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A spin investigation has been conducted in the Langley 20—foot fres—
spinning tunnel on a-%z-scale model of the North American XP-86 airplans.

The effects of control settings and movements upon the erect and inverted
spin and recovery characteristics of the model were detsrmin=d for the
design gross weight loading. The long—range loading was elso investigated
and the effects of extending slats and dive flaps were determined. In
addition, the investigation included the determination of the size of
spin—recovery parachute required for emergency recovery from demonstra—
tion spins, the rudder force required to move the rudder for recovery,

and the best method for the pilot to escape if it should become necessary
to do so during a spin.

The results of the investigation indicated that the XP-86 airplane
will probably recover satisfactorily from erect and inverted spins for
all possible loadings. It was found that fully extending both slats
would be beneficial but that extending the dive brakes would cause
unsatisfactory recoveries. It was determined that a 10.0-foot—diameter
tall parachute with a drag coefficient of 0.7 and with a towline
30.0 feet long attached below the Jet exit or a 6.0-foot—diameter wing—
tip parachute opened on the outer wing tip with a towline 6.0 feet long
would insure recoveries from any spins obtainable. The rudder—pedal
force necessary to move the rudder for satisfactory recovery was found
to be within the physical capabilities of the pilot.

INTRODUCTION

In accordance with the request of the A fftcriel Cormand, U. S. Air
Force, tests were performed in the Lapgledig@b+ pinning tunnel
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to determine the spin and recovery characteristics of a ;Lu—scale model

2k
of the North American XP-86 airplane. The airplane is a single—placse,
Jet fighter with sweptback wing and tail surfaces.

The erect and inverted spin and recovery characteristics of the
model were determined for the design gross weight loading and also for
a long-range loading. In addition, tests were made with slats extended
and with dive flaps extended. Spin—recovery—parachute, pilot—escape,
and rudder—force tests were also made.

SYMBOLS
b wing spén, feet
S wing area, square feet
€ wing or elevator chord at any station along the span
& mean aerodynamic chord, feet
x/E ratio of distance of center of gravity rearward of

leading edge of mean aerodynamic chord to mean
aerodynamic chord

z /€ ratio of distance between center of gravity and thrust
line to mean asrodynamic chord (positive when center
of gravity is bslow thrust line)

m mass of airplane, slugs

Iy, Iy, Iy moments of inertia about X, Y, and Z body axes,

respectively, slug—feete

inertia yawing-moment parameter

mb*
=2z
inertia rolling~moment parameter
b
=y
5 inertia pitching—moment parameter
mb

p air density, slugs per cubic foot
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relative density of airplane <}£§;

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

angle between span axis and horizontal, degrees

full—-scale true rate of descent, feet per second

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

helix angle, angle between flight path and verticel,
degrees (For the tests of this model, the average
absolute value of the helix angle was approximately L4°.)
approximate angle of sideslip at center of gravity,
degrees  (Sideslip is inward when inner wing is down
by an amount greater than the helix angle.)
APPARATUS AND METHODS

Model

The éiu—scale model of the North American XP-86 airplane was built

by North American and was checked for dimensional accuracy and prepered
for testing by the Langley Laboratory. A three—view drawing of the
model as tested is shown as figure 1. Dimensional characteristics of
the alrplane are presented in table I. Tail-damping power factor was

\ computed by the method described in reference 1. Photographs of the

} model in the different configurations tested are shown as figures 2 to 5.

The model was ballasted to obtain dynamic similarity to the airplane

at an altitude of 15,000 feet (p = 0,001496 slug/cu ft). For the
pilot—escape tests, use was made of & model of a 200—pound men also

ballasted at 15,000 feet. A remote—control mechanism was installed in

the model to actuate the controls for the recovery attempts, to release
‘ the pilot for the pilot—escepe tests, and to open the parachutes for the

! tail and wing—tip—parachute tests. Sufficient moments were exerted on

the controls for the recovery attempts to reverse them fully and rapidly.

Wind Tunnel and Testing Technique

The tests were performed in the Langley 20-foot free—spinning tunnel,

the operation of which is, in general, similar to that described in
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reference 2 for the Langley 15—foot free—spinning tunnel, except that the
models are launched by hand with spinaing rotation into the vertically
rising air stream rather than launched by spindle. The airspeed is

ad justed until it balances the wsight of the model and, after a number of
turns in the established spin, recovery is attempted by moving one or
more controls by means of the remote—control mechanism. After recovery
the model dives into a safety net. The model is retrieved, the controls
reset, and the model is then ready for the nsxt spin. A photograph of
the model during & spin is shown as figure 6.

The spin data presented were obtained and converted to corresponding
full—scale values by methods described in reference 2. The turns for
recovery are measured from the time the controls are moved, or ths para—
chute is opened, to the time the spin rotation ceases and the model dives
into the net. TFor the spins which had a rate of descent in excess of
that which can readily be attained in the tummnel, the rate of descent
was recorded as greater than the velocity at the time the model hit the
safety net, for example, >300. For these tests, the recovery was
attempted before the model reached its final steeper attitude and while
the model was still descending in the tunnel. Such results are con—
servative; that is, recoveries will not be so fast as when the model
is in the final steeper attitude. For recovery attempts in which the
model struck the safety net while it was still in a spin, the recovery
was recorded as greafer than the number of turns from the time the
controls were moved to the time the model struck the net, as >3.

A >3—turn recovery does not necessarily indicate an improvement over
a >T—turn recovery. For recovery attempts in which the model did not
recover, the recovery was recorded as «. When the model recovered
without control movement, with the controls with the spin, the result
was recorded as "no spin."

Spin—tunnel tests are usually made to determine the spin and
recovery charactsristics of the model at the normal-spinning control
configuration (elevator full up, ailerons neutral, and rudder full with
the spin) and at various other aileron—elevetor control combinations
including zero and maximum deflections. Recovery is generally attempted
by rapid full rudder reversal. Tests are also performed to evaluate
the possible adverse effects on recovery of smell deviations from the
normal control configuration for spinning. For these tests, the allerons
are set at one—third of the full deflection in the direction conducive
to slower recoveries and the elevator is sst at two—thirds of its full—
up deflection. Recovery is attempted by rapidly reversing the rudder
from full with to only two—thirds against the spin or by movement of
the rudder to two—thirds against the spin in conjunction with moving the
elevator to one—third down. This control configuration and movement is
referred to as the "criterion spin." Recovery characteristics of the
model are considered satisfactory if recovery from this criterion spin

requires Ql turns or less. This value has been selected on the basis

L
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of full—scale airplane spin—recovery data that are available for
comparison with corresponding model test results.

The testing technique for determining the optimumn size of and the
towline length for spin—recovery parachutes is described in detail in
reference 3. For the tail-parachute tests, the towline was attachsd
to the model at the junction of the horizontal tail and the rear tip
of the fuselage above and below the jet exit. The parachute was packed
under the horizontal tail on the right side of the fuselage for right
spins. Wing—tip parachutes were attached to the outer wing tip. When
the parachute was attached to the wing tip, the towline length was so
ad justed that the parachute would Just miss the horizontal tail. In
every cass, the folded parachute was placed on the fuselage or wing in
such a position that it did not seriously influence the steady spin
before the parachute was opened. For a full—-scale wing—parachute
installation, it is advisable that the parachute be packed within the
wing. Full—scale—parachute installations should be provided with
positive means of ejection. For the current tests, the rudder was
held with the spin during recovery so that the recovery was due entirely
to the effect of opening the parachute. Silk parachutes having a drag
coefficient of approximately 0.7 (based on the canopy area measured
with the parachute spread out-flat) were used for the spin-recovery—
parachute tests.

For tests to determine from which side of the spinning airplane it
would be best for the.pilot to make an emergency escape, the pilot
model was released from the inboard and outboard side of the fuselage
at the cockpit for both steep and flat spinning attitudes, and the
path it followed was noted.

The full—scale rudder—pedal force necessary to move the rudder for
recovery in a spin was determined from model tests. For these tests,
tension in the rubber band which pulls the model rudder against the
spin was adjusted to represent a known value of rudder hinge moment,
and recovery tests were made. The tension was reduced systematically
until the turns for recovery began to increase. The model rudder hinge
moment at this point was converted to corresponding full—scale rudder—
pedal force at the equivalent altitude at which the tests were run.

Precision

The model test results presented are believed to be true values
given by the model within the following limits:

(Gh ez E st S DS M, RO B e SIS S S e 15 0 & 5 a0 G AR cdo o < sl
T L R AR ol B e e R R L
VPN DETCETIE oo ' T L s 1oF 03 [0 ot |00 o [ il s otk o Mo ERLaL [or it e o ST Toh R )
Q’ percent . . . . . . . . . . - . . . . . . . . . . . . . . . . . . ﬁ

L turn when obtainsd from motion—picture records

Turns Efor TSCOVORY . » 1 ] . )
ié-turn when obtained from visual observation
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o The preceding limits may have been exceeded for soms of the spins
see in which it was difficult to control the model in the tumnmel b=scause of
the high rate of descent or bscause of the wandering or os01llatory
nature of the spin.

@

Comparison betwsen model and full—scale results (references 2 and 4)
indicates that spin—tunnel results are not always in complete agreement
with airplane spin results. In general, the models spun at a somswhat
smaller angle of attack, at a somewhat higher rate of descent, and at
from 5° to 10° more outward sideslip than did the airplanes. The com—
perison made in reference 4 for 20 airplanes showed that approximately
80 percent of the models predicted satisfactorily the number of turns
required for recovery from the spin for the corresponding airplanes and
; that approximately 10 percent overestimated and approximately 10 percent
underestimated the number of turns required.

Little can bs stated about the precision of the pilot—escape tests
because no compsreble airplane data are available. It is felt, however,
that if the model pilot is observed to clear all parts of the model by

1 a large margin after being released from both steep and flat spinning
\ attitudes, then the tests indicate that the pilot will be able to escape
duringz a spin.

‘ Because it is impracticeble to ballast the model exactly and becau
{ of the inadvertent damage to the model during tests, the measured weigh
{ anl mass distribution of the XP-86 model varied from ths true scaled—

‘ down values within the following limits:

ct
U

Weeht, percsnbiicl « oil- Wil 5 & s = @, s s sl el iadte o e LI low GOR2ulic
Center—-of—gravity location, percent € .« o o« « o o« o « s o 1 high to ©
Txs POTCOIT s o o o v s v %o s &« 3 low bo GRS
Moments of inertia IY’ PETCERTS o e, el s o st s o "aaias s on s L high to 9 low
IZ, DOLCERT o) (o el s 1514 [a) = I & e Fal fe D A4

The accuracy of measuring weights and mass distribution wus within
the following limits:

Welght, percenbt . . . e o eI Lot TSR e
Ccntﬂ“—c;—ufa"1ty locat‘ o poRCent: Set SN LS T w e el el i e S G
Moments of inertia, pP*LH“u e e e e e s - e

| Controls wsre set with an accuracy of 1°,

\D

st Conditions

i The mass characteristics znd inertia paramsters for loadings possible
[ on the airplane and for the loading of the model during tests are shown




NACA RM No. SI8D22 7

in table IT and plotted in figure 7. As discussed in reference 5,
figure 7 can be ussd as an aid in predicting the relative effectivensss
of the controls on the recovery characteristics of the model.

Th= meximum control deflections used in the tests were:

Rudder, degreecs: . S Kl el Te et e e e telel st D e PTG andighit RS e
HBLETater Nde@rees o & o st s il o o o s w8 e sl te et e e 3D AP, LSRN0
AL IePons, AEErSes o v .4 5w & e e s e doe @ m el e e e 25 up, 18 down

Intermediate control deflections used were:

Rudder, two—thirds deflected, degrees « « « « « « « « o « « « « « » 18.3
Flevator, two—thirds UD, dEegroCE . o s o « o o o o s s s 3 & &« » o 233
Flevator, one—third down, degrees « « « « o « o « o s o s« o o o o« o« 5.8
Ailerons, one—third deflected, degrees .+ « « « « « « « « 8 up, 7.5 down
Allerons, one—fifth deflected, degrees . « s « « o s = 5 up, 5 down

Tests wsre also performed with the dive flaps fully extended and the
slats fully extended. The horizontal tail, which was normally at an
incidence of 0°, was set at an incidence of —10° for a few tests.

RESULTS AND DISCUSSION

The results of the spin tests are presented in charts 1 to 6 and
in table ITI. The model data are presented in terms of the full—scale
values for the airplane at a test altitude of 15,000 feet. Unless
otherwise stated, all tests were performed with the model in the clean
condition (cockpit closed, flaps neutral, slats retracted, and landing
gear retracted). Results for right and left spins were quite similar
so that results for right spins only are arbitrarily presented in the
charts.

Design Gross Weight Loading

Erect spins.— The results of erect spin tests of the model in the
design gross weight loading (loading voint 1 in table IT and fig. 7)
ere shown in chart 1. For the normal control configuration for spinning,
the model spins were steady at a moderate angle of attack and recoveries
by rudder reversal were rapid. Elevator setting was found to have
little effect. When the ailerons were set with the spin (right aileron
up and left aileron down in a right spin), the spins became very steep
and recoveries were rapid. When the ailerons were set full against the
spin, the motion of the model became extremely oscillatory, mainly in
roll and yaw. As a result of these oscillations, the model rolled
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completely over on its back. This was recorded as "no spin" becauss
this terminated the original spinning rotation and it was felt that the
pilot could regain control of the airplane after this type of maneuver.

When the controls were set for the criterion spin, the model spin
was steady and at a moderately flat angle of attack. Recovery was not
satisfactory when the rudder was reversed from full with to only two—
thirds against the spin. It was found that full reversal of the rudder
when ailerons were ons—third against the spin or setting of the ailerons
less (5° up and 5° down) than one—third against the spin when the rudder
was moved to two—thirds against the spin would cause satisfactory
recoveries. It has also been shown that in a spinning airplane the
variation of angle of attack along the wing is generally such as to
cause the ailerons to float with the spin. Thus for the condition with—
out external tanks, if the pilot does not force the ailerons against the
spin, there should be no difficulty in spin recovery. Although this
model would ordinarily be classed as unsatisfactory in regard to spin
recovery because it did not recover satisfactorily from the criterion
spin, due to the over—all recovery characteristics exhibited by the model
and the fact that the ailerons of the airplane will probably float with
the spin, it is believed the XP-86 airplane will recover satisfactorily
from any spins encountered.

Inverted spins.— The results of the inverted spin tests of the
model in the design gross weight loading are presented on chart 2. The
order used for presenting the data for inverted spins is different from
that used for erect spins. For inverted spins "controls crossed" for
the established spin (right rudder pedal forward and stick to the pilott's
left for a spin to the pilot's right) is presented to the right of the
chart and stick back is presented at the bottom. When the controls are
crossed in the established spin, the ailerons aid the rolling motion;
when the controls are together, the ailerons oppose the rolling motion.
The angle of wing tilt ¢ on the chart is given as up or down
relative to the ground.

The inverted spin—recovery characteristics of the model were
satisfactory. The model would spin only with the controls together,
and recoveries from the spins were rapidly effected by rudder reversal.
The model sometimes showed a tendency to spin in the opposite direction
after some recoveries. It is therefore recommended that the rudder
and elevator be neutralized when recovery is attempted in the airplane.

Slats extended.— The results of tests with the slats extended are
presented in chart 3. These results are similar to the results of
tests with the slats retracted except that the recoveries from the
critericn spin were satisfactory by rudder reversal to two—thirds
against the spin when the slats were extended. Reference 6 indicates
that, when the mass is distributed chiefly along the fuselage, which
is the case for the design gross weight loading, a favorable effect
of slat extension may be expected. It is indicated, however, that the
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effect may be seriously adverse if the mass is distributed chiefly zlong
the wings; and it is therefore recommended that if the airplans enters
a spin with external stores on the wings and the slats extended, the
slats be retracted immediately.

Dive flaps.— The results of tests with the dive flaps extended are

presented in chart 4. The model would not recover from either the normal

control configuration or from the criterion spin with the dive flaps
extended. It therefore appears imperative that the dive flaps be kept
retracted in a spin.

—10° incidence in horizontal tail.— Test results obtained with
—10° incidence in the horizontal tail are shown in chart 5. Thsre was
generally only a slight difference between these results and those for
the normal tail incidence of 0°. It was noted, however, that, with
the elevator neutral or down and ailerons against the spin, the model
spun steadily for an appreciable time. Eventually, the spin became
oscillatory, and the model then very quickly rolled out of the spin
as it had done at normal tail incidence. It was concluded that two
conditions were possible for these control configurations, . one a flat
spin and one & "no spin."

Long-—Range Loading
\

The results of tests of the model in the long—renge lozsding
(lLoading point 2 in teble II and fig. 7) are shown in chart 6. Tais
loading was obtained by instelling extermal fuel tanks on the wings.
In general, recovery characteristics were considered unsatisfactory
when the radder alons was reversed. When, however, ths rudder and
elevator were simultaneously reverssd, recoveries were satisfactory.
When the ailerons were against the spin, two types of spin were
encountered from one of which recovery was very poor. Wh=n the
ailerons were with the spin, recoveries were slower than for aileron—
neutral spins, but were satisfactory when the rudder and elevator were
reversed. In the event that the stick forces became too heavy for the
pilot to move the elevator for recovery, or for some other reason,
recovery does not seem imminent, the tanks should be Jettisoned
immediately and the recovery attempt repeated.

Spin—Recovery Parachutes

The results of spin—recovery—parachute tests are presented in
table III. A tail parachute 1l.4 feet in diameter with a towline
30 feet long appeared to be necessary for satisfactory recovery of
the airplane by parachute action alone if attached above the jet exit.
If, however, the parachute was attached below the jet exit, a 10.0-foot
parachute was indicated to be satisfactory. A 6.0-foot—diameter
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wing—tip parachute attached to the outer wing tip of the airplane with
a 6.0-foot towline was also indicated to be satisfactory for emergency
spin recovery.

The model parachutes as tested had values of drag coefficient of
approximately 0.7. If a parachute with a different drag coefficient is
used on the airplane, a corresponding adJjustment will be required in
parachute size.

Pilot—Escape Tests

During the tests performed to determine from which side of the
spinning airplane the pilot should attempt an emergency escape, it
was observed that the model pilot cleared the model by a wide margin
when released from the inboard side in flat spins and cleared the tail
by a narrow margin when released from the inboard side in steep spins.
When released from the outboard side in a flat spin, the model pilot
cleared the model by a large margin. When, however, the model pilot
was releassd from the outboard side in a steep spin it sometimes struck
the wing and sometimes struck ths tail. Based on these results, it
"appears that, to insure safe escape from a spinning XP-86 airplane, it
hay be necessary that the pilot be ejected. If no ejection equipment
is installed, the safest procedure for this airplans for the pilot to
use appears to be to jump from the inboard side of the cockpit if
necessary to abandon the airplane in a spin.

Landing Condition

The lending condition was not investigated on this model inasmuch
as current Army specifications require this type of airplane to
demonstrate satisfactory recoveries in the landing condition from
only l—turn spins. At the end of 1 turn, the airplans will probably
still be in an incipient spin from which recoveries are more readily
cbtained than from fully developed spins.

An analysis of full-scale and model tests to determine the effect
of landing flaps and landing gear indicates thaet, although the XP-86
will probably recover satisfactorily from an incipient spin in the
landing condition, recoveries from fully developed spins may be
unsatisfactory. Therefore, in order to avoid entering a fully developed
spin, it is recommended that the landing flaps bs neutralized and
recovery attempted irmediately upon inadvertently entering a spin in
the landing condition.
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Rudder Forces

The discussion of the results so far has been based on control
effectiveness alone without regard to the forces required to move the
controls. As previously mentioned, for the regular test programn,
sufficient force was applisd to the controls to move them fully and
repidly. Ths force applied to thes airplene controls should move
them in 2 similar mannsr in order for the model and airplane results

to be comparable.

A few tests were performed with the model in the design gross
weight loading in which the forces applied to the rudder in order to
effect a satisfactory recovery were measured. The results indicated
that the full—scale pedal force would be within the capabilities of
ths pilot. The pedal force was found to be approximately 180 pounds
from the model tests. Because of lack of detail in the rudder balance
of the model, of inertia mass—balance effects, and of scale effect,
thess results are only qualitative indications of the actual forces
that may bs experienced.

Recommended Recovery Technique

Based on the results obtained with the model and upon general
spin—tunnel experience, the following recommendations are made as to
recovery technique: for erect spins, the rudder should be reversed
briskly from full with the spin to full against the spin followed
1/2 turn later by movement of the stick forward while allowing
it to float laterally with the spin. Care should be exercised to
avoid excessive rates of acceleration in the recovery dive. If an
accidental spin is entered with the dive flaps or the landing flaps
extended, the flaps should be retracted immediately and recovery
attemptsd. For recovery from inverted spins, the rudder and elevator
should be nsutralized.

CONCLUSIONS

Based on results of spin tests of a Sﬁu—scale model of the North

American XP-86 airplene, the following conclusions regarding the spin
and recovery characteristics of the airplane at a spin altitude of
15,000 feet have been drawn:

1. Recoveries of the airplane in the design gross weight loading
will be generally satisfactory provided the ailerone are not forcibly
moved against the spin. Recovery should be attempted by reversal of
the rudder fully and rapidly, followed 1/2 turn later by movement
of the stick forward of neutral, while allowing it to float laterally
with the spin.
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2. Recoveries from any inverted spins obtained will be satisfactory
and should be attempted by rapid rudder and stick neutralization.

3. When both leading—edge slats are fully extended in the normal
loading, recoveries will be satisfactory for all control settings. If
external stores are carried on the wings, however, open slats may
geriously retard recovery.

Lk, In the long—range loading, recoveries will be satisfactory if
the rudder and elevator are both reversed but will not be satisfactory
if the rudder alone is reversed. If recovery does not appear imminent,
the external fuel tanks should be Jettisoned and the recovery attempt
repeated.

5. A 10.0—Foot—diameter tail parachute with a towline 30 feet long
attached below the Jet exit and with a drag coefficient of 0.7 will
be satisfactory for emergency recoveries from spins. A 6.0-foot—
diameter wing—tip parachute attached to the outer wing tip of the air—
plane with a 6.0-foot towline should also be satisfactory.

6. If a spin is inadvertently entered in the landing condition or
with the dive flaps extended, the flaps should be neutralized and recovery
attempted immediately.

T. The pedal forces necessary to move the rudder to effect satis—
factory recovery will be within the physical capability of the pilot.

Langley Memorisl Aeronautical Iaboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

st bl
/ / '~"r«.\:‘>&9¢</ A /-/_)/\/L/v
Theodore Berman
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Thomas A. Harris
Chief of Stability Research Division
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TABLE I.— DIMENSIONAL CHARACTERISTICS OF THE

Length over all, ft

Wing:
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Apeal Fa it s ST
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Incidence:
Root, deg SR
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Section:
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Mean aerodynamic chord,
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Sweepback at
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AMERTCAN XP-86 AIRPLANE

in.
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Elevator area rearward of hinge
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line at root, ft
Dihedral, deg 5
Incidence, deg .

Vertical tail:

Total, area,’ sq £t ...

Sweepback at c/k4,

Rudder area aft of hinge line, sq ft

deg .
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Distance from normal center of gravity to

hinge

Teil—demping ratio

=

ine at root, ft
Unshielded rudder volume coefficient

all—damping powsr factor

S

7.8D22

. . NACA 0012—6L modified
. « NACA 001164 modified

leading edge
C - . . . . . . . . . - . - .
Jinesaqiit e el e a e
of gravity to elevator hinge
rudder

NACA

"1 to -10

'0.0lL3

0.000290

4.8
97.0

45.0

W
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._\]n
o H N

35.0
12.8

35
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18:3
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334
35
8.7
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TABLE IT.— MASS CHARACTERISTICS ARD INERTIA PARAMETZRS FOR LOADING CONDITIONS POSSIBLE
ON THE NORTH AMFRICAN XP-86 ATRPLANE AND FOR THE LOADINGS
TESTED ON THE el—h—scm MODEL,
@lodel values converted to corresponding full-scale values; moments
of inertia glven about center of gravity]
Center—of—gravity| Moments of Ipertia
" i location (slug-ft) Mass parameters
Number (same Weight
Toading gea (15,000
as fig. 8) (1) |, overl  $t g ! Iy &L, L -1 L, - 1;
x/c z /e Iy Iy I, =
b mb® mb®
Alrplane values

1- Design gross welght|13,311(16.3 [ 25.8 | 0.213 0.126 7,090|17,480 (22,932 182 x 10* —96 x 1074|278 x 107

2 Long range 16,438(20.1 | 31.9 .215 .190 [14,121)18,786130,079| —66 -161 227

3 Light weight 10,288(12.5 | 19.9 .252 .09k 6,080|16,320|21,000 (233 -106 339

Deslign gross and
L two 1000—pound 15,371|18.8 | 29.9 224 167 |11,280|17,955 (26,914 |—102 -136 238
bombs
Model values

3 Design gross welght|13,238/16.2 |25.7 | 0.218 | 0.117 | 6,954|17,620(23,937|-188 x 107#|-112 x 107|300 x 107%

2 Long range 16,169(19.8 | 31.4 .201 .169  |13,610(18,26k4(30,095| —67 -171 238
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TABLE IIT.— SPIN-RECOVERY PARACHUTZ DATA OBTATNED WITH THE gt-—SCAIE

MODFI, OF THE NORTH AMERICAN XP-86 ATIRPLANE

ﬁoading point 1 on table IT and figure T7; rudder fixed full with
the spin; model values converted to corresponding full-scale

values; Cp of parachutes 0.7; right erect spins]
Parachute Towline
diameter length Ailerons Elevator Turns for recovery
(£t) (£t)
Tall parachute attached above Jet exlt
—
10.0 30.0 Neutral Up >3, >3, >k
Y > 1
11155 30.0 Neutral Up i Lk e ) 15
11.4 30.0 L agatnst &g 3.3 .33
3 3 p u.’ )+J ,+J
Tail parachute attached below Jet exlt
a; a
10.0 30.0 Neutral Up .é-, 2 "1, %
Parachute attached at outer wing tip
....... 3
4.0 Neutral Up 1=, 3, 3
L
SR
6.0 6.0 Neutral Up R, i
&Visual estimate. .
NACA

9T
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| NACA RM No. SL8D22

e oo
:: : : CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF THE *—SCALE MODEL OF THE NORTH
aee AMERICAN XP-86 AIRPLANE IN THE DESIGN GROSS WEIGHT LOADING
1 oe
: : : Epading point 1 on table II and figure 7; flaps neutral; landing gear retracted; slats
eooe retracted; cockpit closed; recovery attempted by rapid full rudder reversal except as
| ° noted (recovery attempted from, and developed spin data presented for, rudder-with

spins); right erect spins]

i o o
° oo
°
a
o 5o i
o3 o3 lApp
% % 41 ]1u 35
Cr L .
) = PP
No | spin ] 278 |o0.27 328
52 |3u w | su 3 2 51
24k 0.29|" |251 |o.30
Allerons
1/3 against {d a4 d d
= s TR 1%, 1% a
3
! 1 - |~
1 15 Ailerons =l
‘ 5° against : 3
ol
| HE
b |
| o |0
| ~
~ =
b,c,e
S tleeg
Ly |3y s plin
Allerons full against Allerons full with
> 336
No fppin (Stick left) 268 p.32 (Stick right)
¥ i ¢
[
§
&
3
gl ~
il e
]
2|
A I
o
Pl )
s| ©
>| ~
) -
~ | m
|51 ~—
a by c,e
8t |eep
k2 |o sp |in
No |spin b
265 0.35 36
‘ 1
1, 1p 1¢
Extremely oscillatory motion untll model rolls
over and goes inverted.
] bSpin oscillatory in yaw, whipping motion. a @
| CRecovery attempted before model was in its final ? (deg) | (deg)
] a steeper attitude. Model values
| Recovery attempted by reversal of rudder from converted to v Q
full with to 2/3 against the spin. corresponding (fpe) | (rps)
®After recovery, model goes inverted. fudl-soate values.
Model recovers in an inverted dive. U inner wing up Turns for
8 D inner wing down recovery
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CHART 2.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE gE—SCALE MODEL OF THE NORTH

AMERICAN XP-86 AIRPLANE IN THE DESIGN GROSS WEIGHT LOADING

anding point 1 on table II and figure 7; flaps neutral; landing gear retracted; cockpit
closed; slats retracted; recovery attempted by rapid full rudder reversal (recovery
attempted from, and developed spin data presented for, rudder-with spins); spins to
pilot's riggg

App
271

HH

Stick right

(Controls together)

App
230

1
I

8Very wandering spin, could not get steady-spin data.

PRecovers in a dive.

CMcdel assumes steep attitude and oscillates
until the oscillations cause model to

roll over and go erect.

(]
No ppin No |spin
o
p
o
=
%
o
-~
A
©
-
-
n
Stick left
L] i (Controls crossed)
]
o
<
0
-
©
-t
-
[
c
No [spin No |spin
“~ NACA
S\ A
(deg) (deg)
Model values v a
converted to Ctnel Ll )
corresponding P (rps

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

Turns for
recovery




NACA RM No. SL8D22

CHART 3.- SPIN AND RECOVERY CHARACTERISTICS OF THE gt—SCALE MODEL OF THE NORTH AMERICAN
XP-86 AIRPLANE WITH THE WING SLATS EXTENDED

[;oading point 1 on table II and fizure 7; flaps neutral; landing gear retracted; cockpit
closed; recovery attempted by rapid full rudder reversal except as noted (recovery

spin

attegfted from, and developed spin data presented for, rudder-with spins); right erect

Allerons full with

[
©
£ o
83 L2 2U
N
~
= o
27110.25
1 1
51 2U 5 2
Allerons 25110.27
1/2 against
Vﬁllall
I (= ol
=
=
—~| M
3| o
& @
o
3
of x
+ o
|
> &
| 0
|~
=)
]
43 (o]
Allerons full against
No |spin
. (Stick left) e78{0.3¢0
1
z2
=
x
5l
o | o
=
~| @
~| =
éls
S
£
o|x
L | o
@ |
5| e
o|n
|~
=
[
L2 U
265|0.32

& 1

8Recovery attempted by reversal of the rudder
o from full with to 2/3 against the spin.
Model oscillates until it rolls out of the
spin in a left roll.
CRecovery attempted before model in final
steeper attitude. Model went inverted.

z

oC 00

347

(o]
e}
o]

(Stick right)

~_NACA

del values
nverted to
rresponding

111-scale values.

inner wing up
inner wing down

P321

noj-

a @
(deg) (deg)

v N

(fps) | (rps)

Turns for
recovery
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CHART 4.~ SPIN AND RECOVERY CHARACTERISTICS OF THE 2%—SCALE MODEL OF THE NORTH AMERICAN

XP-36 AIRPLANE WITH THE DIVE FLAPS ZXTENDED
[;oading point 1 on table II and figure 7; landing flaps neutral; landing gear retracted; slats
retracted; cockpit closed; recovery attempted by rapid full rudder reversal except as
noted (recovery attempted from, and developed spin data presented for, rudder-with spins);
right erect spinsg]

3
S a
@ 3 52 | 3U
&,
—N\
= 258 [0.26
47 3U xR, o0
Allerons 244 (0. 20 \
1/3 against
o0 , oo ;"Jl
|~
|
=3 B
“la
0
5
O A
L1 0
« Eal
> e
|l
|~
=
a
Lz 33U
Allerons full against Allerons full with
No |spin E 258 [0.30 i
(stick left) (8tick right) 22
o, o0 by
=
=
o|~
o | o
£
3|
=15
G o
S
3
oM
- o
o Eal
> | e
o |0
|~
=
[
51 1U
254 10.322
14
®Model motion became extremely oscillatory until W
b model rolled out of the spin. ' a &
Recovery attempted before model in final (e (d; \
steeper attitude. B
Model values v T
converted to (s i ;
corresponding BB (rps
full-scale values.
U inner wing up Turns for
= D inner wing down recovery
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GHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE —HHSCALE MODEL OF THE NORTH
AMERICAN XP-86 AIRPLANE WITH -10° INCIDENCE IN THE HORIZONTAL TAIL

Eﬂadlng point 1 on table II and figure 7; flaps neutral;

landing gear retracted;

slats

retracted; cockpit closed; recovery attempted by rapid full rudder reversal excent as
noted (recovery attempted from, and developed spin data presented for, rudder-with

spins); right erect sping]

(3
)
0
i L3 | 2u
L )
N
= oy
282 (0.26 No | spin
f 1
50 | 4U
Ailerons 258| 0.28
1/3 against
a a
7 )
Al ~
3| ¥
17, 1& é =
5
of &
» o
w|
>| &
o m
—~| —
=
Two conditiogs possible c a
38 |17V
Allerons 58 [15D
full against Allerons full with
190 |0.57| No | spin|  (sStick left) 268 0.30 (Stick right) P 336
1 e e
22 1, I ,i, 1
=
x
il =
ol o
|9
| =
S| E
| o
Lo
=
of ~
< Q
@ | —
> #
v | m
=
&
Two conditiqys possible
4y f2u
197 p.51 No |spin 265| 0.34
&, 14
g F B

8Recovery attempted by reversing rudder from
full with to 2/3 against the spin.

bModel oscillates with increasing amplitude

B until 1t rolls out of spin.

Oscillatory spin, range of values or average
a value given.

After recovery, model goes inverted.
€Recovery attempted before model reached its

P final steeper attitude.

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

D inner wing down

a @
(deg) (deg)
v o]
(fps) (rps)
Turns for
recovery
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CHART 6.~ SPIN AND.RECOVERY CHARACTERISTICS OF THE é%—SCALE MODEL OF THE NORTH
AMERICAN XP-%6 AIRPLANE IN THE LONG-RANGE LOADING

Epadlng point 2 on table II and figure 7; flaps neutral; landing gear retracted; slats
retracted; cockpit closed; recovery attempted by rapid full rudder reversal except as
noted (recovery attempted from, and developed spin data presented for, rudder-with

spins); right erect spins]

Two types of spin

Lu| 37 [130 s, 5
75| 5D 76 11D @5 TV I 13 @5
e s
A
=] P
230 | 0.48 225 | 0.28 A 299 | 0.24 R 3ls
391 9U 1
17 1 56 | 14D 1, 13 >25,53
be be
278 | 0.29 336 &. 1
Allerons d d 1 de 7 de 3| Allerons
1/3 against 2, 2 o~ >25, 25  1/3 with
5 e ——
~ : ef ef T
~| o 198 11:-
S| @
| O
|
Q| ©
| -
@ |
5| m
O |~
Two types of spin I
a g
gu 25 23U
0 D D Ly
7 I . Allerons 3U
full against Allerons full with App
22 4 278 |o. 285 .
3p-H et 3 (Stick left) AR (Stick right) e
1 1
43,6 | 13 1f 1, 13 2, ‘2
eh. 1
17
=
Ky
|
] A
~| &
5| &
e (o]
L
5
o| M
2| o
5| o
@ L2}
— ~
(%)
a
42 | 17vu
72 | 17D L |3u
261 | 0.35 285 0.35 372
- 3 e
80scillatory spin. Range of values or averacze SS_NACA —
value given. SRR K -
bRec::very attempted by simultaneous full reversal 'd;’l (H” )
of rudder and elevator. = sk
Carter recovery, model goes inverted. Model values v =
Recovery attempted by reversing rudder from full converted to (fps) (r”s)
with to 2/3 against the spin. corresponding P

Recovery attempted before model in final
steeper attitude.

Recovery attempted by simultaneously reversing
the rudder from full with to 2/3 against the
spin and the elevator from 2/3 up to 1/3 down.

gWandering, whipping spin.

full-scale values.

U inner wing

D inner wing down

up

Turns for
recovery
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Elevaior hingeline
6 7/‘37 chord

Aileron hingé ——
line 70 % chord

£.39*

/1840

Rudder hingeline 4557
769" —— 70% chord '

i ._.5/ ”} Fu:;._ref plane 5 _6_/j¢_" ~ |
/.ZY7” P > =/ 2 |
17.76” -+

Figure {. Three-view drawing of 1he $,-Scale model of the North Ameri-
can XP-86 airplone as tested in the free-spinning Tunnel. Center-of -
gravity location |s shown for The design gross welght condition.
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The

-scale model of the North American XP-86

in the design gross weight loading.



Figure 3.-

The —-scale model of the North American XP-86 airplane with the leading-edge
24 slats extended.
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Figure 4.-

The _l-scale model of the North American XP-86

24

airplane with the dive flaps extended.,
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Figure 5.- The _1 -scale model of the North American XP-86 airplane in the long-
24 range loading.
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Figure 6.- The 2—14--scale model of the North American XP-86

airplane spinning in the Langley 20 -foot free-spinning
tunnel.
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*es O Airplane values
O Mocle! values

360
x/0* g
320
l} g
260 /0

N
N
S

S

~
N
S

~
N
=)

Relalive maoss osstriburion

increased along the fuselag

*

L7-1x
mj
QS

%

g "
O 40 -80 -/20 -/60 200 240 -280 x107*
Iy -Iz Relative mass aistriburion
mbé  increased along the Wings TNACA

Frgure 1.- Inertio parzmerters for /oadings of rhe
INor7) American XP-86 qirplane and for /oodings
tested on rhe sa-scale model.(Points are for
loadings listed in foblel7.)



