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NACA ARR No. L5C09 RESTRICTED

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

SPIN-TUNNEL TESTS OF AIRPLANE MODELS WITH EXTREME
VARTATIONS IN MASS DISTRIBUTION
ALONG THE THREE BODY AXES

By Robert W. Kamm

SUMMARY

An investigation was conducted in the Langley 15-foot

and 20-foot free-spinning tunnels to determine the effect
of extreme changes in mass distribution along each of the
three body axes. Two models of single-engine airplanes
having different geometric arrangements and aerodynamic
characteristics were tested with a series of different
loadings. The test results were analyzed to investigate
the effects of the individual inertia moment parameters
upon spin and recovery characteristics.

The test results indicated that the value of the
inertia yawing-moment parameter mainly determined the
effect of aileron setting on recovery, that the values of
the inertia yawing-moment and inertia rolling-moment
parameters influenced the effect of elevator setting on
recovery, and that the value of the inertia pitching-
moment parameter determined the attitude of the spin at
the normal spinning control configuration (ailerons
neutral, elevators up, and rudder full with the spin)
when mass was distributed chiefly along the wing. The
inertia pitching-moment parameter also determined the
angular velocities of the spins. Steady spins could not
be maintained when all three moments of inertia were
equal.

INTRODUCTION

Existing literature on spinning indicatés that mass
distribution may greatly affect the spin and recovery
characteristics of a given airplane. Some of the previous
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2 NACA ARR No. L5C09

investigations of the effect of mass distribution on
spinning have been presented in references 1 to 5.

The previous work has indicated that the mass distri-
bution of airplanes determines the relative effectiveness
of the various controls in producing recovery from spins.
Although geometric characteristics have affected the
number of turns for recovery from a spin, they generally
have not influenced the relative eflectiveness of the
controls in producing recovery for a given loading condi-
tion :

Reference 1 indicates that the inertia yawing-moment
parameter may be used to predict the relative effectiveness
of various control settings and movements on recovery.

In reference 2 it is indicated that multiengine models
spin steeply, that aileron-against settings expedite
recovery, and that the elevator is the most effective
single control for recovery. Multiengine models have
relatively more mass along the wing and less mass along
the fuselage than single-engine models; that is, the
inertia yawing-moment pasramster is positive for multi-
engine models and 1s generally negative for single-engine
models. Single-engine models may spin either steeply or
flatly, ailsron-with settings expedite recovery, and the
rudder is the most effective single control for recovery.
Tt was shown in reference 3 that, when the loading along
the wings was increased for several single-engine models
until the inertia yvawing-moment parameter was positive,
control effects typical of multiengine models were
obtained but the spins were not so steep as the spins that
are characteristic of multlengine models.

Inasmuch as previous work indicated the effect of
only the inertia yawing-moment parameter, the present
investigation was conducted in the Langley 15-foot and
20-foos free-spinning tunnels in an attempt to determine
the effects of the inertia rolling-moment and inertia
pitching-moment parameters. A primary purpose of this
investigation was to determine which inertia moment
parameter determines the attitude of the spin. The scope
of some of the previous investigations is shown in
figure 1, which indicates the envelopes of the inertia
moment parameters of the models considered in the investi-
gations of references 1 to 3. The inertia moment param-
eters of most of the models of conventional airplanes
tested in the Langley spin tunnels since the investi-
gation described in reference 1 1lie within or guidsteFcilosie
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to the envelope indicated for reference 1. Flgure 1
also shows the loading conditions as represented by the
inertia moment parameters with which the models were
tested in the present investigation. Very extreme
changes in the loading along the three body axes were
mads in the present investigation with the hope that the
results obtained at the extreme conditions would be of
ald in isolating the effects of the individual inertia
moment parameters. Additional tests were made with the
momern.ts of inertia about the three body axes equal in
order to determine the effect of zero inertia moment
parametsrs. Tests were also made to determine the effect
of increasing all moments of inertia by equal amounts
and thus keeping the moment-of-inertia differences
constant. Two modsls having different geometric charac-
teristics were tested in order to determine whether
aerodynamic differences would influence the effect of
the large loading changes.

The effects of control settings on the steady-spin
and recovery characteristics were determined for the
various loadings. The center-of-gravity location was
held fixed, and the total weight was kept constant

for each model during the test program. All tests were
made with the landing gear and flaps retracted.

SYMBOLS

RoR Y, and Z eirplane body axes
m mass, slugs

wing span, feet

S wing area, square feet

o moment of inertia about X-axis, slug-feet2
Iy moment of inertia about Y-axis, slug-feet?
Iy moment of inertia about Z-axis, slug-feet?
kx radius of gyration about X-axis, feet

ky radius of gyration about Y-axis, feet
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kKo radius of gyration about Z-axis, feet

' airplane true rate of descent estimated by
scaling from model values, feet per second

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

o angle between Y-axis and horizontal, degrees
Q airplane angular velocity about spin axis

estimated by scaling from model values,
radians per second

P density of air, slugs per cubic foot
o) angular velocity about X-axis, radians per
second
q angular velocity about Y-axis, radians per
second
r angular velocity about Z-axis, radians per
second
15 time, seconds
ky2 - kY2
inertia yawing-moment parameter
be
kyz - kzz
: 5 inertia rolling-moment parameter
b
g i,
5 = inertia pitching-moment parameter
b

EQUATIONS OF MOTION APPLICABLE TO SPINNING

If the airplane body axes are assumed to coincide
with the principal axes, as is very nearly the case for
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conventional airplanes, Euler's equations for the moments
f acting on a rotating body may be written for an airplane
Insavspin as

- Aerodynamic yawing moment

(Ix - Iy)pa - Iz %%

I

Inertia yawing moment

H

Inertia rolling moment = - Aerodynamic rolling moment

- Aerodynamic pitching moment

(1z - 1x)pr - Iy g%

Inertia pitching moment

In a steady spin, the acceleration terms (the last terms
in the equations) disappear; the formulas indicate,
therefore, that the individual moments of inertia may
affect recoveries although they should have no effect on
the steady spin. The moment-of-inertia differences
determine the inertia moments acting during a steady spin
at a given attitude and glven angular velocities. These
differences may be expressed nondimensionally by the
inertia moment parameters

mb2 mbe mb2
or by
ky® - ky” ky® - kg2 kg2 - ky®

APPARATUS AND TESTS

Apparatus and Geometric Characteristics of Models

Testing technique and construction of spin models
p are described in reference 6. Dimensions of the air-
planes represented by the two models used for the present
tests are given in table I. Three-view drawings of the
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models, which are designated A and B, are presented in
figures 2 and 3, and photographs of the models are given
as figures lp and 5. The tests were made with the landing
gear retracted. WModel A represents a recent scout-bomber
airplane and model B represents a recent experimental
fighter design. The scales were 1/18 for model A and
1/20 for model B.

Mass Loadings Tested

The initial loading conditions of the models, as
represented by the inertia moment parameters, were almost
the same. In order to obtain the other loading condi-
tions tested, lead ballast was redistributed along the
three body axes. The total weight of each model and the
center-of-gravity location were held constant. Extending
or retracting mass along any one axis increases or
decreases the moments of inertia about the other two axes
and therefore changes two of the inertia moment param-
eters, as is shown by the following table:

Change in ‘ Algebreic change in
Extending T 20 2 2
x< - ky< |k - k k -k
macs IX Iy IZ X ; Y ' Z Z 58
along be b be
X-axis |~=w===== Increase |Increase|Decrease |===w====- Increase
Y-axis Increase |~======- Increase| Increase |Decrease |==ww==w==-
Z-axis IncreaselIncrease ----------------- Increase (Decrease

The three inertia moment parameters therefore are inter-
related, and any two varameters determine the third. It
is impossible to vary only one parameter at a time and
determine its effect.

In most cases it was impossible to make the desired
retraction of mass along any one axis, and accordingly
changes that gave the desired values of the inertia moment
parameters were obtained by extending mass along the
other two axes. 1In order to change appreciably the mass
distribution along the Z-axis, weights were installed on
rods that passed through the center of gravity and
projected into the air stream. Tests indicated that the
effect of the rods on the spin and recovery character-
istics was small.
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In tables TI and III, which show the various loading
conditions simulated on models A and B, respectively, the
actual changes made to obtain the various loadings and
the effective changes thus simulated are given. Tests
for models A and B were made at equivalent spin altitudes
of 6000 and 8000 feet, respectively.

Accuracy

Because the models were damaged frequently during
the tests, it was recognized that the results obtained
were primarily of qualitative value and were not accurate
enough to permit rigid quantitative comparisons. Check
tests with the models in the initial loading condition
were made at the end of the test program, however, and
the results agreed reasonably well with the original
results. For some loadings and control configurations,
the results obtained may have been influenced by sensi-
tivity to small variations in control settings - espe-
cially at conditions for which the results varied greatly
with changes in aileron and elevator setting.

PRESENTATION OF RESULTS

The detailed test results are presented in charts 1
and 2 for models A and B, respectively. The boxes on the
charts give the steady-spin and recovery characteristics
for principal combinations of aileron and elevator
settings. The keys in the lower right-hand corners of the
charts show the order of presentation of the results in
the boxes. All recoveries were attempted by full rapid
rudder reversal, and the recovery characteristics were
determined by the number of turns the model made from the
time the rudder was fully reversed until the spin rotation
ceased.

A simplified presentation of the results, which
shows directly the effects of changes in mass distribution
on the optimum direction of aileron and elevator setting
for recovery, on the angle of attack, on the angle between
the Y-axis and the horizontal, and on the turns for
recovery from the spin at the normal spinning control
configuration (ailerons neutral, elevators up, and rudder
full with the spin), is given in figure 6 for model A
and in figure 7 for model B. In these figures, a question
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mark indicates that the aileron or elevator setting had
little apparent effect on recovery. Quantitative results
are given in figures 6 and 7 only for the spin at the
normal control configuration for spinning. The quanti-
tative effects of the changes in mass distribution on

the spins obtained with other combinations of aileron
and elevator settings can be determined from charts 1

and 2.

DISCUSSION

Initial Loading Conditions

\ For the present tests, the initial loadings of the
models corresponded approximately to the basic loadings

‘ of the airplanes represented by the models. These

loadings were arbitrarily selected as convenient starting -

points for the test program and are fairly representative

of single-engine airplanes.

For both models in the initial loading condition
(condition 1), aileron-with spins (right aileron up and
left aileron down in a right spin) were very steep with
high angular velocities and recoveries were rapid.
Aileron-neutral and aileron-against spins were fairly
flat and recoveries from these spins were slower than
from aileron-with spins. For model B, elevator-down
settings retarded recovery whereas, for model A, elevator
setting apparently had only little effect on the general
spin characteristics. The difference in the effect of
; elevator setting for the two models at almost the same

. loading conditions was probably caused by the aerodynamic
| differences in the models.

| Variations in Mass along Body Axes

‘ Along X-axis.- Figure 6 shows that for model A an

| extreme extension of mass along the X-axis (condition 2)

‘ had little effect on the spin characteristics., A further
large extension of the mass distributed along the X-axis
(condition 3) prevented the model from spinning except
when the aillerons were set against the spin. Retracting
the mass distributed along the X-axis (condition L)
steepened the spin at the normal control configuration,
increased the angular velocity, prevented the model frem
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spinning with the elevator neutral or down, and reversed
the effect of aileron setting on recovery from that
obtained at normal loading since, in this condition,
alleron-against settings gave the most rapid recoveries.

The results obtained for model B (fig. 7) were
generally similar to those obtained for model A.

Along Y-axis.- For both models, retracting mass
along Lic w.ng accentuated the effect of aileron setting
on reéovery, and extending mass along the wing reversed
the effect of alileron setting on recovery. No consistent
variation in angle of attack with the mass variations
was apparent.

Along Z-axis.- For both models, either retracting

irk S0

mass along the Z-axis (condition 10) or extending mass
along the Z-axis (condition 8) retarded recovery from the
spin st the normal control configuration. The angle of
attack did not change appreclably as mass was varied
along the Z-axis. The results shown in charts 1 and 2
show that retracting mass along the Z-axis tended to make
the aileron-with spins flat and that extending mass along
the Z-axis tended to increase the angle of bank and
caused the models to spin with the inner wing inclined
up considerably. At condition 9, the change in mass
distribution from the initial value was greater for
model A than for model B (see fig. 1) and, whereas

model A would not spin for any combination of aileron
and elevator control settings, spins were obtained for
model B when the ailerons were neutral or with the spin
and the elevators were neutral or down. During these
spins the fusclage was nearlg horizontal, and the inner
wing was up approximately 5 Recoveries from these
spins varied considerebly, and the model tumbled - that
1s, rotated about the Y-axis - during recovery. An
explanation for the fact that model A would not spin at
condition 9 may be that the inertia pitching-moment
parameter was zero and therefore no inertia couple acted
to flatten the model and hold it iIn a spinning attitude.

Special Loading Conditions

Equal moments of inertia.- Tests made with all
moments of inertia equal (condition 11), so that there
would be no inertia moments acting during the spin,
resulted in conditions for both models for which steady
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spins could generally not be obtained. When the elevators
were up and the ailerons were neutral or with the spin,
however, model A continued to rotate and the value of a
varted between 1limits of -4° and L6° and the wing incli-
nation varied between limits of 302 up (inner wing) and
18° down. Reversal of the rudder terminated the motion
rapidly. With the same control settings, model B '
descended at a velocity too high to permit testing.

Increased moments of inertia.- Tn an attempt to
determine the importance of the moments of inertia as
compared with the moment-of-inertia differences, all
three moments of inertia were increased by equal incre-
ments from the initial single-engine loading conditions
so that the inertia moment parameters remained constant
at the initial values. The results obtained at this
loading (condition 13) indicated little effect of the
increases in moments of inertia upon either the steady
spin or the recoveries obtained by rudder reversal.

Typical multiengine loading.- Loading conditions
that were considered representative of the mass distri-
bution of multiengine airplanes were obtalined by extending
weight along the wing and effectively retracting weight ‘
along the fuselage (condition 12). The control effects
obteined were typical of multiengine models in that
aileron-against and elevator-down settings tended to
prevent the spin. The aileron-with spins obtained were
much flatter than the corresponding spins for the initial
loadings; however, the spins obtained with ailerons
against and at the normal spinning control configuration
were sbteeper.

Effect of Aerodynamic Differences in Models

The two models tested differed somewhat in aerodynamic
characteristics as measured by the tail damping-power
factor (see table I) and in other respects such as wing:
location. These aerodynamic differences were large enough
to cause some differences in the test results. For model A
in the initial loading condition, for example, elevator -
setting had little effect on recovery, whereas for model B
elevator-up settings expedited recovery. Model A had a
partial-length rudder so that deflecting the elevators
either up or down did not appreciably change the shielding
effect of the horizontal tall on the rudder during spins.
Model B, however, had a full-length rudder and, when the




NACA ARR No. L5C09 - 11

elevators were down, more of the rudder was shielded by
the horizontal tail than when the elevators were up, with
the result that the rudder was less effective in producing
recovery. For both models the spins were somewhat steeper
with the elevators down than with the elevators up, an
indication that deflecting the elevators gave an increment
in pitching moment even though they were stalled.

With the greatest extension of mass along the X-axis
tested for model A (condition 3), the model would spin
when the ailerons were set against the spin; model B at
condition 2 (which was not so extreme a loading as
condition 3 for model A), however, would not spin for any
alleron-elevator combination even when the rudder was
full with the spin. It was thought that these results
might be attributed to the difference in the longitudinal
stability characteristics of the models. Extension of
mass along the fuselage increases the spin-flattening
moment acting during a spin and, at very large angles of
attack, the aerodynamic pro-spin moments have been found
to become very small (reference 7). For model B at
condition 2 the spin-flattening moment evidently was
large enough to cause the model to assume such a flat
attitude that spinning equilibrium was not possible. It
was also noticed that the ratio of horizontal-tail ares
to wing area was considerably smaller for model B than
for model A. Brief tests were therefore made with the
stabilizer area increased for model B (aerodynamic diving
moment increased), and spins were obtained when the
allerons were against the spin.

For the two models, variations in mass distribution
along the Y-axis had opposite effects on the attitude of
the spin at the normal control configuration for spinning.
For model A, extending mass along the Y-axis steepened
this spin and, for model B, retracting mass along the
Y-axis steepened the spin. The reason for this difference
is not apparent.

Either extending or retracting mass along the Z-axis
of model B caused the spins with the ailerons against the
spin (elevators neutral or down) to become very oscil-
latory in pitch and roll. This effect was not obtained
for model A.

It should be remembered that other models which

differed greatly in aerodynamic characteristics from the
two models tested might have given results that were




12 NACA ARR No. L5C09

somewhat different from the present results. The indi-
cations are, however, that the effects of the mass changes
on the relative effectiveness of the controls in producing
recovery would have been the same.

Effect of Individual Inertia Moment Parameters

Certain inferences concerning the effects of the
individual inertia moment parameters can be made from the
preceding results. It appears that, as was previously
indicated and explained in reference 1, the directions
of aileron and elevator deflections for optimum recovery
vary withathe value of the inertia yawing-moment param-

k -k
ehOp! A ad Figures 6 and 7 show that, when mass

2

- kx2-k
was distributed chiefly along the wing S~ AEAl positive ),

b
elevator-down and aileron-against settings generally were
favorable to rapid recovery whereas, ghen m%ss was distri-
k- -k
buted chiefly along the fuselage “é“if"z’ negative |},
b

elevator-up and aileron-with settings were, in most cases,
favorable to recovery.

Varying the mass along the wing (conditions 1, 5, 6,
and 7) had little consistent effect on the attitude of
the spin at the normal control configuration - an indi-
cation that, for a constant value of the inertia pitching-
moment parameter, variations of the inertia rolling-
moment or inertia yawing-moment parameters do not affect
the spin attitude. This result agrees with conclusion 1
of reference 3. When mass was distributed chiefly along
the wing (inertia yawing-moment parameter positive),
ky2 - ky©
bl
the attitude of the spin at the normal spinning control
configuration; low values of the parameter resulted in
steep spins. A simple qualitative explanation for this
steepening of the spin is that, when mass was effectively
added along the Z-axis, the centrifugal forces acting on
the mass along the Z-axis gave a pitching moment that
nosed the model down.

the inertia pitching-moment parameter determined
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When mass was distributed chiefly along the fuselage,
the spin attitude did not vary consistently with any
parameter until the inertia pitching-moment parameter
was made so large or so small that spinning equilibrium
could not be meintained.

A general comparison of all results indicates that
the inertia pitching-moment parameter also influenced
the angular velocities of the spins; low values of the
parameter generally gave high angular velocities.

When mass was distributed chiefly along the fuselage
(inertia yawing-moment parameter negative), the adverse
effect on recovery of setting the elevators down was
emphasized as the inertia rolling-moment parameter
~—————=— approached zero.
e

CONCLUSIONS

An investigation was conducted to determine the
effect of extreme changes in mass distribution along
each of the three body axes for two models of single-
engine airplanes having different geometric arrangements
and aerodynamic characteristics. The test results were
analyzed to investigate the effects of the individual
inertia moment parameters upon spin and recovery charac-
teristics. It was recognized that the extent to which
the spin would be affected by mass changes would depend
upon the aerodynamic characteristics of the design. The
test results indicated the following qualitative conclu-
sions:

1. The value of the inertia yawing-moment parameter
mainly determined the effect of aileron setting on
recovery, and the values of both the inertia yawing-
moment and the inertia rolling-moment parameters influ-
enced the effect of elevator setting on recovery.

2. When mass was distributed chiefly along the wing
(inertia yawing-moment parameter positive), the inertia
pitching-moment parameter determined the attitude of the
spin at the normal spinning control configuration.
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3, The value of the inertia pitching-moment parameter
determined the angular velocitlies of the spins.

li. The moment-of-inertia differences were apparently
of primary importance in determining the spin and recovery
characteristics of a given design. The magnitudes of the
individual moments of inertia appeared to be of secondary
importance.

5. Steady spins generally could not be maintained
when all three moments of inertia were equal.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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16

DIMENSIONS OF ATIRPLANES REPRESENTED BY MODELS

Wing span, ft . . .
Over-all length, ft
Normal weight, 1b
Normal c.g. location,
percent M.A.C. .

Wing:
Ames, sq Tt
Section
Root

D

Root (reference) chord, in.
Root-chord incidence, deg
Tip-chord incidence, deg
Aspect ratio . 5 o
Sweepbdck of L.E.

of Wlnb s
Dihedral at )O percent

s Cuter

chord line, deg panel
]VI.A.C" in' - . L . . .
L.E. of M.A.C. rearward of

ILiE. of root chord, in.
Al lleronss

Chord, percent root chord

Area behind hinge line, sq ft
Span, percent b/2 n il
Horizontal tail surfaces:
Total area, sq ft
Span, ft
Elevator area bealnd hlnge
line, sq £t

Distance from c.g. to elevaéor
finge llne, £t . . . .

e oA S

Model A Model B ?
g8 33 |
2T abs 29.8
6,50 63,0
29.1 31.5
. 259 232
. NACA CcYH, NACA 0015
13 percent
thick
NACA CYH, NACA 23009
11.8 percent modified
thick
98.7 100.0
s B 2
. o 2
« 5.9 93
.6 (approx.) 3.6
Top, 3
Bottom, 5% 5
83.3 8L.3
3.1 5.6
: . 16, 11.3 |
. o 19k 12.3
. 36,8 Lo.5
6128 30.5
1.8 10.9
o = LR EE 12.0 |
i ) ol 16.2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE I - Concluded

DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS - Concluded

Vertical tail surfaces:
Total area, sq ft o
Rudder area behind hinge

e, sq-I't . . .
Distance from c.g. to
rudder hinge line, ft .

Maximum control settings:
Rudder, deg

Elevators, deg
Ailerons, deg
Tail damping-power factor

(calculated according to
method of reference 8)

Model A Model B

s 25.8 4.4

13.% 8.0

< 16.% 16.5

« 50 wight, 30 right,

30 left 30 left

.. 30 up, 20 down 8 up,
15 down

. 30 up, 15 down 2% up,
10 down

0.0000727 0.000175

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE IT.- FULL-SCALE KASS DISTRIBUTION OF MODEL A FOR VARIOUS LOADING CONDITIONS TESTED

[iing loading, 25 1b/sq ft; equivalent test altitude, 6000 ft; relative density —= at test altitude, 10.6]
Actual change Effective change Ix Ty Iz kx Xy Xy kg2 - ky? ky2 - kp2 | kg2 - kx2
Gondttion | ottt 3nading | inttial loading | /eiee-£22) | (sdug-re2)-| (slngere2) | b2 | /2 | B2 52 w2 2
SO R ] R T B 1,000 6,680 9,960 0.229 | 0.297 | 0.362 | -88 x 10-4 | -108 x 10°k | 196 x 10-4
X tended
2 lots T aeih (v) L, 000 12,520 15,800 .229 | .4o5 | .L456 | -280 -108 388
3 ] eecaaes d0-ecme= (b) l4,000 16,300 19,580 .229 463 .507 | -Loy -108 512
Mass extended Mass retracted
L along Y- and along X-axis 13,480 11,590 1,870 421 .390 L2 62 -108 L6
Z-axes
Mass extended Mass retracted
5 along X- and along Y-axis 7,270 13,230 13,230 .309 .48 418 | -196 0 196
Z-axes
" tended
¢ Along T-axis (v) 8,960 6,680 14,920 i | 2 | s | 1S -270 196
P e e ne d0=eeman () 12,140 6,680 18,100 .399 .297 .L,88 180 -375 196
"t tended
8 S1ong T uxis () 7,280 9,960 9,960 309 | 362 | .362| -8 o 88
9 | emeeee- L (v) 9,960 12,640 9,960 362 408 .362 ( -88 88 0
Mass extended Mass retracted
10 along X- and along Z-axis 6,965 9,645 15,900 .302 .356 457 -88 -205 293
Y-axes
Mass extended
¢11 along Y- and (b) 12,640 12,640 12,640 .Lo8 .L4o8 .4o8 0 0 Q
Z-axes
I;u oxtomd I;u extended
Y- Y-axi
a2 gEies et atted 11,380 9,420 14,600 .387 | .352 | .438 & -170 106
along X-axis
Mass extended
13 along X~, Y-, None 7,150 9,830 13,110 307 .359 415 -88 -108 196
and Z-axes

SInitial loading condition (typical single-engine loading).

bEfrective change same as actual change listed in preceding column.
CEqual moments of inertia.

drypical multiemgine losding.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE III.-

[Hns loading, 27.3 1b/sq ft; equivalent test altitude, 8000 ft; relative

FULL-SCALE MASS DISTRIBUTION OF MODEL B FOR VARIOUS LOADING CONDITIONS TESTED

density _ES at test altitude, 13.0]
P

Actual change Effective chsnge Ix Iy 1 e K Kyl - k!2 kyz - kol kn2 - kyl
r 2 e & o 4 X Z Z X
gandiice 1n1t1£§°?ondins initiolrg:lding (slug-rt2) (81ug-1t2) (s1lug-rt2) b/2 b/2 b/2 e b2 b2
L T I el Bttt cemmeeas 3,050 5,250 7,850 0.225 | 0.295 | 0.360 | -91 x 1074 | -108 x 1074 | 199 x 10-L
2 l:;;;;;f::id:d (v) 3,050 10,500 13,100 .225 | .48 | .L66 | -309 -108 ki
3 ------------------------------- - e il sreveexsesi]l meese | essew | eessw i neouamaman ) @S wmeme ] SImen s n S
Mass extended Mass retracted
N along Y- and along X-axis 12,650 10,980 13,580 -L59 426 475 69 -108 39
Z~axes
Mass extended Mass retracted
5 ;lons X- and along Y-axis 5,650 10,450 10,450 .306 416 416 | -199 0 199
-Axes )
6 :;;;&o;f::g:d (b) 6,940 5,250 11,740 340 | .295 RIS} 70 -269 199
T | eee=-- do-===== (v) 9,520 5,250 1,320 397 -295 -L87 176 =319 199
8 et (®) 5,650 7,850 7.850 | .306| .360 | .360 | -9 o o
9 | eemee- do-===== (v) 6,750 8,950 7,850 334 .385 -360 -91 L6 L5
Masa extended Kass retracted
10 ;nmg X- and along Z-axls L,520 6,720 10,790 .27 335 J2y |o-91 -169 260
-axes
Mass extended
along Y- and
€11 Z-axes and (v) 7,850 7,850 7,850 .360 .360 .360 0 Q 0
retracted
along X-axis
Mass extended Mass extended
along Y- and along Y-axis
d12 Z-axes and and retracted 6,750 5,250 9,360 J33L .295 2394 62 -170 108
retracted along X-axis
along X-axis
Mass extended
13 along X-, Y-, None 5,990 8,190 10,790 31 .368 RV -91 -108 199
and Z-axes

arnitial loading condition (typical single-engine loading).

bEffective change same as actual change listed in preceding column.
CEqual moments of inertia.

drypical multiengfne loading.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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CHART 1 -SPIN CHARAC TERISTICS OF MODEL A

[Effect of mass varations along the X-axs, loading as /ndicated; cockpit closed ; landing gear retracted; flaps neutral ; recovery
by full rapid rudder reversal; recovery attempted from and steady -spin data presented for rudder -with spms ; right erect 5,0//75]

Condition 4
Mass retracted along X-axis

2)
/rxbkfz 62%/0°*

Condition {1

/nitial 10ading

kf-kE -4
= -/08 %[0
Pt 24]2u
pz- = 46x/07¢ %5/
celsu >3%
A /5138
249U Yy !
zis27 0 g
Yo% NI
N No
e
G wi
Allef%i Np
|
N 090 2 & ¢
c M
o
g Wandering spin,

Oscillatory spin.

2_
RCAS - 8841074
2_
’—"7?22: ~lg8x/g* 2L
K- 196 51074
60[/D % |
37127
H
- 8
3434 IS 164D
& n92705./
492U 7,
w030 V"
575U lgam;rzz-zz
/1a 0 v
ST A
2 SE 19|30
™ 5.3
48|50 747
343
i
%3%

No means model would not spin.

Conadition 2

Conadition 3

Mass extended along X-axis

2

2

A 22
KAV 280 51074 bR - 40411074
L\'Lgf kf-kE -

pz " 7108 x10°¢ < [ - Ml
KZKC. 308 5107 W || B 512 107 [F

2 6212D) g j

: = 4
/3712.1 N|o
68|/U 3%3% 719U
/Zggj g ¢ /zgg,z g
NS IRy
< |
= O ~
2870 /\rI?"z o ¢ Aueffq"f'
r0n5/462.2 wit ons_Mo wt
le8leule et % 7% Aﬂ?fmt
1232.6[09°" 2 ™ g -
10,11 SIS £I5
g S § Q
vt No &° o
55|/D C
131|124 No
66|20 2%3 7/leu :
12028 11323 AT o BOANIES
18.21 / )

Also spins jerkily. Fuselage appears to yow

to right about Z-axis /mn an attempt
to become horizontal. AS ruse/age
reaches horizontal, right wing

and nose drop. The cycle then repeats.

Model values converted (d%c@ (d%g)

to corresponding

full -scale values.

U denotes inner wing up;
D, inner wing down

vV

(fps) 'rg@a
Turns for
recovery

*ON ¥¥V VOVN
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CHART 1. - SAIN CHARACTERISTICS OF MODEL. A - Continued

[Effect of mass varations along the Y-axis; loading as naicated; cockpit closed; landing gear retracted; flaps neutral ; recavery
by full rapid rudder reversal, recorery attempted from and steady -spin data presented for rudder-with spins ; right erect 3pms)

Condition 5 Conaition 1 Conaition 6 Condition 7
IMass retracted along Y-axs /nitial loading Mass extended along Y-axis
k2-kf R Ex 2 _ 2972 B EC
5K = 196107 b - -ggaip KLY = 754007 KLY = 180104
k#-k eLne R 2, 2
KEKE - o d WokE - yogao¢ EEVELAL = orxppt KoKE - 57541074 a5
2,2 cere , 2
Kb - igexi0t [Mo | | 45585 = 196107 Ef%éf = 196x/07% |32y ﬁf%ék = 196+/0°* (1328
i’ 59|/U 60|/D 3.7 5/]1uj42] 1D o0 40]0 00
.C 131125 137127 1432.6|16112.5 161)2.5
|63/78|12y2or 3733 N 604U 23 3 340 | |ez23]132 33|/U >4
12033 g A"e,zh d 2812.8 2 1732.4 < 1762.4 Y
9] 5 Is w 3%.37 NS 1640] | | 1/3 |2 49|20] | |22:24 NE! 50|10
M S Mo & 27087 & 537130 & 15113130
a0 [B8[3U 49|2UpET 3 38| 1UNEE 147,55 42[TURR™ 0o
be 12528 ost49130 v d et Jd MEEEng
B7/B2leybor 135 4 57|5UpIE e 5 2 3 el 23:2 k32,2
11013, g o 25309 g No 9™ gy o @™ B
00 NE 32.3 S|3 19|30 83 47|20 NE 26(1D
&° No ™ 20853 &° /34|32 &> 13132
59|20 483U 17+ 40|V 3533 a 15
be 120 3 1343./ d 149133 o No
(50/8/ lelyio 8,9 564U 23,07 1313
n0l34 125|3.3 N Njo = AR A
L_w_ 3737 COMMITTEE FOR AERONAUTICS
a
Wandering spin. oc | 2
6o Model values converted
scillatory spin. (deg) |(deg)
C OC and @ vary between values indicated. to corresponding V
d i ot full - scale ralues. (fps) fra
No means mode/ would not spin. U denotes imner wing up; aEns For
D,inner wing down. recovery

( "lUO:))
T 13BUD

*ON ¥¥dV VOVN
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CHART 1.- SPIN CHARACTERISTICS OF MODEL A — Continued

[[/fecz of mass variations along the Z-axis;/oading as /ndicated; cockpit closed; /fanding gear retracted;/laps neutral; recovery
by full rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spins ; right erect sp/ns]

Condition /10
Mass rerracted alonqg Z-axis

Condition {

/nitial loading

Condition 8
Mass extended alonqg Z-axis

Condition 9

Z okl
K AL - _gg xiot
202
KL - 205x107% @
51%‘}95 = 2931/0°4
62]ID
342.3
62[40 3%.4%
13424 2
0, 4 R 575D
e 14012.5
- e 523 2
iza] .
n2 -
60lUNY " 5%,3%
31l2el0™ 2T
3%,3% 33 496D
™ I 146|2.7
5|10 2%, 2%
134126
58[30 3,35
125126
4,4

A h 202 ' 20 12
KA - 88 x/074 LK - g x107* LEKL . gaxio4
Zon 2 B r IR
_LBZLK K2 - j08x10-4 a.b KK .o ks —7——52—'( " .gax107* e
kZ-kZ -4 KE -k -4 KE-k?
—L 7K =196 x/0 = 88x/0 9839 =0 Nlo
. wse el
60l/D %,/ 62]8U]. Ja, g
13712 204,/ c No
60J4U 2%,3 711U 7%,7%
128]2.8 2 110|4.6 2 No 8 ¢
3%,3% HE 16 40| | | 1/ N 28|40 SIS
> 2705 B o 73193 = el o
920N %4 63 [SUNET 1 % ¢ h“k“
os|74d30] V! wsfliof4e] ¥ c [ Mo |V
57lUNS s (2%2% 70J5UNS%T | oo e
233/ ZE R ioles|e®” B Mo 0™ g ¢
3,372 3|3 19{3D o) S 33|4v IS
i A B B TR
4E13U / .Y 62 Il 2%,3 c
134]3./ 110]4.9 ¢ Nlo
56|4U 2%,2% 7/ 15U o0
12533 105|4.9 Nlo s 1
374,30 00 COMMITTEE FOR AERONAUTICS

" Wandering spin.
Oscillatory spin.
No means model would not spin.

Mode/ values converted

d%(a ) Ldg

to corresponding
full-scale values.
U denotes inner wing up;

bt ’%

Turns rfor

D, /nner wing: down .

recovery

(*3u0))
T 1a®'yp
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CHART 1.- SPIN CHARACTERISTICS OF [TOLEL A - Concloded

[[//ect of special loading conditions ; loading as /naicated; cockpit closed; landing qear retracted; flaps neutral; recovery
by rull ropid rudder reversal; recovery ottempted from and steady-spin data presented for rudder-iith spin; right erect 5,0//75]

Condition 1 Conaition 11 Condition 12 - Conaition 13
/nitial_loading Fqual moments of inertia Typical multiengine /loading |Increased moments ¥ nertia
A i o oRn o
KK - - g8 /07t KRS < o MR L 6axi07* Kl <o g xj0*
2 12 el 2202 20 -2
_/TLb_ﬁ,‘z_ --j08x0°% @b _K.ngl_ =0 ii:; 46F5Y 5232’3 70O T ./_V.Lb_é‘l. =-/08x/0°%* .6
22 2822, 5 7 2_ 42 22
KK . 96 k1074 |58 <0 4 per] kKL - 106107%  [agad|| TLpAE - 196 x107¢
60[/D 7%,/ -/ (24 B0Y9p) YpVisual 38[2u o0 561U
3712.7 c 3.9 155|133 134]2.6
60U 2%.3 Y2 32150 2%,3 624 2%,3
28[2.8 8 Nlo 9 c 173]3.3 2 _ |25z, 8
3%,3% N 1614D) 3 e 1% N 380 ||[4/4,44] 3la 39|80
i 80 eloal S s [ No & lele2 8> Jel]32
4920 N\"m % c N\Cl‘t"h c N\"{\m 3% 6 45(3U N\“\f‘\ 2/, 24
Wl u v ")
\donﬁl4‘2 3.0 o) \eanS N 0 c 6(0“5 Nlo {0“5 143 3‘/
S7URE %2k NS el 52|6UN 2%, 2%
251310 Bl < Mo | % 2 : Mo I e et [BBoe gls
3,3% 3|3 1950 33 Y3 2%,2 53 19 13D
° 2045.3 &f° Nlo &© Nlo & 2085.3
48|30 /.14 c c 453U %, %
134(3.1 c Mo . ¢ Njo 13713.2
56|40 2,2/5) 55[5¢ 2%.2Y
125133 Nlo Nl|o 128]3.1 NATIONAL ADVISORY
3/4, 3}% 3}/2' 3& COMMITTEE FOR AERONAUTIOB
Model values converted | & \| &
g Wandering spin . to corresponding (el ?/9) deq)
Oscillatory spin . full-scale values. (*ps) 'rm%\
€ No means model would not spin. U denotes iner wing upi[Tarns for
d X and # vary between values indicated. D, mner wing down. recovery

( *PU0D )
T 3dB8YU)

*ON HY¥V VOVN
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CHART Z.- SPIN CHARACTERISTICS OF MODEL B

[Effect orf mass variations along the X-axis; loaaing as indicated; cockpit closed ; landing gear retracted; flaps neutral;recovery
by full rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spins ; right erect spins]

d Condition 4
/Mass retracted along X-axs

69x/07*

f

N3

=
"

=-108x/0"*
= 39x/07*

>
o

=2
N
>
5
\

30/ 0.
e 755|4.7

b
3

Elevators
up

uth

o
>
(e}

ns
\er2
\alnst

No |9

X| |Fevators
down

9 Wandering spm.

Condrition { 9 Condition 2
/nitial loaaing Mass extended along X-axis
2510 2.0°2
k_A_szLk =< g/xlo=* bk bk =-309x/0"*
2_p.2 20502
L‘Y—b’z‘i =-108x10~% aé Ky—b/r‘l =-/08x/0~* c
2ai2 23
/—(ng(-"- =/99x/0"* %’S“i =¢/7x10~% Nlo
5312D %, % e
169|2. & Nlo
V913U % 2 /4
163]2. T be Vo g e
1%,2% SR NE
Gl;\‘.] t,' \;L:‘ n2 N|o
49 [2DhEn " 7% e S
7312.7 e con Mo
S5 |3V (2, 2 )4 £ st
6/[2 80 BT bic BT Bk e
3%2,3% 5|3 |3
a SfS &S Nlo
47 12D /%% e
16512.8 e Nlo
54 13U 3%,4
NATONAL ADVISORY
,\‘55,4 268 Nio COMMRTER FOR /= ONAUTICS

Recovery was attempted berore model reached Final attitude.

€ Steep spin.

Condition 3 was not tested for model B.
No means model would not spin.

Model values converted (@eg) (d%

to corresponding TR
full-scale values. o s)ra%

U denotes inner wing up{ Turns for

D, inner wing down. recovery

*ON YdV VDOVN
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CHART 2.— SFIN CHARACTERISTICS OF /MODEL B - Confinued

[ff/ect of mass varations along the Y-axis;loading s indicated; cockpit closed;landing gear retracted; r/aps neutral; recover y
by full rapid rudder reversal; recovery attempted from ond steady-spin data presented for rudder-with spins ;right erect S,O/fL_;]

Condition 5

Mass retracted along Y-axis

k- kP
KE- KE

2-/f2

S

=-/99 x/0™*

o) a

199 x10°¢
a

35158
22612.1

g
P%/Bé P'U/ss

172,24

170|2.4
2,2%

Condition 1
/nitial _Joading

2502
KB -91x1074

B2
i"LEz’.‘l_h/ogx/O% a,b

Condition 6

Condition 7

Mass extended along Y-aXxis_

N levator:

»)
7] S5

[¥%)

U\th

IS
olR
o [N
NI

16112.8

ns
1350 ler2
28/90133Y/39pl\ - ot

a

S
Q| R Elevators

de
B4/B6|0Y53

8

15712.8

O Q

Q o

Wwandering spin.

Recovery was attempted before model

reached final attitude.

Steep spin.
OSC///G[Opfy Spin .

KL 199 x /074
5312D Y2,%
16912.5
59|30 172, V¢
163[2.5 2 bc
174,2% *ng Q
aig )
#9[2DNS 72
7327 o
553U 2, 2%
61128/ B e
3%,3% 313
LIS
aug
47120 /%
63]2.8
54]30 0,4
/59]2.8
5%, 6

€ ¢ and @ vary betueen values indcated.
/ No means model would not spin.

2 2 2 2
LR 702107 B f - 76 x107*
2
—Lb-zi"z"‘ = 26 02/07% _,_52_/@- K2 3750107
(2o ', sonl| % - L. [
KEWC . 199 1107 [I76[23|| Kigzts 199 x10°% liml23
52120 =3 5710 Z
a 176|2.3 7412.3
30[20 3,3% 290U > 3%
25202.4 g 7542.3 2
2, V2 NS 4514D| | L2, % R S/ip
S Jigz2.7 N 7027
12leupS >7 3320 >/0
J8dlz.7| V' £ Jigsjz.e V'
B e 20
qums‘. 2 N No Gqc\“g QA-Q
83 474D 33 48D
g 188]2.9 £330 17012.7
5/ (34604501 (4 ,4% . 5.6
£ 163/5202-9/3.1 £ Nlo
“11%,24
N|o Nlo NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

9 Velocities and angles vary between
values Indicated.

Model values converted

< | &
deq) |(deg

to corresponding
Tull-scale  values.

(/,gs}

a‘é}'\

D, inner _wing down.

U denotes mnner wing UoiTurns 7or

recovery

(*3uo0))
g2 14®yp
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[Effecz‘ of mass variations along the Z-axis; /oading as /ndicated; cockpit closed ; /andinq qear retracted ; flaps neutral; recovery
by 7ull rapid rudder reversal; recovery attempted from and steady-spin data presented For rudder-iwith spins;right erect 5,0//;;] :

CHART 2.— SPIN CHARACTERISTICS OF /MODEL B - Corfinued

Condition 9

Mass extended along Z-axis

2NN 2
BK < -91x07

Condition 10 Condition 1 Condition 8
Mass retracted along Z-axis Initial loading
L T o KERE - _grxiort REKE - _oiesort
P2, 2 2 2
AE = eon0t Lo KAE - josrot ab  [MEAZ L o 2
2
R VYol 117 | Lo ST Yo BERE L g0t Ao
9le/]2D] ~1>17% 532D Yo, % 521 U
9 6l{2.1 169/2.5 Y7313.3
63[0 >3 59BU—1%,2% 64]50 >3%
/50124 D j63[2.5 2 bic /50[3.4 o
>4 EE 524D | |/3%4,2% HE 00 3|3 [20l2D
g 1772.3 i s ~ 2545.8
60D 49l DI 7% 5320 [ 1%
g 15324 < v e de 63]3.8
577508000 (>3 ] 4 b5 130N 2, 2% (37619 >8] -
153]2.4 g /W 16/[2.80%"" bic 5358 [ Mg
>7 1 o S5 ¢ [BlD] | 12%3% g3 00 | s Sr3 UM23l70
AT SS gz o ° et > 459
o l62|2D 472D 174 0 Brl20] {2%,2%
d, 153|12.4 1652.8) a.e 153|3.81
F9;;762 140t >4 % 5413 3%,4 3/7519%3, )
153]2.5 159(2.8 14613.9
>6 5%,6 oo
2 wandering spin.
b Recovery Las attempted berore model reached fina! attitude.
C Steep spin. No means model would not spin.
9 Oscillatoryin pitch and roll. * 90n verge of recovery.
€ X and @y vary between values indicated. 7Mode/ tumbled frotated a. lateral oxs,

Model tumbled arter recovery.

R
ﬁ!_bé.fl_ = 46 ,/0-4 £
2359
KRC - 45004 W
£ No
N|o g
RS [75]374
- 9 <J69]5.9
3 \?,fth }’2 I/Z
2 WY 177V, B
K35, 9
Nlo o .
513 8041
3° 16115.9
2 ¥4 >/3
Al 189]5.6
/v 3
e NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
odel values converted], o | 2 |
to corresponaing (de\?) (deq
full=scale values.  |fps) 3
U denotes inner wing Up{ Turns For
D, /nner wing down. recover|

*ON ¥¥V VDVN
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CHART 2.- SPIN CHARACTERISTICS OF /MODEL B~ Concluded

[Ef/ecz‘ of special loading conditions; loading as mdicated; cockpit closed; /anding qear retracted;7/aps neutral; recovery

by tull rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spin ;right erect 5p/n3

(*2H0] )
2 1aeup

Condition 13
Increased moments of inertia

212
i‘é-z—z'l =-9/ x/0~*
22
LA o jo8xi0* @

—"Z—'B’éf— = /99x/0"*
55]2D 1%
63[2.2
5340 27
63]2.1 g
/72,1% 5| /6 2D
Y 429814 2
AN A
J166]2.6 ut
ol4U] ‘erof’i [%4,2 %)
E A 40
2%,2% 53 /714D
™ 3045.0
44|12V %
176|2.7
50|15 3/4,3%
4%' 5 COMMITTEE FOR AERONAUTICS

Condition { Condition 11 Condition 12
Initial _loading t;qaa/ moments _of inertia Typical _multienqine Jloading
L2 2087002 22
_Kz(ib.!’_‘L;_g/x/o"‘ ﬁl_b?_y__ o _/_"x_z.ér_x_ _52)(/0-‘
2.2 i 2 252
Keofe - -j08x07% & Bl o c K fi ooizonior* riy
-k N 2.
KEKE L 19951074 Mo, o KK L o004 790
53[2D %2, % ¢ A 00
/69|12.5 d 179|130
5913U] . 1% ,2% 28] 0 >3%
/6312.5 2 he Mo R a 233133 g
7% .2 N ER Y2 3|S 45[/0
O L) QL
a 5 i sl Mo cig nA7612.6
49 2Dh“eff§ 1%z N\“g N“":fh 4,4
o732l v sl Mo [V d o0’ ¢
55UNS S| 2,24 e L
611280 2 be Mo o™ RIS o #o oo™ g
3%,3% 5(3 g § S § 39|/1D
ays i Nio a 17013.9
712D /% 2%.3
1652.8 d N|o ol No
54]30U 3%, 4
10928 No N|e
5%,6
a

b Wandering spin,
Recovery was attempted before model reached final attitude.

€ Steep spin.
d Mo means model would not spin.

Model values converted | &
to corresponding (deq) (dg]

full-scale values.
U denotes inner wing up; [ Tgrns for
D, inner wing down.

/fZS) ?"./%

recover
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Kx?

2
z ~

Mass extended alonj fuselage

o
7

R /Ig
\ ’%\ 5
%,
D, 040, Model
% A
X% EiR .
% oy Numbers beside symbols indicate loading
E o\'} conditions tested.(See tables I and ]]]')
3 %%
% %,
- 74
R
%
2 @‘
> 4

. \Fe
% \4
All'moments of inertia increased % o
o

equa”g from intial loadmg
NIEAVAray 102
«Reference 1 & =33

0" |/

/|
d.T_T
l
To
|
|
|
al
.|

/60 200 240 280 320 360 400 440 480 520 560 600 640 680xi0~*

120

b2
80
)

Multiengirie loading

-~
o
A
9 Equal moments of mertia
Y AT 2N S q"ﬁb
= T T { [ f f Y A
80 40 0 -40 -80 -0 -|60 -200 -240 -280 -320 360 -400 -440 -480 -520 -560 -600 -640 -680XI10
ke~ k2" RATIONAL ADVISORY
Mass extended alonﬂ wing COMMTTEE FOR AERONAUTICS

Fiqure 1.- Conditions tested with models A and B and ranges of
inertia moment parameters for invest:‘gaﬁom described in
references 1 to 3.
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Fige: 2 NACA ARR No. L5CO9

” 989"
164

|

£ c/levaror Hrnge /

£ aileron Hinge
¢ /120 hinge

.
300%60’/43
& Lprust St Dhedral -/
. 26:00°
/B854
/-537 e 6 ABoRuits
—T-‘ "
= 232
4_/}_{ éﬁr_udz/e/
A / Jif
e £ 7hryst £

/803"

Fioure 2..— The & - scale made/ of anplaneA
s fested m 1he Langley /5-7roof and Z20-foof
Free — Spinning  Tunnels.




NACA ARR No. L5CO9

Fn afffc}z*

Lay/eron hinge

/ SsUrface 71430 p'ercenf chord

3Ghhedra 1op
—-4 -85 g cou::‘nngsmr‘&z AERONAUTICS
M09 =
¢
¢ Hhrust TR e
—\ /‘\ Z 4 j 0/ "
N L%

| /B00"

Frgure 3.~ The 56— scale mode/ of arrplane B
as fested in the Langley /5-7oot ond 20-fpor

Tree - 50/'/7/7//79 Tunrels.




NACA ARR No.

L5C09

Figs.

4,5

Figure 4.- Side view of model A.
Tests made with landing gear
retracted.

Figure 5.- Side view of model Bl
Tests made with landing gear

retracted.




S
Y, y\L’
Sy
S N
r ¢ 62’0 %
N | \“2’0 %"L.
3 b s
£a
HE o\%g D Down
% % ;
9 szn , ‘o Vooé W With
w T | Spin [~ N .
7w O %OJ’ZJ A Aqainst
-4 )
622D D % @0 2]
2 | [3% N (deg) | (deg)
o MK W\ > Turns for
s Z\O N\ recovery
[ o ®
EEN 531D +‘4 timum [Optimum
o e Ry 2 Fo elevator | aileron
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Fisure 6-A simfliﬁed fnsentation of the results obtained with model A.
oC, @, and turns for recovery are qiven for the spin at the normal
sPinninq contro| confiquration (ailerons neutral, elevators up, rudder wi{h).
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Figure 7.— A simplified Presantahon of the results obtained with ‘model B.
OC, @ and turns for recovery are qiven for the spin at the normal
spinning control confiquration (ailerons neutral, eléevators vp, rudder _with).
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