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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

"7 tt -7t ADVANCE ‘RESTRICTED REPORT

SPIN-TUNNEL TESTS OF AIRPLANE MODELS WITH EXTREME
VARIATIONS IN MASS DISTRIBUTION
AILONG THE THREE BODY AXES
By Robert W. Kamm

SUMMARY

An investligation was conducted in the Langley 15-foot
and 20-foot free-spinning tunnels to determine the effect-
of extreme changes In mass dlstribution along each of the
three body axes. Two models of single-engine alrplanes
having different geometrlc arrangements and aerodynamic
characteristics were tested with a serles of different
loadings. The test results were analyzed to lnvestigate
the effects of the lndlvidual 1nertia moment parameters
upon spln and recovery characteristics.

The test results 1ndlcated that the value of the
inertlia yeswlng-moment parumeter malnly determined the
effect of alleron setting on recovery, that the values of
the inertla yawlng-moment and lnertia rolling-moment
parameters 1nfluenced the effect of elevator setting on
recovery, and that the wvalue of the lnertlia pltching-
moment parameter determined the attitude of the spin at
the normal splnning control confilguratlion (allerons
neutral, elevators up, and rudder full with the spin)
when mass was dlstributed chiefly along the wlng. The
Inertia pltching-moment parameter also determined the
angular velocltles of the spins. Steady splns could not
be malntained when all three moments of 1lnertla were
equal.

INTRODUCTION

Exlsting literature on spinning indlicatés that mass
distributlon may greatly affect the spln and recovery
characteristics of a glven alrplane. Some of the previous
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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 alrplanes determines the relative effectiveness
of the varlious controls in producing recovery from spins.
Although geometric characterlstics have affected the
number of turns for recovery from a spln, they generally
have not influenced the relatlive effectiveness of the
controls in producing recovery for a glven loading condi-
tion.

Reference 1 1ndicates that the lnertlia yawlng-moment
parameter may be used to predict the relative effectiveness
of various control settings and movements on recovery.

In reference 2 1t 1s 1ndlcated that multlengine models
spin steeply, that alleron-agalnst settings expedite
recovery, and that the elevator is the most effective
single control for recovery. Multlengine models have
relatively more mass along the wing and less mass along
the fuselage than single-engine models; that is, the
inertla yewing-moment parameter 1s positive for multli-
engine models and 1s generally negative for single-engine
models. Single-engline models may spin elther steeply or
flatly, alleron-with settings expedite recovery, and the
rudder 1s the most effective single control for recovery.
It was shown 1n reference 3 that, when the loadling along
the wings was increased for several single-englne models
until the inertlia yawling-moment parameter was positive,
control effects typlcal of multiengine models were
obtained but the spins were not so steep as the spins that
are charaoteristic of multiengine models.

Inasmuch as previous work indicated the effect of
only the inertlia yawing-moment parameter, the present
investigation was conducted in the Langley 15-foot and
20-foot free-spinning tunnels in an attempt to determine
the effects of the lnertia rolling-moment and inertia
pltching-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 lnvestigations 1s shown in
figure 1, which 1ndlcates the envelopes of the inertla
moment parameters of the models conslidered in the lnvestl-
gations of references 1 to 3. The lnertia moment param-
eters of most of the models of conventlonal alrplanes
tested in the Langley spin tunnels since the investi-
gation described in reference 1 1ie within or quite close
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to the envelope 1lndicated for reference 1. Figure 1
also shows the loading conditions as represented by the
" inertia moment parameters with which the models were
tested 1n 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 obtalned at the extreme conditions would be of
ald irn 1solating the effects of the individual inertia
moment parameters. Addlitional tests were made with the
moments of inertia about the three body axes equal in
order to determine the effect of zero inertie moment
parameters. 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
aerodynanic 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

X, Y, and Z alrplane body axes

m mass, slugs

b wing span, feet

S wing area, square feet

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

ky radius of gyration about Y-axis, feet




L NACA ARR No. L5C09

kg radius of gyration about Z-axis, feet

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

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

4 angle between Y-axls and horizontal, degrees
Q alrplane angular velocity about spin axis

estimated by scallng from model values,
radlians per second

P density of alr, slugs per cubic foot
P angular veloclty about X-axls, radians per
second
q ungular velocity about Y-axis, radlans per
second
r angular veloclty about Z-axls, radlans per
second
t time, seconds
2 . ko
kx 2'-Y inertia yawling-moment parameter
b
ky? - kg
> inertia rolling-moment parameter
b
kz? - ky®
5 inertla pitching-moment parameter
b

EQUATIONS OF MOTION APPLICABLE TO SPINNING

If the alrplane body axes are assumed to colncilde
with the principal axes, as 1s very nearly the case for
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conventional alrplanes, Euler's equations for the moments
.acting on a rotating body. may be written for an airplann
in"a spin as e -

Inertlia yawlng moment = - Aerodynamic yawing moment

= (1x - Iy)ma - 1z 5%

Inertia rolling moment = - Aerodynamic rolling moment

(1y - Iz)ar - 1x g%

' Inertlia pitchlng moment = - Aerodynamic pltching moment

- - v &
(1z - x)er - 1y 32

In a steady spin, the acceleration terms (the last terms
in the equations) disappear; the formulas indicate,
therefore, that the individual moments of lnertlia may
affect recoverles 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 given angular velocities. These
differences may be expressed nondimenslonally by the
inertlia moment parameters

Ix - Iy Iy = Iy Iz - Ix
mb?2 mb2 mb2
or by
kx2 - ky® ky? - kg2 kz2 - kx2
e b2 b2

APPARATUS AND TESTS
Apparatus and Geometrilic Characterlstics of Models

Testing technique and construction of spln models
are described in reference 6. Dimensions of the air-
planes represented by the two models used for the present
tests are gliven in table I. Three-view drawings of the
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models, which are deslignated A and B, are presented in
figures 2 and 3, and photographs oI the models are glven

as flgures

gear retracted.

1/20 for model B.

I} and 5.

The tests were made wlth the landing

Model A revresents a recent scout-bomber
alrplane and model B represents a recent experimental
fighter design.

MNass Loadings Tested

The scales were 1/18 for model A and

The inltlal loadling condltions of the models, as
represented by the lnertia moment parameters, were almost

the same.

In order to obtaln the other loadling condl-

tlons tested, lead ballast was redistrlibuted along the

three body axes.

center-of-gravlty location were held constant.
or retracting mass along any one axis lncreases or
decreases the moments of lnertla about the other two axes
and therefore changes two of the lnertla moment param-

The total welght of each model and the
Extending

eters, as l1ls shown by the following table:
Change in Algebralc change in
Extending I I I kx2 - kYE kY2 - kz2 kzz - kx2
mAss X Y Z =
along b2 be b2
X-axls |reecce-- Inorease |Increase|Decrease |[=———-e-e- Increase
Y-axis Increase |==e=—=w=- Increase|Increase |Decrease |-=——e—cw=-
Z-axis Increase |Increasge |~=~==wwe=|-cececaaca Increase |(Decrease

The three lnertla moment purameters therefore are inter-

related, and any two varameters determline the third.

It

1s Impossible to vary only one purameter at a time and
determine 1ts effect.

In most cases 1t was lmpossible to make the deslired
retruction of mass along any one axls, and accordingly
changes that gave the desired values of the l1nertla moment
parameters were obtalned by extendlng mass along the
In order to change appreclably the mass

other two &axes.

distribution along the Z-axla, welghts were installed on
rods that passed through the center of gravity
projected 1into the alr stream.
effect of the rods on the spin and recovery character-
1stics was small.

und

Tests 1ndlcated that the
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In tables TI and III, which show the various loading
" coriditions ‘simulated on models- A and B, respectively, the
actual changes made to obtaln the various loadings and
the effectlive changes thus simulated are glven, Tests
for models A and B were made at equivalent spin altlitudes
of 6000 and 8000 feet, respectively.

Accuracy

Because the models were damaged frequently during
the tests, 1t was recognized that the results obtalned
were primarlly of gqualltatlive value and were not acourate
enough to permit rigld quantitatlve comparisons. Check
tests with the models in the lnltial 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 conflguratlons,
the results obtalned may have been influenced by sensi-
tivity to small varlatlons 1n control settings - espe-
clally at conditions for which the results varlied greatly
with changes 1n alleron and elevator settling.

PRESENTATION OF RESULTS

The detaliled 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 alleron and elevator
settings. Thekeys in the lower right-hand corners of the
charts show the order of presentation of the results in
the boxea. 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 untll the spln rotation
ceased,

A simplified presentation of the results, which
shows directly the effects of changes 1ln mass dlstribution
on the optimum directlion of alleron and elevator settlng
for recovery, on the angle of attack, on the angle between
the Y-axlis and the horlzontal, and on the turns for
recovery from the spin at the normal spinning control
configuration (allerons neutral, elevators up, and rudder
full with the spin), is given in figure 6 for model A
and in figure 7 for model B. 1In these flgures, a questlon
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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 caontrol confilguration for splnning. The quanti-
tative effects of the changes 1n 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 alrplanes 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 condltion
(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 alleron-against spins were falrly
flat and recoveries from these spins were slower than
from alleron-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 1n the models.

Varlations in Mass along Body Axes

Along X-axis.- Figure 6 shows that for model A an
extreme extenslon of mass along the X-axis (condition 2)
had 1ittle 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 allerons were set against the spln. Retracting
the mass distributed along the X-axis (condition l)
steepened the spin at the normal control configuration,
increased the angular veloclty, prevented the model frem
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- splnning with the_ elevator neutral or down, and reversed
the effect of aileron setting on reécdvery from-that --
obtalned 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 obtalned for model A.

Alo Y-axis.~ For both models, retracting mass
along EE% wing accentuated the effect of aileron setting

on recovery, and extending mass along the wing reversed
the effect of aileron setting on recovery. No consistent
variation in angle of attack with the mass variations

was apparent.

Alo Z-axis.- For both models, either retracting
mass along the Z-axls (condition 10) or extending mass

along the Z-axls (condition 8) retarded recovery from the
spin at the normal control configuration. The angle of
attack did not change appreciably 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 alleron
and elevator control settings., spins were obtalned for
model B when the allerons were neutral or with the spin
and the elevators were neutral or down. During these
spins the fuselage was nearlg horlzontal, and the inner
wing was up approximately ;5°. Recoveries from these
spins varied considerebly, and the model tumbled - that
is, 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 in a spinning attitude.

Special Loading Conditions

ual moments of inertia.- Tests made with all
moments of Inertla 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 aillerons were neutral or with the spin,
however, model A continued to rotate and the value of a
varted between 1limits of -4° and 46° and the wing incli-
nation varied between limits of 30° 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 inertla.- In an attempt to
determIne the Importance ol the moments of inertia as
compared with the moment-of-lnertia differences, all
three moments of lnertlia were increased by equal incre-
ments from the 1nitial single-engine loading conditions
so that the inertia moment parameters remained constant
at the 1nitial values. The results obtained at this
loading (condition 13) indicated little effect of the
Increases 1n moments of inertia upon elther the steady
spln or the recoveries obtained by rudder reversal.

Typical multiengine loading.- Loadlng conditions
that were consldered representatlve of the mass distrl-
bution of multiengine alrplanes were obtalned by extending
welght along the wing and effectively retracting welght
along the fuselage (condition 12). The control effects
obtained were typical of multiengine models in that
alleron-against and elevator-down settings tended to
prevent the spin. The alleron-with spins obtalned were
much flatter than the corresponding spins for the initial
loedings; however, the spins obtalned with allerons
against and at the normal spinning control configuration
were steeper.

Effect of Aerodynamic Differences in Models

The two models tested dliffered somewhat 1n aerodynamic
characteristics as measured by the tall deamping-power
factor (see table I) and in other respects such as wing
location. These aerodynemic differences were large senough
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 expedlited recovery. MWModel A had a
partial-length rudder so that deflecting the elevators
elther 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
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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 leas 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 lncrement
in pltching moment even though they were stalled.

With the greatest extension of mass along the X-axls
tested for model A (condition 3), the model would spin
when the allerons were set agalnst 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 1n the longltudinal
stabllity characteristics of the models. Extension of
mass along the fuselage lncreases 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 spln-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 notliced that the ratio of horlzontal-tall area
to wing area was conslderably smaller for model B than
for model A. Brlef tests were therefore made with the
stabllizer area increased for model B (aerodynamic diving
moment Increased), and splns were obtalned when the
allerons were agalnst the spin.

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

Elther extending or retracting mass along the Z-axls
of model B caused the spins with the ailerons agalinst the
spin (elevators neutral or down) to become very oscil-
latory in pltch 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 glven results that were
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somewhat different from the present results. The indl-
catlons are, however, that the effects of the mass changes
on the relatlve effectiveness of the controls in producing
recovery would have been the same.

Effect of Individual Inertlia Moment Parameters

Certaln inferences concerning the effects of the
i1ndividual ilnertia moment parameters can be made from the
preceding results. It appears that, as was previously
indicated and explained in reference 1, the directions
of alleron and elevator deflectlions for optimum recovery
vary withathe value of the lnertlia yawling-moment param-

k -k
eter - T . pigures 6 and 7 show that, when mass

2
© ky2 - k
was dlstributed chiefly along the wing — positive],
b

elevator-down and alleron-agalnst settings geneorally were
favorable to rapld recovery whereas, when mass was dlstrl-
ky2 - k

bl
elevator-up and alleron-wlth settings were, 1n most cases,
favorable to recovery.

buted chliefly along the fuselage negative),

Varying the mass along the wing (conditions 1, 5, 6,
and 7) had little conslistent effect on the attitude of
the spin at the normal control conflguratlon - an indi-
catlon that, for a constant value of the 1lnertia pltching-
moment parameter, varlations of the inertia rolling-
moment or lnertlia yawing-moment parameters do not affect
the spin attlitude. Thls result agrees with conclusion 1
of reference 3. When mass was distributed chiefly along
the wing (inertla yawing-moment parameter positive),
ky2 - ky2

bl

the attitude of the spin at the normal spinning control
configuration; low values of the parameter resulted in
steep spins. A simple qualltatlive explanation for this
steepening of the spln 1s that, when mass was effectively
added along the Z-axls, the centrifugal forces acting on
the mass along the Z-axls gave a pltching moment that
nosed the model down.

the inertlia pltching-moment parameter determlined
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When mass was distributed chiefly along the fuselage,
the spin attlitude did not .vary.consistently with any
parameter until the inertia pliching-moment paramete¥ " -
was made so large or so amall that spinning equilibrium
could not be maintained.

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

When mass was distributed chlefly along the fuselage
(inertia yawing-moment parameter negative), the adverse
effect on recovery of setting the elevators down was
ezshasizgd as the inertia rolling-moment parameter
k -k

Z approached zero.
b2

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 alrplanes having different geometric arrangements
and aerodynamic characteristica. The test results were
analyzed to 1nvestigate 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 aerodynamlc characteristics of the design. The
test results indicated the following qualitative conclu-
slons:

l. The value of the inertia yawlng-moment parameter
mainly determined the effect of alleron 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
pltching-moment parameter determined the attitude of the
spin at the normal spinning control conflguration.
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2. The value of the inertia pitching-moment parameter
determined the angular velocitles of the spins.

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

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

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS

T i Model A Model B
Wing span, ft . . e ¢ s o ® <+ o s « @ 3g g
Over-all length, ft B T~y g 29.
Normal weight, 1b . . « « « « « « « & 6ﬁso 63ho
Normal c.g. location,
percent M.A.C. . . . . e s e e e o 29.1 31.5
Wing:
Area, 89 ft . « . ¢ ¢« ¢« « ¢ 4 4« . . 259 232
Section
Root . . . « « o« « « o« o o« « NACA CYH, NAC4a 0015
18 percent
thick
Tip .« . o . « « o o« » « o NACA CYH, NACA 23009
11.8 percent modified
thick
Root (reference) chord, in. . . . . 98.7 100.0
Root-chord incidence, deg . . « « + « & 2
Tip-chord incidence, deg . . « . « « « . O 2
Asnpect ratio . « .+ ¢« ¢« ¢ . o . W . « 5.9 5.3
Sweepback of L.E.
of wing, deg . . e . « 1.6 (approx.) 3.6
Diliedral at 30 percent
Top, 3
Quter
chord line, deg . *  panel Bottom, 5% 3
M.A.C., in. . . . e e e . - . 83.3 8L.3
L.E. of M.A.C. rearward of
L.E. of root chord, Iin. . . . . . . . 3.1 5.6
Allerons:
Chord, percent root chord . . . . . 16.4 11.3
Area behind hinge line, sq £t . . . 9.% 12.3
Span, percent b/2 . . . . . . . . . 36, Lo.5
Horizontal tail surfaces:
Totel area, 8¢ ft . « « « « « « « o 61.1 30.5
Span, ft . . . . e« « « « . 14.8 10.9
Elevator area behind hinge
line, 8@ £t « « « « « o« « + « « « « 28.1 12.0
Distance from c.g. to elevator
hinge 1llne, ft . « « « « « « . « + 16.8 16.2

NATIONAL ADVISORY
GOMMITTEE FOR AERONAUTICS
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TABLE I ~ Concluded

DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS - Concluded

Model A . Model B
Vertical tall surfaces:
Total area, sg ft . « + « « + « . « . 25.8 . Wy
Rudder area behind hinge :
11n0, Sq ft [ ] . a a . r [ ] s [ ] [ ] . a 13.5 8.0
Distance from c.g. to
rudder hinge line, ft . . . . . . . 16.7 16.5

Maximum control settlngs: :
Rudder, deg . . « « « ¢« =« « « « 30 right, 30 right,

30 left 30 left
Elevators, deg . . . . . . 30 up, 20 down 35 up,
15 down
Ailerons, deg . « . « . . . 350 up, 15 down 25 up,
10 down
Tall demping-power factor
(calculated according to
method of reference 8) . . . . 0.0000727 0.000175

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE II.- PULL-SCALE MASS DISTRIBUTION OF MODKL A POR VARIOUS LOADING CONDITIONS TESTED

[Iing loading, 25 1b/sq ft; equivelsnt test eltitude, 6000 ft; reletive density F;—; ot test altitude, 10.0]
Actual change | Effective change Ix Ty Iz xx Xy Xy | kx® - kg2 iy? - k2 | kg2 - k2
Condition 1n1t1e] Tosding | nitie] loadtng | (s1u-fe2) | (slug-re2) | (slug-re2) | 572 | 72 | 72 b2 b2 b2
1 - 14,000 6,680 9,960 0.229 | 0.297 | 0.362 | -88 x 10-k | -108 x 10k | 196 i 10k
Mass extended ’
2 .;;;‘ polpar (b) k,000 12,520 15,800 229 | .ho5 | 456 | -280 -108 388
3 | ccesnes do-=venn (b) k,000 16,300 19,580 .229 463 507 | -hok -108 512
Mess extended Mess reétreoted
4 along Y- and along X-axie 13,480 11,590 14,870 21 .390 2 62 -108 Lé
Z-axes
Mass extended Nass retreoted i B
5 elong X- and slong Y-axis 7,270 13,230 13,230 .309 418 418 | ~196 0 196
Z-axes
M extended :
6 along Y-axis (v) 8,960 6,680 1k,920 343 | o291 Ab3| 75 270 196
R [ do-wemen (o) 12,140 6,680 18,100 399 | .297 | 488} 180 =375 196
M extended )
8 _;;;‘ PR (b) 7,280 9,960 9,960 .309 .362 | .362| -88 0 88
9 | ememees domemene {b) 9,960 12,640 9,960 .362 o8 362 | -88 88 0
Mass sxtended Mass retracted .
10 along X- and elong Z-axie 6,965 9,645 15,900 .302 .356 457 -88 -205 293
Y-axes 5
Mase extended i
c11 along Y- and () 12,640 12,640 12, 640 k08 | .L08 | .ho8 o ° )
Z-axes :
Mase extended Mass extended
42 grone, Y ] S irented 11,380 9,420 w600 | .387 | .352 | .A438| & -170 106
elong X-axis X
Maes extended :
13 elong X-, Y-, ¥one 7,150 9,830 13,110 307 .359 Jas | -88 -108 196
ond Z-axes . 5

S7nitiel loeding eondition (typicel single-engine loading).
bgrrective change ssme as ectuel change listed in preceding column.
C¢Equel moments of inertie.

drypicel multiemgine loading.

NATIONAL ADVISORY
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TABLE IIT.- PULL~SCALE MASS DISTRIBUTION OF MODEL B POR VARIOUS LOADINO CONDITIONS TESTED

[:ling loading, 27.3 1b/eq ft; equivalent test altituds, 8OO0 ft; relative dsnsity

Z_ at teet altitude, 13.0
= , 13.0]

Actual change Effective change Iy Iy I _kL xy "xa - kYz k!2 - kzz kz2 - x2
Gondition 1n1t1:!]‘.mioadina initiairnading (slug-rt2) | (slug-£t2) | (slug-re2) | v/2 /2 v/2 ve be b2
LS T R, [ORPORE 3,050 5,250 7,850 0.225 | 0.295 { 0.360 | -91 x 104 | _108 x 107% 199 x 1074
Maee extended : . :
2 along X-axie (b) 3,050 10,500 13,100 .225 L8 66 | -309 -108 k17
3 ----------------------------- oo | mmccssvecs | cecvvccccss | esowcccces | cocse | eveve | cover | coveeraves | eo. wermccss | csscoccses
Mass extended Maee retracted
4 ;10115 Y- and along X-axie 12,650 10,980 13,580 59 426 ks 69 -108 39
~AX00
Mass extended Maee retraocted
5 glong X- and slong Y-axie 5,650 10,450 10,450 .306 e 416 | <199 1] 199
-2X08
P 53335-;3:35:6 () 6,940 5,250 11,740 340 | 295 | Lhha 10 -269 199
S Ip— dgenmenn (®) 9,520 5,250 14,320 397 295 | .b87 { 176 =375 199
8 Preere {v) 5,650 7,850 7,850 306 | 360 | .360 | -:1 0 91
9 | emee-- do=-maman (b) 6,750 8,950 7,850 .33L -385 -360 =91 L6 Ls
Masa extendsd Mass retracted .
10 ;J.nng X- and along Z-axis 4,520 6,720 10,790 .27h 335 L2 [ -91 -169 260
-axee
Mase extended
along Y- and
€11 Z-axee and (b) 7,850 7,850 7,850 .360 .360 .360 0 0 [}
rastracted
along X-axis
Mase extended Maee extended
along Y- and along Y-axie
d12 Z-axes and and rstractsd 6,750 5,250 9,360 334 | 295 | .39 62 -170 108
retracted along X-axie
along X-axis
Mass extended
13 along X-, Y-, None 5,990 8,190 10,790 .31 .368 b2l -91 -108 199

and Z-axee

4Initial loading condition (typical eingle-engine loading).
bEffective change esme as actual changs lieted in preceding column.
CEqual momente of inertia.

dTypical multiengfne loading.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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CHART 1 -SPIN CHARACTERISTICS OF MODEL A

[Effect of mass varatans alang the X-axs; foading as indicated; cackpit closed ; landing gear retracted; flaps neutral; reépvefy
by full rapid rudder reversal,; recovery attempted from and steady -spin data presented for rudder -with spins.; right erect"sp/n.s]

Canditian 4
Mass retracted along X-axs

WEAE- b2xi07

2
b’—b’z‘f= -108 %10 * I
2
KR gnp-t o)
ce|5U >3%
2/5\3.8
2490137
P57 g .
%% Sla
g No
(AN Al,eﬁn
i yjerd Na |V
T
T ,
ES1EN
NE
C%b No ¥
¢ o
Ma

@ wandering spin.
b O5c1//ata)% Spin,

Condition {
Initial loaaing

Condition 2 Condition 3 :
Mass extended along X-axis ‘

No means model would nat spm.

2. 2,2 2,2 '
WAL . g0+ 5‘?@‘1 = -280 %1074 ARV - 40451074
2_ 3 2 . & :
WK< j0gxi0mt @b | A ?" = -106 107* € WAz . -108x10%, ¢
L2 L2 Z .2
k- 196 51074 AR~ 568 07t [Wo || B85 = 512 i0™* Wb
60]/D 3 62]20) c
3727 /372.1 : Mo
60[4U 2% 3 68l/1U 3434 719U
128128 2 128E2.5 g c 125122 g
3434 S|e 1640] | L 02 Sg o0 S
& 152705/ % 5| Mo & of
292UNERT 7 48]/D T c ples
34030 v 5/4612Z w{t o8 Mo [V
57 5UNRE 125,23 [e8leUBe 1% % Auefmt _
j25(3./109% gy 2326004 gl c - N
3%:3 KR 191301 | [ 10,11 N 313 ‘
Q 2O Q
& 208153 v No o No
483U 141 55(1D o[
134,3./ 131124 No
564U A 66|2U 2%:3 7112V
2533 12028 11323 oMM i ATOWICS
43% 18.21 / o0
Also spins serkily. Fuselage appears to yaw| | Madel values converted (do,Fg ) (f )
to right about Z-axs in an attempt ta carresponding Vv
ta become harizontal. As fuse/age full -scale values.  I(eps) 'ng]&\
reaches harizantal, right wing U denotes mner wing up; Turns for
and nase drop. The cycle then repeats. | |0, inner wing down recovery

T 23eup
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CHART 1. - SAIN CHARACTERISTICS OF IMODEL. A - Confinued

[Effect of mass vanations along the Y-axis; loading as indicated; cockpit closed ; londing gear retracted; flaps neutral ; recovery
by full rapid rudder reversal; recorery attempted rfrom and steagy -spm data presented for rudder-with spins ; right erect Soms]

Conaition & Conaition 1 Condition 6 Condition 7
Mass retracted along Y-axs /mbial loading Mass extended along Y-axis
242 2,2 i 2,2 _ 22
BAL - 1960107 ACRE = -agap Kkl = 7540074 BB = 18041074
. 2_ 2,2 e
WEKE . ) d M2 - —jogrot PO\ AEAE - pmoape 5 | 58 = 57501074 i
2,2 3 - < 2 o
Kb - i96x07¢  [Nio | 458 = 196007 KEKE - 196x1074 [3der| | AGHE - o6 1107¢ sllzs
59[IU 6010|137 51Tiuj42]i0}b | oo 40]0 00
.C 13/12.5 37127 43le.6)i61125 161125
78\2y20r 1343 na 604U 223 340 | Jez2dlidz 331U >4
YO _ 2!' 4
20133 0 M 28|28 o 173|2.4 o 1762.4 R
8 ~pth T 8 S o )
) Sl A 3535 5|9 164D 113 S|R 49i2D| | 122:23 R 50[/D
AueY‘; R o Ny sETs! & 15137130 & pslal30
0qd" [58|3U 49 ZUAﬂPtn . 38|/U ANPEH’ 43.57 42 /ulml?";] 00
be¢ 12528 _y40[3.0 V! d MrEEng Jd Rz Nk
57/82)ayEor 1354 57/50pe e 23 H?",’,jt 212} ez,
11013 q J 2513.700™" "1 o 0" T o 0™ g
00 NE 53,3 313 19(30 33 47120 83 76/1D
&° No v 208/53, &° 13432 &S /31|32
59(2U 48|30 157 401U 3332 ad /5
b¢ 200 3 1343./ d 14933 d Nlo
l50/81 21)10 8,9 564U 07,03 13,14
luols.4 125[3.3 Nlo “N[o P
L_')O_ 3% '321 COVMITTEE FOR AERONAUTICS
a .
wangering spin. ‘ . o | @
? Oscilatory Jﬁﬂ. gOde’ values Soner ted \(deq) (deg)
o OC and @ vary between values indicated. o /50_’;’?5’/@,030/’535 (fv )
No means mode! would not spin. U denotes mner wing up; rerns ?OJYad
D, inner wing down. recovery

( *qu0D)
1 14®By)
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CHART 1.- SPIN CHARACTERISTICS OF MODEL A - Continued

[ff/ecz of /mass variations along the Z-aws;/oading as /ndicated; cockpit closed; fanding gear retracted;7laps 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 Condition 4 Condition 8 Condition 9 '
Mass retracted along Z-axis Initial loading Mass _extended along Z-axis
2_ 42 2_ 4 2 2_4 2 2.4 2
Keofd . gg xi0? B g8 )07 L . gg a0 KA . 1074
2 k2 2_p2 2_ 4,2 2 _ 42 o
Ko - 05x0°* @ KJL oo j08xi0-4 ab (L - o KoK ggri0rt e
2,2 17 15D
K2 - It -4 KE-hf » K- Fs -4 k- id
77 = 293%/0 —kgzh =196 x/0 ~Lpr*- = 88x/0 158)39| | =5z~ < O ¢ nlo
621D 60|/D %,/ 62180 . Ve 1a
1342.3 1377 1204.1 c Nlo
62140/ 3%.4% 60l4U 2%,3 7/ 7%,7%
13412.4 R 12812.8 < iiols6 g Vo 3 c
3, 4 NS 5/15D) ] |3%.3% B 16 40| | /! IS 284U NS
N rontl40l2.5 2 ool ?57 X oped 723 2 ol Yo
5710 WER129, 24 I g N 635U 4% TP
\Crons’j," 25 o 14030 onefl10l46 ¢ oy Nlo .
60UNE = [5%,3% 575U [2%.2% 70l5UNEF | o0 =7
3eed™ B 12503/ [0 2 oesle®™ T Ao 0™ g ¢
3 SIS - SIS - i) S
3%,34 SR 496 | |3,3% 5|3 1913D| | | o SE 33[4v §
& *8 ol SIS b S
™~ 146(2.71 o 20853 o 14315.3 2 Mo
s/ U 2%,2% 4E13U /1% 62 2.3 ¢
134|126 134131 110149 ¢ Nlo
583U 3,35 56[4U] 25,2% 7/ 15U ) '
125|12.6 12533 10514.9 Nlo AT AOUSORY
4,4 3%.,3% oo | COMMITTEE FOR AERONAUTICS -
Mode/ values converted | o2,
9 wan dering spin. to corresponding ( (])I( g)
Oscillatory spin. full-scale values. (1)l %%
No means model would not spin. U denotes inner wing up;{Turns for
D, inner wing: down. recovery
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CHART 1.- SPIN CHARACTERISTICS OF /TODEL A - Concleded

Eff/ecz of special loading condjtions; loaaing os inaicated; cockpit closed; landing qear retracted; /faps neutral; recovery
by rull ropid rudder reversal; recovery Gttempted from and steady-spin data presented for rudder-with spin;right erect 5p/ns:|

Condition | Condition 11 Condition 12 Condition {3
/mtial _Joading Fqual _moments of inertia Typical_multiengine loading |Increased moments of inertia
2,2 2,2 2 42 Z_ .2
Kl - - gg xi07* kiZhE - o KRS . 6axs07* Kt/ - g5 /07
2_ 4.2 2_x2 2_4 2 2_,2
Kok o oot @b |REL Lo [7_0’ o | B =170 x107* AL o joprio* @b
Kz‘/f2 KZ_KZ -4 46 8 K?_KZ P 4720 k2_k2 P
gk = 196 %1074 L <0 4 b7, Lk = /061/07%  [493.4|| “ipzt = /96 x/107
7
601D %, 1 -/ 44 P0apl—" ¥suel 382u 0 56]1U
372.7 c 31/.9 155133 134]12.6
60y 2%,3 VA 32150 25,3 624 2.3
2elz8 S N[o 9 ¢ 173}3.3 g _\l2sleg,  §
34,3% SIS ke 3S |\ % 3|5 P8O |44 SRS vl <10
i neiZ70al & s No S aol43l4.2 ] (e7132
#9201 % ¢ s of TN % 6 1550 2k, 26
v with s Ui
\,onﬂ/403.0 P ons Nio c o Nio 02 14313.1
575Ul 2%,24 NS 1] 52l6UM 12,2
12513/ 8l No | % 2 ¢ No P Rl el e gl
3,3% SR 1930 33 S3 2524 33 913D
o 2085.3 ° Nio N No &° 2045.3
48130 /.14 c c 45130 1%, %
13413.1 c 0 ¢ Njo 137,3.2
56|4U 2%,2/2 55150 2%,2%
12533 N|o Nlo 128{3.1 NATIONAL. ADVISORY
34,3k 3)h, 38| COMMITEE FOR AcRoNAUTMS
Model values converted |2 | &
N Wandering spin. to corresponding H%g) (deq)
Oscillatory spin . full-scale values. {f ps)I a@'\
No means model would not spin. U denotes inner wing up[Tarns for
d X and @ vary between values indicated. D, inner wing down. recovery

(*2uo0))
1 2dBUD

"ON Y¥V VDVN

600G1



CHART 2.- SPIN CHARACTERISTICS OF MODEL B

EEffecz‘ or mass varmtions along the X-axis; loading as Indicated; cockpit closed; landing gear retracted; flaps neutral;recovery
by full rapd rudder reversaly recovery attempted from and Steady-spin data presented for rudder-with spins; right erect spins)

d Condition 4 Condition 1 9 Condition2
lMass retracted along X-axis /nitial loading Mass extended along X-axis
2 4 2 2_) 2 2 4 2 ‘
KR < sgx07 MR < o107 Bl < -309x/07*
- 2, 2 v 242 :
KK 1080107 Bke . iogno as Kk o jogxi074 &
N 2 pe.2 2_ ) |
“L‘z—k Zb/(x.? = 39x/07* k—z—szk = 199x/07* —1777-1—/( K - 4195007 Ao
30l0 53120 Y%, 74 e ' -
e 75514.7 6925 e Nlo
HE oo 59]30 %2/ .
Mo R . 1632.5 T be Mo L e
gs 2% B 3|3
X N L ! &
g 0 gy A . N ar\’ Nlo
e IS 49 [2DInsER’ | 1% € pon |
e ol Mo | I P e | Ao :
“Zﬂnst 55{3U net|2, 24 st
o Je9 T e 671281 B[ b No 29" TS -
% 3 3%,3% § 3 N g '
e Nlo T 5 Nlo
€ 4712D 17 €
e Nlo 165)2.8] € Nio
54 13U 3k, 4 X
Nlo 15912.8 Nlo Mo sonsoey
5,/2' 6 m;mrr,ronm
9 Wandering spin. Model values comverted|ireq) {d%
Recovery was attempted before model reached final attitude. to corresponding P71 IL
€ Steep spin. : rull-scale values.  \ifp s)fr 9%
Condition 3 was not tested ror model 8. U denotes inner wing YP{ Turns for|
No means model would not spin. D, mnner_wing down. | _recovery
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CHART Z2.— SFIN CHARACTERISTICS OF /MODEL B - Conknued

(*3u0) )
2 2aeud

[f//ecz‘ of mass variations along the Y-axis;/loading as Indicated; cochpit closed;landing gear retracted; flaps neutral; recover y
by Full rapid rudder reversal; recovery attempted from ond steady-spin data presented for rudderwith spins ;right erect sp/rzﬂ

Condition 5 ' Condition 1 Condition 6 Condition 7
Mass retracted along Y-axis /nitial _loading Mass extended along Y-axis
2,2 2,2 2_ .2 2,2 .
KEfL - 199 x107 KEEE - 91x1074 L. 7051074 L = 176 x107*
7,2 2,2 242 2 42 :
L. o a BR - jogyot @b | B 6907 LB - 375x107*
kP - ko ¢ ké- K 4 KE-kd o P2B 2oy ¢ 24120
—Eprk = /99 %107 4 =199x/0° —igzi-= /99 x/0°* i7612.3 —Lﬁ‘—: 199 %107 170|2.3
@[3573D] 5312D be, % 52120 >3 5/10 >7
d. 7262.] 16912.5 a 176]2.3 74]2.3
P8/B6PIU/s, 17%,2% 59[3u 172, V% 30]20 3,3% 29y >3%
1702.4 < ¢ 163(2.5 2 bc 2522.4 2 2502.3 <
2,2% 3|8 1%4,2% SIS 72,12 S 4514D| || f2, RS J/|1D]
™ o qdl N 8227 S 7027
37D NS #9]20pS /7% 42 6UNST >7 33[2UNSy >0
ge I v 7327 v J88z7] £ 8328 ¥
2850 o 3, 3% 552 2% 517, 2 L 2
iz o Qe c l6rl2al L pe TR Mo ™ 2l ¢
00 B3 3%, 3% 33 33 414D 33 481/D
i ad® g &° 188[2.9 £330 17012.7
#4]0 47)20 /% 5134|6050 4 ,4% 5.6
@ = 179|2.7 - /6;' 2.8 £ @l/”f 2-j/a./ yd No =
8617°Y23 sl 3V 378, ¢4 1%,2% Q
157|2.8 /5912.8 N Nio NATIONAL ADVISORY >
o0 5%, 6 CGMMITTEE FOR AERONAUTICS -
)
9 Wwandering spin. € O and & vary betueen vaises mdcated. |[T0%! valves converted ) 7 ) (dz | &
Recovery was attempted before model / No means m};de/ would not spin to corresponding 7 g =
; ' ; Tuil- scale  values, - GA o
R giggheg /;/na/ attitude. g Ve/c/x/t/e.s an(;/ a/;g/des vary between 7 iortos mner ng uos 7'5/’/)75/‘;' S
d D 2P vaiues /naicaced. D, mner wing_down. recovery

oscillatory spin.
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CHART 2. — SPIN CHARACTERISTICS OF MODEL B - Corfinued

[Effecz‘ of mAass variations along the Z-axis; /oading as /ndicated; cockpit closed ; janding qedr retracted ; flaps neutral; recovery
by rull rapid rudder reversal; recovery attempled from and steady-spin data presented for rudder-(ith spins;right erect 5p/n5]

Condition 10 Condition 1 Condition 8 Condrtion 9 |
Mass retracted glonq Z-axis Initial loading Mass extended along Z-axis
2oy 2 g2 2_j 2 2_ 42
R o "W - gjniot KR - g1es07 BB gm0t
2_p 2 2. 2_)2 _ k2 :
B4z - e9xo e | T T V- T .. 4 WKL - 4eq0t gD
2 _ 4 2 2_p 2 2_ 2 1o 2 ,
KB - 26pdpt JE520| | B = 19910 BRE - a0t Mo | |55 = 450074 Al
961120 1% 532D Y, % 52llu - h
9 16/12.1 169|2.5 7313.3 £h N
63|0 >3 5913V 1%,2% 64|50 >3%
150}2.4 o 16312.5 2 bec /50134 o Mo R
>4 SIS 5214D) | 24,24 HES 00 Sls  [20zD ¥ (7537
g 177]2.3 o 8 & 7545.8 s sl6alsS
60ID 49l2D N 7% 53kd 4 B3l 22 Ve
deg 15324 gsl7327] St de 63|38 £h 1
B0l (>3] s DS BUNEH] 2, 24 (3378?90 [>9] - K135, 9
153]2.4 g-/ﬂ%ﬁ/' /2808 0 bic /53]3.) 2T e? No "™
=7 ) g -3% “PBlD] |23 §3 G 1) S5 ol
Bt X oSS WSS 3iEg §°  Jsllag
o™ [62]2D 472D 1% 0 Bil20] 12%,2% B2 el _—>/3
de 15324 1652.8 de 153]3.8 5k 189l56]
49,/7612%4pt >4 % 543U 3%,4 (32529950 T oo 7.3
153]2.5 15912.4 /4613.9 N . oo
>6 [5%.6] o COMMITTEE FOR AERONAUTS
a Wandering spin. Model values converted (d?q} ( dg-)
Recovery was gttempted before model reached final attiiude. to corresponding vV
¢ Steep spin. * No means mode! would not spin.  |full-scale values. . i D5) "'lﬁ )
a Oscﬂ/at%//n oitch and roll. 70n verge of recovergo.t/ U denotes inner Ling U Turns for
€ C and & vary between values indicated. 7Mode/ tumbled [rotated about lateral axsip inner 1jing down. recover

Mode! tumbled arter recovery.

"ON ¥YV VOVN

60061

(*2u0))
2 13eyp




CHART Z.- SFIN CHARACTERISTICS OF /TOD¥L B~ Concluded

[ff/ ect of special loading conaitions; foading as indicated; cockpit closed; landing gear retracted;slops neutral; recovery

by tull rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spin ;right erect 5/”’7;"

Condition §
Initial _loading

Condition {1
Fqual moments of inertia

Condition 12
Typical _multienqine Joading

Condition 13
Increased mpments of inertia

k2 2_ 42 2_p2 2_,2
KERE - 91 x10* KL, o KN Lezx1074 LN <9 x107#
2_42 2_ 2 2_42 2_4 2
B - -j08x07¢ gl | Bl o ¢ K J e r7oxion* ) KAE —i08x10°% 2
2_ )2 ke 2 2. 4
K M- 19951074 L o HEKE L jogxs0-4 7| | HESBE < 199 x1074
53]2D %, % ¢ A o0 5512D 1’4
16912.5 d /79130 63[2.2
593Ul —"11%,24 28] 0 >3% 534U 2%
/63)2.5 2 be Mo IS g 23313.3 < i63)2.1 R
/%24 HE 5(3 ¥z g% 4510 | |1%,7% 3 16 112D
ais o2 L3 < Mo cig A7613.6 i k9814 2
ER A WL puec? N2, 4 A AN
RSIIT% i o Mo | d o5 W eeelzel v
S350NE s 2,24 e o 50| aNEL 11%,2%
6712800 Of he Mo Jo™ gl o Mo 1o0% s j63]z6la®™ R
3%,3%) S N 813 39l/D) | [2%.2% S 17140
e, o, Nio S 170139 N 3045.0)
47120 /% 253 44i2U] 2
1652.8 d No d No 176|2.7
54130 3, 4 50\|5U 34,37
1542.8 Np Ne 170\12.7) NATIONAL ADVISORY
5};_; & 45,5 COMMITTEE FOR AERONAUTICS
Z Wandering spin, Mode/ values converted d:( b o’E—l
o Recovery was attempted berfore model reached final atiitude. to corresponding ( VQ) j%)
Steep spin, full-scale values. d
d No means model would not spin. U denotes inner wing up; %ﬁﬂg 7or
D, inner wing down., recovery

{ *2U0D)
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Mass extended along fuselage

/120 /60 200 240 280 320 360 400 440 480 520 560 600 640 680)(19 +

g
/

%
s,
%‘%ég
. %, Medel
o5 A
%%, g 8 ,
B o Numbers beside symbels indicate loadmg
%% conditions tested. (See tables II and III)
3 %%
% %,
Y A
b S
®
2 %
K «ff_ °
® 4
All'moments of inertia increased % e
o

equally from initial loodin
N %

£ 5
eference 1 & @

4 NZAaa
'\ ,—>—Reference 3
~N U
= Ref/e[rence Z
e 8 .
] b A A
) a Multiengirie loading
urL‘/-Eq;q( r;ome;fs !o}mult}a Q’*@
Or— T %1 ——- Y by
80 40 0 -40 -80 -0 -160 -200 -240 -280 -320 -360 -A00 -440 -480 -520 560 -800 -649 -680X10
ky’— k2* WATIONAL ADVIRORY
Mass extended qlonj wing COMMNTTEE FOR AENORAVIICS

Fiqure 1.- Conditions tested with models A and B and ranges of
inertia. moment parameters for invesfigaﬁons described in
references 1 to 3.
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Fig. 2 ‘ NACA ARR No. L5CQ9

£ clevaror A/ -/ ”
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NACA ARR No. L5CO9 Figs. 4,5
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Figure 4.- Side view of model A.
Tests made with landing gear
retracted.

Figure 5.- Side view of model B.
Tests made with landing gear
retracted.
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Figure 6-A simfliﬁed fnsentation of the results obtained with model A.
oc, @, and turns for recovery are given for the spin at the normsl !
sPinninq contral configuraﬁon (ailerons nevtral, elevators up, rudder with).
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Fo’gure 7.— A simplified presentation of the results obtained with ‘model B.
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