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FREE-SPINNING-TUNNEL TESTS OF A gzu—SCAIE MODEL OF

THE NORTH AMERICAN XP-86 ATRPIANE

By Theodore Berman
SUMMARY

A spin investigation has been conducted in the Langley 20—foot free—
spinning tummel on a-%i-—scale model of the North American XP-86 airplane.

The effects of control settings and movements upon the erect and inverted
spin and recovery characteristics of the model were determinsd for the
design gross weight loading. The long-range loading was elso investigated
and the effects of extending slats and dive flaps were debermined. Im
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
21l 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
tail parachute with a drag coefficient of 0.7 and with a towlins.

30.0 feet long attached below the jet exit or a 6.0-foot—diameter wing—
tip parachute opensd 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 UZ‘@\E& N
4§2§;

In accordance with the request of the Air Materiel Commani, U. S. Air
Force, tests were performed in the Langley 20-foot free—spinning tunnel
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2 NACA RM No. SISD22

to determine the spin and recovery characteristics of a %—-scale model

of the North American XP-86 airplane. The airplane is a single-place,
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 span, feet
S wing area, square feet
c wing or elevator chord at a.n.y station along the span
c mean aerodynamic chord, feet
x/€ ratio of distance of center of gravity rearward of

leading edge of mean aerodynamic chord to mean
aerodynamic chord

z/c ratio of distance between center of gravity and thrust i
line to meean aerodynamic chord (positive when center
of gravity is below thrust line)

m mass of airplane, slugs

Iys Ly, Iy moments of inertia about X, Y, and Z body axes,
respectively, slug—feet2

inertia yawing-moment parameter

mb? '
Iy — Iy
inertia rolling-moment parameter
b2
Iz - Ix
5 inertia pitching-moment parameter
hicle)

P air density, slugs per cubic foot
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1) relative density of airplane <}£§;

lod angle between thrust line and vertical (approximétely
equal to absolute value of angle of atbtack at plane
of symmetry), degrees

angle between span axis and horizontal, degrees
v full—scale true rate of descent, feet per second

Q full—scale angular velocity about spin axis, revolutions
per second

o) helix angle, angle between flight path and vertical,
degrees  (For the tests of this model, the average
absolute value of the helix angle was approximately 4C.)

g approximate angle of sideslip at center of gravity,
degrees (Sideslip is inward when inmer wing is down
by an amount greater than the helix angle.)

APPARATUS AND METHODS \

Model

The é%»—scale model of the North American XP-86 airplane was built

by North American and was checked for dimensional accuracy and prepared
for testing by the Langley ILaboratory. A three—view drawing of the
model as tested is shown as figure 1. Dimensional characteristics of
the airplane are presented in table I. Tail—demping power factor was
computed by the method described in reference 1. Phobographs of the
model in the different configurations tested eare shown as figures 2 to 5.

The model was bellasted to obtain dynamic similarity to the airplane
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). For the
pilct—escape tests, use was made of a model of a 200—pound man also
ballasted at 15,000 feet. A remote—control mechanism was installed in
the model to actuate the conmtrols for the recovery attempts, to release
the pilot for the pilot—escape 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 Tumnel and Testing Technique

The tests were performed in the Langley 20—foot free—spinning tunnel,
the coperation of which is, in general, similar to that described in
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reference 2 for the langley 15Ffoot free—spinning tumnel, except that the
models are launched by hand with spinning rotation into the vertically
rising air stream rather than launched by spindle. The airspeed is
adjusted 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 mechanisa, After recovery
the model dives into a safety net. The model is retrieved, the controls
reset, and the model is then ready for the naxt spin. A photograph of
the model during a spin is shown as figure 6.

Tne 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. For the spins which had a rate of descent in excess of
that which can readily be attained in the tunnel, 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 tummel. Such results are con—
servative; that is, recoveries will not be so fast as when the model
ig in the Tinal steeper attitude. TFor recovery attempts in which the
model struck the safety net while it was still in a spin, the recovery
was recorded as greater than the number of turns from the time the
controls were moved to the time the model struck the net, as >3.

A >3—burn recovery does not necessarily indicate an improvement over
a >T—=turn recovery. For recovery abttempts 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 detexrmine the spin and
recovery characteristics 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—elevator control combinations
including zero and maximum deflections. Recovery is generally abttempted
by rapid full rudder reversal. Tests are also performed to evaluate
the possible adverse effects on recovery of small deviations from the
normal control configuration for spinning. For these tests, the ailerons
are set at one—third of the full deflection in the direction conducive
to slower recoveries and the elevator is set 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 comnsidered satisfactory if recovery from this criterion spin

requires 2l 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 optimum size of and the
towline length for spin—recovery parachutes is described .in detail in
refersnce 3. For the tail-parachute tests, the towline was attached
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. Vhen
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 case, 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 enbirely
to the effect of opening the parachute. Silk parachutes having a drag
coefficient of approximastely 0.7 (based on the cancpy 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 knmown 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 rum.

Precision

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

O, ABETEEE v « v ¢ ¢ 4t h et e e e s e e s e e s e e e e e e e ..  *
T <y o
V, POTCEND & v ¢ v @ ¢ o ¢ o o+ o « a 2 ¢ s s t o s o s o s s 8 0 e 5
Qs PETCENT © © v v v v o+ o o o o o s o o o o o o s o o s o o o s o o X2

. . 2k turn when obbtained from motion—picture records
rns for recovery . . . . L.
7 :t% turn when obtained from visual observation
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The preceding limits may have been exceeded Tor soms of the spins
in which it was difficult to control the model in the tumnel bacauss of

the high rate of descent or bscause of the wandering or oscilleatory
nature of the spin.

Comparison between model and full-ecale results (refersnces 2 and L)
indicates that spin—tumnel results are not always in complete agresement
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 airplanss. The com—
parison wade in reference L4 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 approximastely 10 percent overestimated and approximately 10 percent
underestimated the number of turns required.

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

Becanss it is impracticable to ballast the model exactly and beczus=s
of the inadvertent damage to the model during tests, the measured weight
anil mass distribution of the XP-86 model varied from ths true scaled—
dovn values within the following limits:

Weight, percent . . . . . . . . . . . . . . . ... ... 11lowto 2 low
Centsr—of—grevity location, percent ¢ . . . . . . . . . . 1 high to O
Iy, percent . . . . . . . . . .. .. 31lowto 6 low
Moments of inertia{Iy, percent . . . . . . . . . .. . .4 high to 9 low
IZ, percent . . . . . . . .. ... .5 high t¢ 3 low

The accuracy of measuring weights and mass distribution was withirn
the Tollowing limits:

Welght, percent . . . v & v v i v i i i i e e e e e e e e e e e e . w1
Center—of—gravity location, percent € .+ v v v v v v v v v v u w . . +1
Moments of inertia, percent . o . & . v v 4 L. . e e e e e ..

Controls wsre set with an accuracy of #1°.

Test Conditions

The nass characteristics and inertia paramsters for loadings
¢u the airplane and for the loading of the model during tests are
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n table IT znd plotted in figure 7. As discussed in referencs 5,
Igure 7 can be ussd as an aid in predicting the relative effectiveness
of the controls on the recovery characteriatics of the model.

i
T

Ths maximum control deflections used in the tests were:

Rudder, degrees
Flevator, degree
Ailerons, d=gres

© e e e e e s s e e s s e e e s . 27,5 right, 27.5 left
« » 35 up, 17.5 down
e e e e e e e e e e e e e e e 25 up, 18 down

by 2 »
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Intermediate control deflections used were:

Rudder, two—thirds deflected, degrees « + « « o « o o o o o o« « « o 18.3
Elevator, two—thirds up, GEZrecS + o ¢ v + o o o o o o+ o o« o « o +» 23.3
Flevator, one—third down, degrees . « o + o « o s o ¢« = o o « o « « 5.8
Ailerons, one—third deflected, degrees .+ « « v o « » . « 8 up, 7.5 down
Ailerons, one—fifth deflected, degrees . . . . . . . . . 5 up, 5 down

Tests were also performed with the dive flaps fully extended and the
glats fully extended. The horizontal tail, which was normally at an
incidence of 09, 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 IIT. Tun= model data are presented in terms of the full-scale
values for the airplane at a test altitude of 15,000 feet. Unless
ctherwiss stated, all tests were performed with ths 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 ressults for right spins only are arbitrarily presented in the
charts.,

Design Gross Weight Loading

Brect spins.— The results of erect spin tests of the model in the
design grosz weight loading (loading voint 1 in table II and fig. 7)
are shown in chart 1, TFor the normal control configuration for spinning,
the model spins were steady at a moderate angle of attack and recoveries
by rulder reversal were rapid. Elevator setting was found to have
little effect. When the ailervons 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, ths model rolled
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coupletely over on its back. Tais 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 & 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 f£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 pilotts
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 airplans.

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
criterion spin were satisfactory by rudder reversal to two—thirds
against the spin when the slats were extended. Reference 6 indicatss
that, vhen 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

M
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effect may be seriously adverse if the mase ig distributed chiefly zlong
the wings; and it is therefore recommended that if the airplams enters

a spin with external stores on the wings and the slats sxtended, the
glats 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. There 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 aga1n>t the spin, tne model
spun steadily for an appreciable time. Eventually, the spin became
oscillatory, and the model then very gquickly 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 a "no spin."

Long—-Range Loading

The results of tests of the model in the long—rangzs loading
(Loading point 2 in table II and fig. 7) are shown in chart 6. Tais
loading vas obtained by instelling external fuel tanks on the wings.
In general, recovery characteristics were considered unsatisfactory
when the raider alone was reversed. When, however, ths rudder and
elesvator 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. Whan the
allerons 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 jettlsoned
immediately and the recovery attempt repeated.

Spin-Recovery Parachutes

The results of spin—recovery-parachute tests are presented in
table IIT. A tail parachute 11.4 feet in diameter with a towline
30 feet long appeared to be necessary for satisfactory recovery of
ths 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 iniicated to be satisfactory. A 6.0-Ffoot—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 O.7. If a parachute with a different drag coefficient is
used on the airplane, a corresponding adjustment will be required in
parachute size.

Pilot—Escape Tests

During the tests performed to determine from which side of the
spinmning airplane the pilot should attempt an smergency 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 2 narrow margin when released from the inboard side in steep spins.
Whan released from the outboard side in a flat spin, the model pilot
clszred the model by a large margin. When, however, the model pilot
was released 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
may be necessary that the pilot be ejected. IT no ejection equipment
is installed, the safest procedure for this airplane 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 =n incipient spin from vhich recoveries are more readily
obtained than from fully developed s»nins.

An anslysis of full-scale and model tests to determine the effect
of landing flaps and landing gear indicates that, 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 Tully developed
spin, it is recormended that the landing Tlaps be neutralized and
recovery attempted immediately upon inadvertently entering a spin in
the landing condition.
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Rudder Forces

The discussion of the results so far has been bassd on control
effectiveness alone without regard to the forces required to move the
controls. As previously msntioned, for the regular test progeram,
sufficient force was applisd to the controls to move them fully and
rzpidly. Ths force applied to ths airplane controls should move
them in & similar mamnmsr in order for the model and airplane results
to be comparable.

A Tew tests were performed with the model in the design gross
weight loading in which the forces applied to the rudder in ordsr to
effect a satisfactory recovery were measursd. The results indicated
that the full—-scals 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 deteil in the rudder belance
cf the model, of inertia mass—balance effects, and of scele effect,
thess results are only qualitative indications of the actual forcss
that may bes experienced.

Recommended Recovery Technique

Based on the resulits 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
attempted. For recovery from inverted spins, the rudder and elevator
should be nsutralized.

CONCIUSIONS

Baged on results of spin tests of a ;in-scale model of the North

American XP-86 airplane, the following conclusions regarding the spin
and recovery characteristics of the airplane at a spin altitude of
15,000 feet have bezn 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
heee and should be attempted by rapid rudder and stick neutralization.
[ XX T ]
[ d
::‘ . 3. When both leading—edge slats are fully extended in the normal
LI loading, recoveries will be satisfactory for all control settings. ITf
' external stores are carried on the wings, however, open 3lats may

seriously retard recovery.

., Tn 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. TIf 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 physicel capability of the pilot.
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TABLE I.— DIMENSIONAL CHARACTERISTICS

NORTH AMERICAN XP-86 AIRPLIANE

o,

Iength over all, £ . . ¢« ¢ ¢ 4 ¢ ¢ ¢ o o ¢« o o &

Wing:
Span, TT ¢ o o ¢ ¢ o o o s o o o o a s o o »
Area, sg ft . . . . . . . .
Sweepback at c/b, deg v + ¢ v 4 4 e b 0 e v

Incidence:
RooG, deg ¢ ¢« ¢« ¢ ¢ ¢« ¢ ¢ o v o o o s o o o
Tip, d8Z v ¢ o o ¢ o ¢ o o o o o o o s o o o
Dihedral, deg « o ¢ ¢ ¢« o o ¢« 4 o o ¢ o e o

Section:
ROOE & ¢ 4 4 4 4 o o o o o o o o s 2 s o o o @
Tip e » . L] . - * - L] . . - ] . 1 ] - L] L] . * * ®

Agpect ratlio .+ ¢ 4 .6 6 e o o 4 e e e o 0 e e

Mean aerodynamic chord, in. o e e s s s e s s

Ieading edge of ¢ rearward of leading edge
of root chord, Ine « ¢« ¢« v ¢« & ¢ ¢« ¢ o o ¢ &

Allerons:
Area, 8 £ ¢ ¢ ¢ o o« ¢ ¢ v v e e e e e e 0 e
Span, percent b/2 . . . . .
Hinge—linz location, percent

.
]
-
.
L]
.
.
.

[¢]

.

.«
.

.

.

.

.

Horizontal tail:
Total area, 83 £T « o« ¢« ¢ o« ¢« o o ¢ o ¢ o o o o
Span, T « ¢ v o o o v ot e s e e e s e e e s
Sweepback at c/li, deg + + « ¢ ¢ v 4 4 e e e
Elevator area rearward of hinge line, sg £t . .

NACA RM

OF THE

LS

No.

Szép22

. NACA 0012-64 modified
. FACA 00116k modified

Distance from normsl center of gravity to elevator hinge

line at root, ©t . ¢« ¢ ¢« ¢« ¢ ¢« ¢ ¢ 4 o o .
Dihedral, deg . « ¢ ¢« « ¢ o o « o o o o o o o
Incidence, 468 « ¢« ¢ ¢ ¢ ¢« o« ¢ o o o ¢ o v o

Vertical tail:
Total arca, sg £t . ¢ ¢ ¢ ¢ ¢ ¢ ¢ v ¢ ¢ o o o @
Sweepback at c/b, deg . . « ¢ ¢ 4 4 o e 0 .
Rudder area aft of hinge line, sgft . . . . &

Distance from noxrmal center of gravity to rudder

hinge line at roob, £ . « « ¢ ¢« & &+ ¢« o o« &
Unshielded rudder volume coefficient . . . « .
Tail-damping ratio « ¢« o o o ¢ o o o ¢ o « o
Tail—damping power factor e s e e e e e e e

« s e s o =

. o
LY
. o
. e
o o

. 4.8
. 97.0

. 17.h
0.0143

.. 0.0204

0.000290

S NACA -~
- A
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TABLE YI.~ MASS CHARACTERISTICS AND INERTIA PARAMETZRS FOR LOADING CONDITIONS POSSIBLE
ON THE NORTH AMFRICAN XP-86 ATRPLANE AND FOR THE LOADINGS
TESTED ON THE E]‘E—SCAI.E MODEL
Eﬂodel values converted to corresponding full-scale values; momsnts
of inertias given about center of gravity]
Center—of-gravity| Moments of ipertia
( " u location (slug-£t) Mess paremeters
Nurber |same Welght
as fig. 8) Loading (1b) sea |15,000 Ty — T T -
level| ft . _ x — Ly Iy - I 7~ I
x/& z /e Iy I, I, 5
b mb® b2
Alirplane values
1 Design gross weight|13,311(16.3 | 25.8 | 0.213 | 0.126 7,090|17,480i22,932|-182 x 107 —96 x 107|278 x 1074
2 Long range 16,438/20.1 | 3L.9 .215 .190 [14,121|18,786(30,079| —66 ~161 227
3 Light weight 10,288112.5 | 19.9 .252 .094 6,080|16,320|21,000 |-233 -106 339
Deslgn gross and
4 two 1000-pownd. [15,371{18.8 [ 29.9 224 167 |11,280{17,955126,91L |-102 -136 238
bombs
Model values
1 Design gross weight|13,238|16.2 |25.7 | 0.218 | 0.117 | 6,954(17,620(23,937|-188 X 107|112 x 2074 300 x 107+
2 Long range 16,169(19.8 | 31.4 .201 .169 |13,610|18,26%4{30,095| —67 171 238
R
NALA
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TABLE ITT.— SPIN-RECOVERY PARACHUTE DATA OBTAINED WITH THE -EJ‘E—SCAI.E
MODEL OF THE NORTH AMERICAN XP-86 AIRPLANE
[I.oading point 1 on teble IT and figure T; rudder fixed full with

the spin; model values converted to correasponiing full-scale

velues; Cp of parachutes 0.7; right erect spinsﬂ
Parachute Towline
diemeter length Ailerons Elevator Turns for recovery
(£t) (£t)
Tail parachute attached above Jet exit
10.0 30.0 Neutral Up >3, >3, >k
11.h 30.0 Neutral Up ﬁ-, 1, 1, 132-
1.4 30.0 L against 2y 33 31
) 3 g& 3 P ll-’ )+’ ll"
Tail parachute attached below Jet exit
. a; &
10.0 30.0 Neutral Up é—, 1%, 2 %, &
Parachute attached at outer wing tip
ho | mmmmes Neutral Up 1—3, 3, 3
a
6.0 6.0 Neutral Up S—, %, -3, 1
&Visual estimate. .
. ~N,AC’A

9T
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NACA RM No. SL8D22

o oo
1 e o CHART 1.~ SPIN AND RECOVERY CHARACTERISTICS OF THE é%rSCALE MODEL OF THE NORTH
o oo AMERICAN XP-g6 AIRPLANE IN THE DESIGN GROSS WEIGHT LOADING
es
; : b4 @oading point 1 on table II and figure 7; flaps neutral; landing gear retracted; slats
es 00 retracted; cockpit closed; recovery attempted by rapid full rudder reversal except as
. noted (recovery attempted from, and developed spin data presented for, rudder-with
egee | spins); right erect spinsj
‘oo
[ 1]
) e @
) a0
.
a
%o 3 b,c
S5 25 App
[ < 41 {1v
\ 2 N 35
‘ [x] App
No |spin ] H 278 |0.27 s 128
. 1
52 |3V 4 [ su 3 ¢ La
2ut |o.29] |251 [0.30 J
Allerons
1/3 againet fd @& a a
——t 3, 3 1%’, 1& o
=
1 pul
1z Allerons =1
5° against : 3
O
vla
R B
212
¢
a b,c,e
Btlee
44 130 splin §
Allerons full against Allerons full with P
>
No jspin (Stick left) 268 p.32 (8tick right) %
| & ¢
o
gl
Al B
di 8
al &
wl &
B x
-2 BC]
bl
ot P
=2
=] |
a r ' c,8
8¢t le e1:1
. y2to sp |in
| No {spin 6
i 65 .35 P35
i 1, 1 13
| Extremely oscillatory motion until model rolls
over and goes inverted.
bSpin oscillatory in yaw, whipping motlon. a ®
CRecovery attempted before model was in its final {deg) { (deg)
steeper attitule. Model values
Recovery attempted by reversal of rudder from converted to v 1
full with to 2/3 against the spin. corresponding {fps) | (rps)
;Attar recovery, model goes inverted. full-scale values.
Hodel recovers in an inverted dive. U inner wing up Turns for
D inner wing down recovery
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CHART 2.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE é%—SCALE MODEL OF THE NORTH
AMERICAN XP-%6 AIRPLANE IN THE DESIGN GROSS WEIGHT LOADING

Enading point 1 on table II and figure 7; flaps neutral; landing gear retracted; cockpit
olosed; slats retracted; recovery attempted by rapid full rudder reversal (recovery
attempted from, and developed spin data presented for, rudder-with spins}); spins to
pilot'a righf]

App
271

H=

Stick right

NoAFpin

Stick forward

{Controls together)

App
230

1
I

No

Stick left

spin

Stick back

No

spin

8very wandering spin, could not get steady-spin data.
Recovers in a dive.
CMcdel assumes steep attitude and osclllates

until the oscillations cause model to

roll over and go erect.

(Controls crossed)

Model values
converted to
corresponding
full-scale values.

U
D

inner wing up
inner wing down

B e e T

c
No |spin
c
No |spin
a &
(deg) | tdeg)
v e
(frpe) | (rps)
Turns feor
recovery
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e
R
oo CHART 3.~ SPIN AND RECOVERY CHARACTERISTICS OF THE é]t—SCALE MODEL OF THE NORTH AMERICAN
:": XP-g6 AIRPLANE WITH THE WING SLATS EXTENDED
¢
R [Loading point 1 on table II and figzure 7; flaps neutral; landing gear retracted; cockpit
':. , closed; recovery attempted by rapid full rudder reversal except as noted (recovery
M * attempted from, and developed spin data presented for, rudder-with spins); right erect
oo spin
1
* O
.o
[ ]

£
2a
g= L2 | au
O
AN
(21N
! 27140.25
11
51 | au K’ 2
Alilerons 25140.27 L
1/3 against
> all 311
L 5 al
3
o=
—
2lg
ol
gl
AR
= +
ol w
| ~
=
") c
43 1 o
Allerons full against Allerons full with
No |spin
P (Stick left) 27810.30 (Stick right) D321
1 1
z 2z
I
F
of—~
1K)
=] 8
a1 s
£ Lo
ol
210
AR
Sl
oo
[~
2
k2 | 1v
265)0.32
# 7
8Recovery attempted by reversal of the rudder
b from full with to 2/3 against the spin. »
Model oscillates until it rolls out of the (d: ) | (aeg)
spin in a left roll. g eg
CRecovery attempted before model in final todel values v a
steeper attitude. Model went inverted. converted to {fo5) )
corresponding P {rps
full-scale values.
U 1inner wing up Turns for
3w D inner wing down recovery
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CHART 4.~ SPIN AND RECOVERY CHARACTEZRISTICS OF THE zé—SCALE MODEL OF THE NORTH AMERICAN

XP-86 AIRPLANE WITH THE DIVE FLAPS EXTENDED .
{;oadlng point 1 on table II and figure 7; landing flaps neutral; landing gear retracted; slats
retraoted; 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 sping]

84
2 al
gs 52 | 3U
'3
N
. R 258 {0.26
u’? 3U m) O
Allerons 2uk 10.30
1/3 against
Q. o %
z ~—~
318 ]
“la
N
olx
#|%
asp '
Sl N
oo
o R
&
a
4g § 3
Allerons full against Allerons full with
No |spin}| 258|0.30 516
(Stick left) (Stick right) 33
v, oD By
2]
5
Q -~
Q|
|2
3|2
215
G
&
O A
Llo
s |«
> | »
'R ED
-
2
51 | 1U
254 )0.32
i
a;{odel motion became extremely oscilllatory until
model rolled out of the spin. ’ ®
Recovery attempted before model in final (d: ) deg)
steeper attltude. 8 {deg
Model values v A
converted to (fps) - )
corresponding ps {rps
full-scale values.
U inner wing up Turns for
b D inner wing down recovery
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:..: CHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE EEaSCALE MODEL OF THE NORTH
»ee AMERICAN XP-86 ATRPLANE WITH -10° INCIDENGE IN THE HORIZONTAL TAIL
.:.. [éoading point 1 on table II and figure 7; flaps neutral; landing gear retracted; slats
. retracted; cockpit closed; recovery attempted by rapid full rudder reversal except as
oo noted (recovery attempted from, and developed spin data presented for, rudder-with
L spins); right erect sping]
.‘:

£
3]
L a,
g= k3 | 2u
Qm
N
5oy
1 282 10,26 Yo | spin
£ 1
50 | 4u
Allerons 258] 0.28
1/3 against
a a
7, 7 &
| -~
1 3%
18 N E:
o] &
21 o
ol -
>l
ol @
| -
[®
Two conditiops possible c a
38 17U
Allerons . 58 115D
full against Allerons rfull with
190 10.57| Mo | epin|  (sStick left) 268 10.30 (Stick right) >336
1 e e
22 1, 1 501
c
z
ol —~
ol o
A
| s
s| &
| e
G
£
of x
+ Q
@] A
>1 e
ol @
| ~
=
Two conditiqga possivle
4 |au
; 197 b.51| ¥No ispin 265} 0.34
8, 14 1,1
8Recovery attempted by reversing rudder from NACA
full with to 2/3 against the spin. »
bModel osclllates with increasing amplitude (dz , deg)
until it rolls out of spin. gl | (deg
°Oscillatory 8pin, range of values or average Model values v a
a value given. converted to (fps) | trpel
, After recovery, model goes inverted. corresponding P rp
: €Recovery attempted before model reached 1lts full-scale values.
: final steeper attitude. U inner wing up Turns for
r 3w D inner wing down recovery

m i m ok ey me e mme e cmmn mwammn s s e
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CHART 6.- SPIN AND RECOVERY GHARACTERISTICS OF THE é%—SGALE MODEL OF THE NORTH
AMERICAN XP-86 AIRPLANE IN THE LONG-RANGE LOADING

ﬁnadlng point 2 on table II and figure 7; flaps neutral; landing gear retracted; slats

retracted; cockplt 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 apins]

Two types of spin

N 4
4y | 37 [13U o )
751 50{ 76 |1ip §% uy | o1u E%
230 | 0.44 285 | 0.28 a 299 | 0.24 3&3
391 9U 1
17 1 56 | 14D 1, 13 >23,53
be, be
278 | 0.29 336 11? 1
Allerons 4 4.1 de y de 3} Ailerons
1/3 agalnst 2, 2 o >25, 225 1/3 with
L = P
= ef ef
EE 1, g
«lo
2]
Ql Q
Pl
a] e
Sto
3 —
Two types of spin 2
a g
4y 5 230 .
10 6o 59 10 Allerons ad 3u
full against Allerons full with App
22 A7 )2 0. & .
3p-hr|ere %5 {Stick left) 285 | 0.35 (stick right) 28
1
4, 6 | 13, 1 1, 13 %2, %2
eh'1
. . 15
I3
2~
%
g
3| &
«| o
¢
X
o| M
= [+]
S|
> o
ot v
|~
=
a 1
42 1170
72 { 17D k1 {3vu
261 | 0.35 285 10.35 >372
e, €
PR 3 2, 2
80scillatory spin. Range of values or average
value glven. a &
bﬁecovery attempted by slmultaneous full reversal (deg! | tdeg)
of rudder and elevator. ¢
Cafter recovery, model goes inverted. ¥odel values v a
Recovery attempted by reversing rudder from full converted to {fps) (r%s)
with to 2/3 against the spin, corresponding
Recovery attempted before model in final full-scale values.
¢, Bteeper attitude, U lianer wing up Turns for
Recovery attempted by simultaneously reversing D inner wing down recovery

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.
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|
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Eleyasor hingeline
67% chord

Aileron hinge
line 70% chord,

/6.4'0”

Rudler hingeline

769" 7024 chord
—————— __5 5 Fus.ref. plone 5 _5_/4'7 :
iapy T A T T
— 7.76” A
17 1

Figure 1. Three-view drawing of 7he $4-scale model of 1he North Amerr-
can XP-86 giplone as 1esied in the free-spinning funnel, Center-of -
gravily locafion s shown Tor The design gross welght condition.
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INCHES

Figure 2.- The élz-scale model of the North American XP-86

airplane in the design gross weight loading.
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Figure 38.- The -élz—scale model of the North American XP-86 airplane with the leading-edge

slats extended,
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Figure 4.-

The %N-moﬁm model of the North American XP-86

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 §%]:--scale model of the North American XP-86

airplane spinning in the Langley 20-foot free-spinning
tunnel.
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O Awrplane values
O Modle! values

360
x16*
-3
320
) ]
s13
NN /Q
k240
N
Wl 200
K
N E 160
NE
RIS
S /20
tt 9
- YAV
X 80
St /
N
N 4 //
g -4
0 -40 -80 -/20 —/60 200 240 -280x/0

Iy-Iz Relative mass distribution
mb2 increased along the Wings

Froure 2. Inertia parzmerters for loadings of 1rhe
Wor?h American XP-86 airplare and For loodings
Fosted on the ta-scale model.(Foints are ror
loadings 1isted in Fable L. )
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