Free| U N |D Free| U |N D D |Fr U N D |Fred
Elevators |i¢o)|(e)| | (ba)| (v) ] (a)] (a)l(a)] (pa)| (ba)| (a)] (ba)| (xa) (br)| (ba)| (a)] (&) (e)| (c) f(a)[(e) (va) || )] a)|(da)]a)l(y
o, deg 57 73|85 [ bo| 73| 52 |75 [ 8L | [ 76| [95 (81 98 93 | __ 50{98 |102
T L1 2148 | 39] 50| 37 |63 | 55 L3 L7 |65 68 3N 65|79 | 61
a3 N| ¥|¥l2eu | ¥ f210]500(8u [11v | v f300f19u | | o |13 |61u(350 % | ¥ |380(Y | Lav N fayy 39u| N
» deg o 18p|L42n|s5p | 7o [ 15D | 22D WD 1| 6D |L48p|6LD| L8p 470]™""| © |uko|™""|uko| ©
s s{s[T | s s £ i s
(), rps i\ pia ? 0.18 ;i) 0.13]0.20/0.19 0.22 0.21}0.2d 0.22| ---[0.20] 0.170.16/0.17 1; ;1> p.18 xia 0.22|---| p [0.140.1%0.16| :
— — i 1
v, tps |7 | ®|faok | ™ |a74|171[203|177 | 206 |177| 177|---[182 |208 |193|185(" | * [182]|" [185 |---| ™ |179|182]271] ®
Turns 1 1 1 h,1 1 el r3 )
o el |el [nl| ny| ny|e3|bl|___|n el |e ® 3 |___ 3 le, |e1
re{:‘gsex‘y J L| 2 2 . z L 12 IE 2 3 1 L L 2 2
Loading A, flaps down L5° Loading A, landing gear extended Loading A, landing condition
Allerons Neutral With Neutrsl with Against Neutreal with
< D Free|Free| U D Free| D D D Fres|Free|Free| D Free| D Free| U U N Free ] D |Free
Elevators | (4) )(bd)|(bs) (a) |(ar)](dat)|(de)| (ct)|(at)|(dt)f (st)}(ad) |(d) | (L) [(a) |(bs)[(bd)[(a) [(a) [(d) [(d) |(a)
. 79 | 82 ol 87 | 87| 72 | 66 o 60 | 50 . 61 | 65 66 65 | 91 | 62 | 65 | 78 | éL4
Ssss 62 | 63 |77 39 | b9 | 57 | L L | 37 L6 | 52 22 [7777| sk | 69 | b7 | 58 | 58 | 29
N
00| 250 ____|____| 9u 150 1ol ____| 4 S ° 16u|____| 12u| 27u| 9u | 200| 15u| 13U
g, deg 27p| 18D 9D 3D 00| 8p B [ 8p | 2D . 2u Up| Loo| 3p | 15p| 25D| 15D
(), rps 0.21/0.19}----|----10.17]0.19|0.20(0.19|«---]0.19|0.23| ----]0.16|0.16 ? 0.15|----{0.14]0.09|0.16 [0.16|0.16 |0.1L
n
v, fps 179 |179 |=---]|-=---]|175 |179 |185 |198 |~----|182 [201 |----[195 |193 198 |[----|176 [171 (188 [179 |176 |183
Turns nt
for [ e Y L L S | e S B[ 2] ek fead f g fuod | nd
recovery L 2 L L |by 2 L 2

B)odel oscillatory in roll end pitch, range of values
averege velue given.

bTwo conditions possible.

Clrodel recovered by pitching and for rolling out of the spin.
Motion during recovery wes extremely violent.

dogcilletory spin, range of velues or average velue given.

©After recovery, model glided forward at a flat attitude for

Iy an appreciable distance before striking safety net.

After recovery, model glided forward at a flat attitude for

a short distance before striking safety net.

EBafter recovery, model glided forward at a flat attitude for
a short distence, end then nosed down into a steep dive.

hafter recovery model nosed down into a steep dive.

1Model too oscillatory in pitch end roll to test completely.

JModel yewed in a circle of extremely large radius at a high
angle of asttack. Rotational velocity was low.

kWandsrins spin.
lyModel odéillates in pitch end wenders; appears to gallop.
9 Model oscillatory in pitch and roll, too wandering to test.

TModel oscillatory in pitch snd appears to gallop; range of
values or average value givan.

S Model spins steeply and smoothly with radius of spin too
large to test.

tThree conditions possible.
WModel pitched into an inverted flat attitude after short

vertical dive.
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CEART 13.- INVERTED SPINNING CEARACTERISTICS OF THOSE MODELS FOR WHICH INVERTED SPIN TESTS WERE PERFORMED

[Model loadings as shown on table II, clean condition inverted spins performed with models
spinning to pilot's right, rudder full with the direction of spinning rotation, recovery
attempted by reversing rudder full against the spin, no modifications on models

Model 1, loading A Model 2, loading A Model 4, loading A Model 5, loading A
A larons Against Neutral With Against Neutral With Against | Neutral | With Against Neutral With
u[N| D v [N D u N [p|] v |D |u|fN|D|[ U |N|DfUu[N|[D|fU|N|D|U|N|D u u N[ D u
Elevators (a) (a) (a) [(e) (a) (a) | (a) | (&) | (a)
46 51 Sk 50 k9
a, deg N|N| 76 |47 k2 | 52 | 55 |---] ¥ | & N[N g N[N|N|N[N|N|N|N|N|- gg 8| | 61| s7
ol o o o oo o Pz ololofo|lo|olo|o|oO 5 T = = 5u
Lt U | 2u w |su U o[ W U s
9, deg s| s 3 Z % s s s|s |8 ™ s|s|ls|s|s|s|[s]|s|s 10D 0 L 6D 8D
Q, rps pfrfo.72f 0.36] 0.42] 0.49] 0.59 [ 0.47 PP |p|p |P [0.30 plp|P|P|P|P|P|P| | 0.33 | 0.32] 0.35 0.36 0.33
il 4 ] i i L dd o ¥ - 6 Ty o O B Lt 5 il 5 e B 1 N O [
Vv, fps n|nf158 | 227 (235 | 173 | 175 [193 |---| = n n|n |n| 229 alnfninfn|nlnfn|n|_ 203 220 | 200 | 191 | 21k
£
Turns for 1/2, |1, 3/ | 1/
recovery b b 2 17 S ¢ P = 1/e 3/10, 13/4 f3/l; 1/2
Model 6, loading B Model 7, loading A Model 8, Loading G
With With
Ailerons Against Neutral 3 Full Neutral 25 Full Against Neutral With
3
Elevators | U | | D|U| ¥ Dj U u N D %‘D Ulx J D %13 UIN[D |U [N |[D|U [N |D D
(n) (1) | (4)(n) |3) | (0) [()](4) [(5) [ () |(m) [(m) [(o) J(m) |(m) | ()
a, deg N|N|N|N| N|N| N| s0 46 N|N|{N|N|N|N|N|N ) .o 1 [ | S S N
-] o o|o o|o o o o o o o o o o o o o o o o o
@, deg 4p 3D =
s 5 8 |s 8|s ] 8 s 8 s L] 8 L] 8 8 8 s s 8 8 8 8
p(p|lp|p|p|p|p P o lalfeideip [oile|® |o42idp o t2 P
SiEn s e [ s [ 2| 0-46% © 0uA8 fois0| 10;38]T0tko) e [T03T Sy Fle e Be e be e el i [ i
V, fps n n n|in n|n n 201 233 250 186 1% n 210 n n n n n n n n n n n n 5 n n n
151
P2 25 b b, 3 4 1
Turns for R AL 1 342
5
recovery 3/4, 3/4 3/“, 3/&2 1 1 1 .
(82 1 8 /%
3/4, 15 113;, 1%
Model 10, loading A Model 11, loading A Model 12, loading A
Neutral With
iierane Against Neutral | With Against Neutral With Against Ta.
U N U ul xjp|u| W | D |u[N|D|UlINID|Free | U ¥ | D | D| Free| U N D D |Free
Elevators (a) (o)f (o)(0)|(r)| (8) | (8) |(p)|(rf(r)w) @) )} (u) | (a) | (&) (w)a)(w)|(w) (a)]|(a) |(a) [@)(x)[w)(x)| (&)
N|N|N] N |8 | 101 8 In| 8| |8 |13 81
Enjdee bl ) i o g AElE ofo]o o 69 57 - 5 _|o 47 ] 61 | 51 - 68
4, deg 6u 3w | & 3 | sou [ _ | 25U k5U [ 23U | 17U |13U | w
6D ZP Tl 1) ip) a8p| ") S|s|s| 5 | 25p | Skp 13D |8 | k2p | 20D | 45D |1kD 15D |
9, rps 061 [ o8| -[ -[-[-] ocof oo -[-]- 2|315| } [o-13[0-8] - [ 0.18]} [ o.17] 0.5 o.18f020 | - | o.22
v, fps  |approx. 250| 19k - < 1 IR S ) IR o 50 R [P P I ) (o B S v o W) BT L R R ) PR T R ~n 5176
£, 1-1/2 f T B o Y 3/k y. - MY, [V 2 1
s or ® 123 Y/ BV 3 £7.3 12 |1s |1-1/2
recovery 3 £, 55 1-1/2

8Model oscillatory in pitch.
bModel went into a steep rapid spin.
SModel went into spin that was oscillatory in pitch, rate of rotation, and rate of descent after rudder was reversed.

dOsculatory spin; range of values or average value given.
®Wandering and oscillatory spin.
TVisual estinate.
8Recovery attempted by neutralization of (1) rudder and aileroms, (2) elevator and aileroms, (3) aileroms.
BModel pulls out in a dive, rolling about longitudinal axis.
jnodel pulls out in stalled attitude, rolling about longitudinal body axis.
Model rolls erect remaining in a stalled glide with rolling and pitching oscillations.
odel remains in a glide.
odel launched with rudder against spin. No spin obtained.
ent erect.
OModel immediately rolled with ailerons into erect position, pitched into inverted position, pitched back into erect position and dived.
O0scillated violently in pitch and roll.
PIncreased rolling oscillations caused model to go into stalled glide.
9Came out in a steep or inverted dive and tended to pitch into flat inverted position.
TInitial rotation stopped; fuselage remained approximately horizontal.
S0scillated in roll.
Fuselage remained approximately horizontal.
UModel recovered by pitching and rolling out of spin; motion during recovery was extremely violent.
VMode). too oscillatory in pitch and roll to test completely.
¥Three conditions possible.
XTwo conditions possible.
YAfter recovery model glided forward at a flat attitude.
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CEART 1k4.- RESULTS OF SPIN-RECOVERY PARACHUTE TESTS FOR MODELS

[Model in clean condition except where otherwise indicated; all results are
for spin rotation to pilot's right, dimensions given are full-scale]

Turns for recovery ﬁ

reva Elevator

Parachute chute [fowline Drag U l 2/3u I ¥ l 3

Model [Attitude location diam- [length | coef- |Loading 5 -

eter | (ft) [ficient Adlerons emar!

iet) Aga- | Neu-| with|1/3 [1/3 | Neu-|with | Aga- | Neu-
inst | tral agac |with | tral inst| tral

Erect Outboard wing 5.0 2.5 0.70 A i eeee | emee | =em= | =ee= | ==ee | ==== | ---- [Towline attached between pitch flap
and elevon

SO0 IINIESS d0--=---- 4 -do- |15.0 <a0= || ==do===il====ll, L] = e e ettt oy (s R Do’

VTS| [Em— d0--==n== { -do- [30.0 | -do- | --do-- |---- ], 1% L R >3 @ |-eem |- Do.

-do-  [------- -d0------- 7.0 | 2.5 | -do- | --do-- | ---- e | == [ 3, 1Y e Do.

b=
=

-do-  [--m---- ~d0--mmmno -do- | 15 -do- | --do-- |=---- e U Yr-1) I R P Do.

o)
8

s G R L O | -do- 30 -do- --do-- | ===~

Do.

=l
-
'I
n

-do- d 8.8 2.5 -do- | --do-- |----

8
4
w

Do.

o
S T

=0~ |r===e=ee -30-------4 -do- 15 -do- | =-do-- | ---- el B Do.

oh~ o= DI e

o)
2

g

=l
=

=

L o e d0-------- -do- 30 -do- | --do-- | ==--

ss==hi===c Do.

P == for |01
=
Y
=

o 1
Y
|t
'
I

-do-  |Outboard wing tip | 7.0 | 10 -do- | --do-- |-=== |2, | 11 |---— | 1 |2, 1 --=- | ----
2 Vel A ) DR ) (P
o,

-do- d -do- 30 -do- | --do-- , 1|1, Y —eem | -

-do- d 5.0 10 -do- | --do-- | ==--

=
Sy
)

-do- 4 -do- 15 -do- | --do-- | =---

N [ Fw | F
o |
o

8

w

\'
n [t

8

-do- d -do- 30 -do- | --d0-- | ---- 2,583| === | ===, >

-do-  putboard wing tip | 4.0 [19.50 | -do- E | P o e e [t —--=| === | ~==-|25-percent semispan slats extended

-do- d -do- | 9.75 | -do- | --do-- | ----| ---- 3.;-, R e —eee | - Do.

=Ab= 4 5.33 |19.50 | -do- | --do-- ===tlin

=i [ S i e [ Do

-do- d -do- | 9.75 | -do- | --do--

S5 Rt GRS P Bt i Do.

-do- it 6.67 |19.50 | -do- | --do--

e | sen=i]lesen] tasas ||SERS Do.

-do- d -do- | 9.75 | -do- | --do-- | —-=c| —--=|, 2| cmom| oo | coom | mome| mee | -e- Do.

~do- a oo e | x| e | e o |5 7 o8 | RRUI] PRGN | FARRSH (NS BRS0Hm s =0

Inverted 4 6.67 [19.50 | -do- | --do-- 1,1_.,13 ] [l |t e A e el e Do.

-do- 4 8.0 [19.50 | -do- | --do-- |1, % | e e == Do.

Erect d 5.60 | -do- | -do- | R [ >h,>a.% SR (S (RS R Do.

-do- 4 6.67 | -do- | -do- [ --do-- | ----|ad,odf1d,2d | -ooe| —ooo| comm| cmoe| ooonf - Do.

Inverted d -do- | -do- | -do- | --do-- B e ) e I e B Do.

-do-  |------ -d0---moman 8.0 | -ao- | -do- | --dom- | --oo| —---[2p2R| —-oo| --o| 23 [ -meof —o-of oo Do.

Erect d hooy [ 25 0.83 A P S [ B e o

[Parachutes at both|

oo Two parachutes opened
-do- wing tips 4.39 | -do- -do- | --do--

simultaneously

ECE e 7.31 [-d0o- | 0.70 | --do-- | ----|----- - %?2% e el el el R

I 40----==--| 8.7 |-a0- | -do- [ --ao-- [ |F 2 |- g |- [ | [ |

2,23,

Erect Tall cone 8 13.4 | 0.7 A ——— | ——— SN [ b I B
u, >8
1
1,1

-do-  fo-=mm-e Q0=-==c=== 10 do- | -do- | ==do-= |-coc|--e= |72 |-omm | -o== | ommm | mmmm | o= | o=

el,2L

1
6 -do- 4 11.7 | -do- | -do- | --do-- e e e b R P e e e [

-do- Outboard wing tip| 3.3 7.9 | -do- | -=do-- e | e 28,59 | mm e [ 2o e ||| ] e

B R B e 5.0 | -d0- | -do- }--do-- B - - T B B e B B (e

SO 577 | | (e

-do-  |-mmmee L 6.2 |-do- |-do- |--do--
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CHART 14.- RESULTS OF SPIN-RECOVERY PARACHUTE TESTS FOR MODELS - Concluded

Turns for recovery
Para- Elevator
chute [Towling Drag u | 2/3u N D
Model [Attitude Parachute diam- [length | coef- | Loading Remarks
location eter (ft) [ficien Ailerons
%t
(£) Aga- Neu- [wstn |1/3 [1/3 |reu- [usen [aga- [Neu
inst | tral st |with | tral inst |tral
Erect Tail cone 3.6 | 271 |o.70 A % ................................... x/& = 0.14
o=l | =l FrE e | ~do- | -d0- | <d0- [--d0-- |=mm=e momem]comen] comac] momoacmoon [oomaf e mmee 29‘;,2% Do.
-d0- | —mmmme e 0= mmmm e 4.5 | -do- | -do- [ --do-- B e R e Do.
Aoy
B N dO=mmmmmm -do- | -do- | -do- B e e R ] et e [ Sl e e 1:,15 Do.
B T 40=~——=-~ 5.5 | -do- | -do- G B - e e L e s e Do.
=Ap=t et d0-------| -do- | -do- | -d0- |=-d0-- [=====|=====f=mmom| mmmem] mmmee o | e L, 2% Do
8 B R d0-=mmmmm 7.1 | -do- | -do- |--do-- Do.
B N R d0mmmmmmm -do- | -do- | -do- | --do-- Do.
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I
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b =
= s dorereay Bl Bl B B e B e e R e el o Do.
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Visual estimate.
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CAttached to outboard wing tip at the /b line.
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Figure 2.- Photograph of model 2 spinning in the Langley 20-foot free-
spinning tunnel.
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Figure 6.- Details of drag-type rudders used on models 1 to 4.
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